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Executive Summary  

Patients commonly suffer adverse events while in hospital. The fact that patients 

are often neither allowed to read documented warning signs in their own medical 

records nor able to record their wellbeing, symptoms and concerns in a way that is 

notable for health care professionals is a contributing factor. There is a significant body 

of literature on patient held medical records, but this relates near exclusively to patients 

in primary care and chronic disease management programs and knowledge about safety 

impact of patient held records is largely limited to medication safety. It is not known 

how patients in hospital could contribute to paper or electronic records and what 

effects this might have.  

 

Scoping reviews of the literature showed little evidence for safety impact of 

electronic health records, personal health records or patient held mHealth applications.  

Focus groups and workshops with patients established understanding of the 

opportunities and barriers to patient participation in emergency care and resulted in a 

novel model for rapid co-design of prototype interventions.  

 

Interventional studies showed feasibility and utility of an mHealth check-list for 

side-effects of treatments of cancer. Patients who documented their priorities for a 

hospital admission added insights into their ideas, concerns and expectations that were 

not covered elsewhere in clinical records.  

 

Insights from the work discussed in this submission suggest that patient 

contribution might facilitate change in safety outcomes by creating capability and 

opportunity for desirable changes in behaviour of individuals and systems and 

encourage and support patients to be involved in their own safety. 

 

Further development and testing of systems that enable broader participation of 

patients is needed and is likely to empower patients while making health care 

professionals more aware of risks, change their behaviour and lead to safer delivery of 

health care in hospitals. 
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Glossary 

• BASE methodology – Business, Art, Science, Engineering are the disciplines

required to the development of prototypes

• Electronic Health Record – EHR

• Epic Systems Corporation - EPIC

• National Health Service – NHS

• Personal Health Record - PHR

• System Engineering Initiative for Patient Safety - SEIPS
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1. Outline 

 

The main learning from my research is that patient safety might be significantly 

helped by a greater contribution of patients and those close to them to their process of 

care. This critical reflection draws on the original proposal for my fellowship as well as 

the final report that was submitted to the Health Foundation.  

In chapter 2 I set the scene for the PhD submissions and describe the current 

challenges that patients face to understand their own safety and contribute to better 

care.  

In chapter 3 I outline the design driven methodology of the fellowship programme. 

This has four distinct phases of discovery, definition of key challenges, development of 

solutions and deployment of prototypes into clinical practice.  

In chapter 4 I present the publications that form the body of the submission.  

In chapter 5summarise results from the submitted publications and highlight 

important context.  

In chapter 6 I reflect on the insights gained in the light of theoretical frameworks of 

patient safety including Safety I and Safety II, human factors, and under-explored 

concepts of health literacy, and scope the potential clinical impact of the findings on 

care in a rapidly changing digital world.  

In chapter 7 I summarise my key contributions and describe gaps in the current 

evidence that require further exploration.  
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2. Introduction  

 

In this critical analysis I will review my contribution to the field of research into 

patient safety and a more active role of the patient in their own safety in particular. The 

analysis is based on an Improvement Science Fellowship with the Health Foundation 

and the resulting peer reviewed publications.  

In this analysis I will outline the understanding that led to the Fellowship, 

summarize the key findings from the manuscripts and place them in a broader context 

of current understanding of safety in health care and behavioural psychology.  

 

The research presented in this thesis was based on an understanding of available 

tools and methods to explore root causes for adverse events and methodologies to 

develop and test prototypes for interventions:   

Behavioural psychology analyses and predicts behaviour of individuals and groups 

under specified circumstances. Behaviour change of patients and health care teams, 

requires the observation, analysis, and interpretation of behaviour. I was fortunate to 

have had the support and specialist skills of Professor John Parkinson and Dr Carl 

Hughes from this discipline as academic collaborators.   

Information design is a subspecies of design that is occupied with the visual 

representation of information. Effectiveness of entry and output of any information 

system will be influenced by the quality of its information design. Pontio is Bangor 

University's new £49million Arts and Innovation Centre which hosts a Fabrication 

Laboratory (Fab lab) which conforms to international standards. Fab labs provide 

widespread access to modern means for invention. I had previously worked with the 

team of the Fab lab and was able to access expertise and facilities for the development 

of prototypes in co-production with patients.  

I developed the research program by reviewing the potential drivers and influences 

that might affect the research question:  

“What is the potential for active contribution of patients to health 

records to make health care safer in hospitals?” 

 



 12 

 

2.1. Developing the Research Question  

 

“Why did we not know what the score was?” 

 

This was the question asked by a relative of one of our patients who had been 

admitted acutely ill and with a large burden of chronic diseases. The patient 

deteriorated and died within a week of being admitted to hospital. On admission the 

patient had some abnormal vital signs resulting in a moderately raised value of the 

National Early Warning Score that grades physiological instability and risk. The health 

care team expected his condition to improve, and the abnormal value was not discussed 

at the time with either patient or family.  

What would the course of the disease have been if the patient and his family would 

have known the abnormality and its significance? 

 

Failure to rescue is common despite documented deterioration but … 

Adverse events to patients admitted to hospital are common (Kohn, Corrigan and 

Molla, 2000). In a significant proportion of patients who suffer adverse events there is 

clear documentation by health care staff of signs of deteriorating or concern from 

patients and their careers (Schein et al. 1990; McQuillan et al. 1998). 

Avoidable harm leads to significant costs for health care organisations (Kohn, 

Corrigan and Molla, 2000; Hoonhout et al., 2009), patients (Vincent, Neale and 

Woloshynowych, 2001; Hogan et al., 2012) and carers with additional evidence that 

health care professionals suffer as ‘second victims’ after experiencing safety incidents 

(Seys et al., 2012).   

 

… patients are blinded to warning signs 

Hospital records are accessible by health care professionals and in selected 

organizations by patients (Sathanandam, Rastall and Hoogewerf, 2016). In England the 

right of patients to access their own records is enshrined in the NHS constitutions 

(Department of Health, 2015). While some organizations allow relatives and patients to 

call Rapid Response Teams in case of a suspected catastrophic deterioration (Offner, 
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Heit and Roberts, 2007; Odell, Gerber and Gager, 2010), this is usually not based on an 

understanding of documented changes in vital signs or pathology results.   

 

Patients are asked a lot of questions about their health and wellbeing, but the 

subsequent records of their answers are summaries generated by the health care team 

and as such often contain interpretations. Healthcare professionals are commonly not 

congruent with self-assessments of patients about the severity of their own symptoms, 

self-rated quality of life and preferences with regards to end of life decisions 

(Mansukhani, 2015).  

The asymmetrical flow of information has to be interpreted in the context of system 

failure: “If an error is possible, someone will make it. The designer must assume that 

all possible errors will occur and design so as to minimize the chance of the error in the 

first place, or its effects once it gets made” (Norman, 2013).  

 

Theoretical lenses I: Modular Redundancy and resilient systems  

Safe systems in high reliability industries rely on independent modular organisation 

of safety critical steps (Pham and Galyean, 1992; Moehlenbrink, Wies and Jipp, 2011): 

No safety critical step relies on a single operator or technical part. This principle is 

applicable to deteriorating patients admitted to hospital (Bannard-Smith and Subbe, 

2015) and can be used to dramatically reduce adverse events (VITAL II study – 

submitted for publication). Patients ability to observe and react to abnormality is only 

rarely used to increase the redundancy of systems but might improve medication safety 

(Sathanandam, Rastall and Hoogewerf, 2016). The limitations of an approach where 

patients become part of the redundancy that assures resilience might require further 

exploration.  

Safety-I assumes that systems can be analysed successfully, the root causes of 

errors examined, identified, and subsequently eliminated. Safety-II observes that safety 

does not function in a bi-modal manner and that the reliability of human performance 

in healthcare is comparatively reliable and against all odds despite significant 

challenges (Hollnagel, Wears and Braithwaite, 2015). Resilience therefore stems from 

the fact that systems allow variation and interpretation by those working in them. 

Safety II therefore seeks to understand the real-world conditions in which systems 

function. Safety-II moves from an approach where ‘as few things as possible go 
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wrong’ to ensuring that ‘as many things as possible go right’ (Elliott, 2016). Key to the 

thinking of Safety-II is that ‘Work-as-Done’ is different from ‘Work-as-Imagined’  

(Hollnagel, Wears and Braithwaite 2015). Many systems function not because rules are 

being followed but precisely because some rules are being omitted, modified, or not 

being followed and thus adapting the work to the continuously changing environment 

in which it performed. This results in the insight that safety might be ‘better measured 

by how often everyday work goes well’ (Braithwaite, Wears and Hollnagel, 2015).  

In line with Safety I there is a body of evidence from patients in chronic disease 

programmes and community care and on reporting of patient safety incidents in 

hospital (Ward and Armitage, 2012; Lawton et al., 2015, 2017) with categories of 

safety incidents ranging from simple delays to prescription errors and complications of 

procedures. Through the lens of Safety II patients are experts in their own condition 

and therefore often manage to manoeuvre the challenging systems of health services. 

From this existing vantage position they have a unique ability to identify and 

circumnavigate errors (Unruh and Pratt, 2007): Missed clinical letter, wrong 

prescriptions and mix-ups in names have all be detected and corrected by patients. The 

resulting processes are a significant part of the ‘invisible work of patients’ (Unruh and 

Pratt, 2008) in any setting of healthcare, and specifically in the area that I used in one 

of my case studies (Subbe et al., 2021), during the hand-off of information at interfaces 

between teams and at the transition between community and hospital (O’Hara, Baxter 

and Hardicre, 2020). 

 

Theoretical lens II: Patient safety through the lens of human factors: The System 

Engineering Initiative for Patient Safety (SEIPS) 

 

If patients are part of systems of care, then their experience can be examined using 

human factors methodologies. While there are several frameworks in use I would like 

to explore the System Engineering Initiative for Patient Safety (SEIPS) (Carayon et al., 

2006) and its variants for the purpose of this reflection. I will summarise my 

understanding of SEIPS. I will then identify insights from the human-factors literature 

related to specific patient groups and to digital health interventions.  

 

SEIPS is a framework for human factors in healthcare describing work system, 

process, and outcomes. It has three principles: system orientation, patient centeredness 
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and design driven improvements. Systems are typically described by domains that 

interact around the person such as tools and technology, organization, internal 

environment, tasks, and external environment. The updated SEIPS 2.0 (Holden et al., 

2013) added configuration, engagement and adaptation to capture the work of patients 

and their carers.  

Carayon (Carayon et al., 2020) introduced SEIPS 3.0 as an expansion of the SEIPS 

framework applied to the ‘journey of patients and caregivers over time’ as a response 

to the increasingly complex models of care with the need to coordinate multiple 

providers. The adaptation of the model to the patient journey means that human 

centred design challenges have to be reviewed over time and through the lens of 

multiple professional and non-professional stakeholders. Tasks, organisational 

conditions, tools and technologies and physical environment are examined around the 

patients and their care team and repeatedly in a spatio-temporal context. 

SEIPS 101 (Holden and Carayon, 2021) is a simplified system for practitioners. Is 

includes work systems, processes, and outcomes; outcomes are classified as desirable, 

undesirable, proximal or distal. For the analysis of ‘systems’ a simple mnemonic 

‘PETT’  can be applied. ‘PETT’ stands for people, environment (physical, socio-

organisational and external), tools and tasks.  

 

The generic point has been made that many human factor tools have been 

developed for a lab or clinical setting and might need to be adapted for use outside 

these controlled environment (Valdez and Holden, 2016). Hazards in the patients’ 

home environment were found to be different from those identified in institutional care 

(Keller et al., 2019). Henriksen (Henriksen, Joseph and Zayas-Cabán, 2009) created a 

conceptual model to describe  the factors affecting quality and safety in the delivery of 

home care with a specific emphasis on the care of elderly patients and their sensory, 

cognitive and behavioural capability. 

SEIPS 2.0 has been adapted (Gorman, Wellbeloved-Stone and Valdez, 2018) to 

distinguish between visible work system/process/outcome and invisible work 

system/process/outcome. Invisible work was defined for the purpose as ‘work systems 

[…] that providers do not sufficiently understand through the vehicle of patient-

provider communication’. By making some of the invisible process visible the patient 

might be able to reduce the difficulty in completing these processes. The invisible 

work of patients and their contributions to care are obviously subject to the same 
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challenge of safety systems and errors as the work of healthcare professionals (Allen, 

2014).  

 

There is some evidence for the application of SEIPS with a focus on an active role 

of the patient in their safety: SEIPS has been used to examine ‘patient work’ in patients 

with chronic conditions  (Werner et al., 2021). Holden et al (Holden, Cornet and 

Valdez, 2020) mapped 10 years’ worth of conference proceedings on human factors 

and ergonomics. The proportion of patient centred papers was small: only 5%, a total 

of 212 out of 5257 papers and of these only 49 were experimental. Papers were mostly 

about elderly patients and those with chronic diseases and focused on care processes 

and technology or tools (such as safety of medical devices used by patients or non-

professionals, mobile technology), medications, and error management.  

In a study of 27 patients with heart failure, their increased difficulty to perform 

tasks of daily living and the challenge of ‘getting to grips’ with their condition was 

highlighted (Holden and Mickelson, 2013). Barriers related to ‘physical limitations, 

mood or attitude, lack of knowledge or skills, motivation, or medical status’ as well as 

to self-care tasks, health related tools and technology, social and physical barriers such 

as stairs or transportation. Safety implications were not explicitly mentioned.      

SEIPS was applied to examine factors that influence family engagement in a 

paediatric hospital (Carayon et al., 2011): The authors videoed ward rounds and then 

played those videos back to the clinical teams and families. Observations demonstrated 

feasibility of the work system model to describe the environment and its safety 

challenges but no interventions were tested.   

Yardley (Yardley et al., 2022) examined human factors affecting system 

performance in out-of-hours community palliative care using SEIPS to review context, 

mechanism and outcomes. Stakeholders including two informal carers identified 

themes from a national incident reporting system. Themes included timely access, 

quality of information transfer, safe medication provision and access to other 

treatments. At ‘person’ level mechanisms affecting care were isolation at night, 

feelings of safety and emotional labour, prioritisation and choice between response 

types. 

 

SEIPS 2.0 has been applied to examine safety implications of mobile health 

(mHealth) applications and personal health records: For mHealth applications human 
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factors reported ‘involved patient characteristics, perceived social support, and (type 

of) interaction between patient and provider.’ Well-educated white females were the 

most commonly studied patient population. One of the studies reported that patients 

with COPD did not like using the application if they were unwell because it reminded 

them of the illness (MacNab et al., 2015). Patients with hypertension relied less on 

their healthcare professional using the application (Ralston et al., 2014). And parents 

who cared for children with Asthma felt that they had better insights resulting in less 

days lost at work and school respectively (Fiks et al., 2015). The review highlighted 

insights about gender, socio-economic status, and educational background as important 

human factors for patient interaction. Despite the focus on chronic disease, insights 

were limited by the fact that only two studies included longitudinal data. 

The inpatient portal ‘MyChart Bedside’ from market leader EPIC was the subject 

of a focus groups with four (!) patients and staff to describe relevant human factors in 

the use (Walker et al., 2018). Patients ranked the following outcomes as most 

important: Satisfaction, shared decision making, patient engagement, ambulatory use 

and chart accuracy.  

While these are worthwhile and obvious causes there are concerns that were voiced 

by the focus group that we undertook at the Royal College of Physicians (Subbe, 

Wyatt, et al., 2019): Uptake of PHRs might reinforce the inverse care law and give 

additional support those who are more health literate. This is corroborated by a 

systematic review (Grossman et al., 2019) examining evidence from over 100 studies 

that showed underutilisation of portals in vulnerable and underprivileged patients. The 

authors used the SEIPS system to examine interventional trials. Out of 18 studies, 13 

intervened on the individual (person) component, 5 on the tool component (ie, patient 

portal), 1 on the task component (eg, prescribing portal component), 2 on the 

environment component, and 4 on the organisational component. Seven studies 

intervened on 2 components, but no study intervened on more than 2. 13 out of 26 

interventions involved training or assisting patients with portal use, others involved 

increasing the volume of content, enabling mobile access, translation into other 

languages or improving usability. Few studies involved increased access to devices 

(environment component) or organisational policy (Organisation component). Safety 

outcomes were not reported in this paper, but the authors emphasise the challenge of 

educational interventions as ‘weak’ interventions to change behaviour and increase 



 18 

safety. A focus on volume of usage left few studies measuring satisfaction or usability 

(and nonclinical outcomes).    

The overall number of studies examining human factors implications of patients as 

active parts of safer systems is therefore small.  Going forward the application of 

human factors systems need to therefore be reviewed in the light of bigger 

responsibility of patients, friends and families (Unruh and Pratt, 2008) using formal 

frameworks such as SEIPS.   

 

Theoretical lens III: Self-preservation as a driver for safety  

There are a number of reasons why the developments of safety culture in health 

care have not followed the lead of the historically hierarchical aviation industry or 

other high-risk industries that have become high reliability industries. One of them is 

the simple detail that a pilot flying a plane or a worker in a chemical plant will be 

interested in organizational safety for reasons of self-preservation. In health care this 

interest is much more indirect for nurses, doctors and other members of the caring 

team, on the other hand side the patient has rarely got access to safety critical 

information and relies on others to document significant symptoms, concerns or care 

preferences.  

 

Modern health care is nominally putting the patients into the centre of its processes. 

Self-care programs and their measurements are seen as crucial to realize this (Ellins 

and Coulte, 2005; Coulter et al., 2016). Patient-centred care has been defined as care 

that is respectful of, and responsive to, individual patient preferences, needs, and 

values and ensures that patient values guide all clinical decisions (Frampton, Guastello 

and Lepore, 2013). Patient consent procedures, patient-feedback, patient representation 

in colleges and healthcare trusts and co-design of services are all expressions of this 

philosophy. In hospital, patients are usually aware about 'the destination of travel' but 

most of them can't 'read the map' and are thus not able to determine course corrections. 

For patients to drive safety in health care, basic health literacy needs to be supported 

by better education, but much of the inability of patients to influence decision-making 

stems from a dialogue where only health care professionals are able to access 

information and document the outcome of the conversation. Systems are designed in a 

way where those who have the most interest in safety (the patients) have the least 
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access to safety critical information. Electronic systems might hold the key to changing 

this:   

Outpatient and primary care clinics are increasingly using computer terminals for 

patients to check in for appointments. In paediatric medicine it is common practice for 

parents to document stool charts and urine output. Chronic disease management 

programs for patients with diabetes, asthma, hypertension, epilepsy and dialysis 

dependent chronic renal failure do commonly involve patient generated documentation 

either held by patients or in a central data depository (Ko et al., 2010; Sathanandam, 

Rastall and Hoogewerf, 2016). These can improve error detection and patient-doctor 

relationships (Delbanco et al., 2010; Leveille et al., 2012; Bell et al., 2015, 2016). At 

the same time more and more patients own Fitbit and other physiological monitoring 

devices and share their physiological data via Strava or Facebook. Technology is 

increasingly seen as a necessity for patient engagement (Coulter and Mearns, 2015).  

My group has previously shown in a 'proof-of-concept' project that patients or 

careers are able to record their own social history into custom made software on 

commercially available tablet computers (not published). In a further project involving 

patients at risk of acute kidney injury 50% of participating patients were able to create 

detailed records of fluid intake and urine output of a comparable quality to those 

generated by health professionals.  

 
The hypothesis 

In this chapter I have summarised literature on adverse events: they are common 

and have profound impact on patients, clinicians, and organisations. They remain 

common despite the insights from more resilient approaches to patient safety and 

human factors analysis. The literature would suggest a gap in the evidence for a more 

prominent role of patients in a resilient health care system. 

 

To drive down adverse incidents affecting hospitalized patients it would seem crucial 

to optimize communication systems in hospital to allow patients both meaningful 

access to safety critical information to identify errors of commission and omission and 

empower them to input safety concerns and monitor improvement of their illness or the 

absence of the same. I would therefore hypothesise: Greater control of patients of 

safety critical information will improve safety of care. 
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2.2. Aim and Outline of the Research Program 

 

Aim 

To examine the potential for active contribution of patients to documentation 

systems as a means of improving safety of patients at risk of catastrophic deterioration 

in hospital. 

 

Objectives  

Objectives map against the four phases of the double diamond methodology by the 

design council: discover, define, develop, deploy.  

1. To discover (a) the impact of contemporary (electronic) documentation 

systems on predefined safety outcomes in hospital and (b) opportunities for 

patient contribution to documentation systems. 

2. To define key safety challenges to prevent deterioration of patients in acute 

care with patients. 

3. To use codesign to develop prototypes for these challenges. 

4. To deploy those prototypes for feasibility testing in clinical settings.  

 

In detail  

Objective 1: I mapped existing knowledge and identified gaps in the literature through 

reviews of the literature examining safety aspects of electronic health records (Subbe, 

Tellier and Barach, 2021) (chapter 4.1), patient held and generated health records for 

hospitalized patients (not submitted for publication) and a critical appraisal of the 

impact of mHealth applications exemplified in the care of patients with a single disease 

group, i.e. patients undergoing treatment for cancer (Osborn et al., 2020)(chapter 4.2).  

 

Objective 2: I hosted a series of workshops and focus groups to explore ways for 

patients to contribute to their own safety in hospital. These involved patients, health 

care professionals, health managers and patient safety experts (Subbe et al., 2019; 
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Subbe et al., 2020) (chapter 4.3). This work was supported by an observational piece in 

a simulated environment (Subbe et al., 2020) (chapter 4.4).  

 

Objective 3: I developed a novel methodology for co-production in acute care with 

patients as part of an epistemological based model (Subbe, Goodman and Barach, 

2022) (chapter 4.5). I used this methodology for a more detailed selection of safety 

challenges and development of linked prototypes. 

 

Objective 4: I deployed two prototypes in representative health care environments and 

measured impact on behaviour of patients, carers and health care professionals using 

mixed methods. I explored the ability of the prototypes to affect safety in two 

interventional studies (Jones et al., 2020; Subbe et al., 2021) (chapter 4.6 and chapter 

4.7). 

 

I am now using learning for the development of grant proposals aiming for 

actionable improvement in the care of patients at risk of deterioration in hospital. 
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3. Approach to methodology 

 

For the presented research I used a design methodology: The term design can be 

used colloquially to describe any process of creation and often implies improvements 

in aesthetics. ‘Design thinking’ is however a more strategic framework that links the 

three dimensions of desirability, feasibility and viability of a product or service (IDEO, 

2020). Design thinking starts from a position of empathy and understanding of human 

need. Design thinking can be used by organisations to create value based on physical 

and emotional needs of users (Rapp and Stroup, 2016). In order to develop new 

processes or artefacts the Design Council proposes the ‘double diamond’ process to 

‘discover, define, develop and deliver’ products (Davies and Wilson, 2015). This 

‘double diamond’ formed the scaffold for the fellowship programme and this 

reflection.  

 

Discovering the role of patients in hospital safety 

Two scoping studies (O’Malley and Arksey, 2005) and a series of focus groups 

conducted during the first part of the project helped me to discover a broad range of 

published, unpublished, explicit and tacit knowledge about the dimensions of 

interactions between the actors in health care that can affect safety. I combined these 

with direct observation of healthcare processes in emergency departments, acute 

medical units, and general wards in order to ground learning in real life, focusing 

primarily on unscheduled and emergency care. While all areas used some electronic 

health records none was a ‘paper-less’ area with a complete electronic patient record.  

 

Define key challenges for the design process  

My prioritization of the key risks was underpinned by understanding of drivers and 

potential obstacles to development in a complex environment (Snowden, 2010): 

Snowden distinguishes between obvious, complicated, complex, and chaotic systems 

where scenarios from acute care would be classified as complicated or complex. 

Solutions depend highly on understanding the challenge of the situational context. 

They cannot be purely derived at by logical deduction but require ‘sensing’ or 

‘probing’.   
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The key information challenges to improve the management of patients’ risk were 

a focus of the design process. They were derived from the analysis of story boards and 

process mapping. Prioritization was further supported by iterative discussions with 

stakeholders including patients and experts from the advisory group.  

 

Develop solutions 

I used the first two parts of the program to inform option generation. We tested a 

number of ideas with limited small-scale pilots using iterative 'Plan Do Study Act' 

cycles. These took place in a selected number of clinical areas and involved limited 

number of patients.  

Development of proto-types involved mixed methods, including but not restricted 

to process mapping and co-production. This approach allowed us to maintain ‘what-

matters-to-you medicine’ rather than ‘what’s-the-matter-with-you medicine’ (Barry 

MJ, 2012). Co-production allowed patients to become ‘prosumers’ – linking 

production and consumption of services (Toffler A., 1980). Cooperation between 

health professionals and patients, by employing their expertise of service use, results in 

more choice and increasing responsiveness to user needs while reducing waste and cost 

(Loeffler E, Power G, Bovaird T, Hine-Hughes F, 2013).  This part of the programme 

was based on the principle that “we do not improve healthcare services by adding 

coproduction. Rather […] we see new opportunities for innovation and improvement.” 

(Batalden et al., 2015). We used patient involvement to ‘work smarter not harder’ 

while reducing workload of already overworked healthcare teams (Hayes, Batalden 

and Goldmann, 2014). 

Primary outcome measures were therefore related to feasibility in relevant patient 

groups and were context dependent (Phelps and Barach, 2014). The evaluation 

included observational measures of team interaction (Malec et al., 2007; Schraagen et 

al., 2010). 

 

Deliver prototypes for large scale testing  

In the last part of the project I tested prototypes from successful small-scale pilots 

in larger patient samples (50-100 patients)  involving whole clinical teams (Jones et al., 

2020; Subbe et al., 2021).  
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My evaluation included measurement of interactions of patients with health care 

professionals, knowledge of patients about key risks and formal patient feedback.  

 

The theoretical frameworks 

The overall epistemological position of the thesis is grounded in objectivism. I 

assumed that changes in safety relevant behaviours and their outcomes can be observed 

and measured quantitively. The scope of my work did not extend to an examination of 

the social meaning of either interventions or outcomes. Methodology was therefore 

predominantly positivist with a focus on quantitative methods in the experimental 

pieces with limited qualitative data collected or analysed. The rational for this choice 

of methodology was largely pragmatic: my work was funded through an Improvement 

Science Fellowship with no additional funding to include more qualitative 

methodologies.  

My underlying ’grand theory’ was the theory of complex adaptive systems (Hodges 

and Larrañaga, 2021): This theory assumes that complex systems will adapt to external 

challenges and that the behaviour of systems is therefore often not predictable but 

become only apparent during testing (Kurtz and Snowden, 2003).  

My mid-level theory was based on behaviour change theory (Michie, van Stralen 

and West, 2011): behaviours change through alignment of capability, opportunity, and 

motivation of actors in a system. This system has been applied to a broad range of 

healthcare challenges (Steinmo et al., 2016) but to a lesser extent to patient safety. I 

hypothesised that by changing capability and opportunity for patients (Subbe et al., 

2024) behaviours might change, and safety outcomes should improve.  

Program theories and theories of change ‘focus on the intervention and 

conceptualise it as a chain of events, often in a linear sequence, which leads through 

successive intermediate changes […] to final results (clinical or cost outcomes).’ (Foy 

et al., 2011). I used our previously published theory on patient deterioration (Subbe 

and Welch, 2013) as the underlying programme theory: Improvement of deterioration 

events in hospital require recording of safety critical data, recognition of abnormalities, 

reporting to those skilled and authorised to respond and a repetitive loop of this 

sequence.  
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Caveat: Challenges from changing information technology  

At present most hospitals use some form of electronic support systems for 

pathology or radiology results, some are using interconnected Electronic Patient 

Records but only few are completely paperless. This is likely to change over the next 

few years. Despite this, it is common practice to test paper mock-ups for electronic 

documents prior to implementing them into an electronic environment. Themes 

identified in the 'discover' and 'define' part of the program were generic enough to 

continue and inform a variety of information systems including electronic systems.   

 

I borrowed methodology from design science that is focused on creating robust 

solutions for ‘real world usage’ after acquiring a deep understanding of the design 

context. Patient participation was at the heart of each step of the process. Discovery of 

the problem was undertaken with a broad range of stake holders derived through an 

epistemological framework. Based on these inputs definition of problems was highly 

context specific. Development of solutions explored the broadest possible range of 

options before a prototype was finally deployed for testing in a clinical environment.  
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ABSTRACT   

 

Objectives 

Review available evidence for impact of electronic health records (EHR) on 

predefined patient safety outcomes in interventional studies to identify gaps in current 

knowledge and design interventions for future research. 

Design 

Scoping review to map existing evidence and identify gaps for future research.  

 

Data sources  

 PubMed, the Cochrane Library, EMBASE, Trial registers 

Study selection 

 Eligibility criteria: We conducted a scoping review of bibliographic databases and the 

gray literature of randomised and non-randomised trials describing interventions targeting a list 

of fourteen pre-defined areas of safety. The search was limited to manuscripts published 

between January 2008 and December 2018 of studies in adult inpatient-settings and 

complemented by a targeted search for studies using a sample of EHR vendors. Studies were 

categorized according to methodology, intervention characteristics and safety outcome.  

Results from identified studies were grouped around common themes of safety measures. 

Results  

The search yielded 583 articles of which 24 articles were included. The identified 

studies were largely from US academic medical centres, heterogeneous in study conduct, 

definitions, treatment protocols, and study outcome reporting. Of the 24 included studies 

effective safety themes included medication reconciliation, decision support for prescribing 

medications, communication between teams, infection prevention and measures of EHR 

specific harm. Heterogeneity of the interventions and study characteristics precluded a 

systematic meta-analysis. Most studies reported process measures and not patient level safety 

outcomes: We found no or limited evidence in 13 of 14 pre-defined safety areas, with good 
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evidence limited to medication safety.   

Conclusions  

Published evidence for EHR impact on safety outcomes from interventional studies is 

limited and does not permit firm conclusions regarding the full safety impact of EHRs or 

support recommendations about ideal design features. The review highlights the need for 

greater transparency in quality assurance of existing EHRs and further research into suitable 

metrics and study designs. 
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Strengths and limitations of this study  

• Scoping review to identify the gaps in research on assessing the impact of 

Electronic Health Records (EHR) on patient safety. 

• Only interventional clinical studies were included.  

• Limitation of search to terms from a previously validated authoritative search 

strategy.  

• Exclusion of observational and feasibility studies. 

 

Key words: Electronic health records; patient safety; hospital; clinical trial; medication safety; 

Health information technology   
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INTRODUCTION  

 Caring for patients with complex conditions safely and competently mandates having 

access to the right information at the right time (1). Ineffective sharing of information between 

providers and patients seriously impedes the quality and safety of patient care and is a leading 

cause of adverse events in hospital (2). Harm from medical care is common, has a significant 

associated morbidity and mortality and affects the mental health of staff as well as the financial 

performance of institutions (3). A small number of categories of patient harm account for the 

bulk of adverse events (4). Most interventions aimed at reducing harm have included 

introducing a digital health record while restructuring the patient documentation and 

communication (5).   

 It is widely accepted wisdom that the introduction of comprehensive systems for 

documentation and communication such as Electronic Health Records (EHRs) should improve 

the safer delivery of care. Mortality improves after implementation of EHRs in smaller non-

teaching hospitals (6). The number of reported adverse events changes after implementation of 

EHRs with ‘meaningful usage’ functionality (7) but it is unclear whether changes are due to 

improved practice or changed event reporting. There are technical standards for EHR 

implementation and metrics for meaningful usage have focused on technical and efficiency 

aspects but not safety outcomes (8). There is hence the need to review the existing evidence for 

this specific aspect of care at a time of increasing spread of EHRs. 

The objective of this scoping review is to map key concepts as a basis for a deeper 

understanding on the effects of electronic record systems on commonly used clinical safety 

metrics while identifying gaps in our current knowledge to inform design of future research 

and the design of more effective EHRs. 

METHODS  

Scoping reviews are a traceable method of “mapping” areas of research and 

highlighting gaps in the literature for future research (9). Scoping reviews are a useful tool in 

the ever-increasing arsenal of evidence synthesis approaches and require rigorous and 
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transparent methods to ensure that the results are trustworthy (10). We used Arksey and 

OMalley’s (11) framework for undertaking a scoping review. This methodology summarizes 

the evidence available on a topic in order to convey the breadth and depth of that topic by 

mapping the existing literature in a field of interest in terms of the volume, nature, and 

characteristics of the primary research and identify gaps in the existing literature. In line with 

the methodology of scoping reviews a formal evaluation of the quality of the studies was not 

undertaken. 

 The review included the following five key phases: (1) identifying the research 

question, (2) identifying relevant studies, (3) study selection, (4) charting the data, and (5) 

collating, summarizing, and reporting the results. A detailed review protocol can be obtained 

from the primary author upon request. 

A checklist for the Preferred Reporting Items for Systematic reviews and Meta-

Analyses extension for Scoping Reviews (PRISMA-ScR) can be found in appendix 1.  

Research question 

This review was guided by the question: ‘How do patients admitted to hospital (P) 

benefit from implementation of an EHR (I) compared to patients not exposed to this or 

exposed to a different technology (C) in relation to commonly used outcome measures of safe 

care(O).’ Our PICO (12) search strategy for identifying and selection of studies is outlined 

below. The studies were divided into categories based on similarities in their main 

objectives/findings and the themes discussed.  

Data Sources and Search Strategy  

 The initial search was undertaken in March 2019 on studies published between January 

2008 and December 2018, in the following databases:  PubMed (including MEDLINE) and 

Embase, the European Trials Register, the Australian New Zealand Clinical Trials Register, the 

International Standard Randomized Controlled Trial Register and the Cochrane Library with 

supplementary searches on Google. The databases were selected to be comprehensive and to 

cover a broad range of disciplines. No limits on language, subject or type were placed on the 
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database search. The initial search was conducted in March 2019 with the supplementary 

searches run in December 2019. 

We used a validated algorithm from a literature review on search terms for studies on 

patient safety (13) that was subsequently used by an authoritative systematic review of 

interventions to reduce adverse events in hospital (14). Appendix 2 provides a sample listing of 

the search query terms tailored to the specific requirements of each database.  

 Fourteen topics of patient safety were identified in the review (14) including adverse 

drug events, infection, delirium, adverse event after hospital discharge or clinical handover, 

fall, adverse event in surgery, cardiopulmonary arrest, venous thromboembolism, staffing, 

pressure ulcer, mechanical complication and underfeeding, clinical pathway, safety culture, 

external inspection. Electronic health records were defined according to the National Centre 

for Biotechnological Information as Media that facilitate transportability of pertinent 

information concerning patients illness across varied providers and geographic locations (15).  

Study Selection Process 

The study initial selection for inclusion was based on the title and abstract of the 

studies that were reviewed to preclude waste of resources in procuring articles that did not 

meet the minimum inclusion criteria. Two of the authors (CBS, GT) reviewed titles, references 

and abstracts generated by the original search against the agreed inclusion and exclusion 

criteria. When the title and abstract provided insufficient information to determine the 

relevance, a full-text copy of the article was retrieved and reviewed. For the final selection, a 

full-text copy of each study was examined to determine if it fulfilled the inclusion criteria. The 

references of eligible studies were manually checked to identify additional relevant studies that 

were missed in the database searches (snowballing). The studies were reviewed for their 

research design and internal validity and the references of the selected studies were manually 

checked to identify additional relevant studies that were missed in the database search. 

Eligibility criteria  

Inclusion criteria: Record systems can be applied to in or out-patient settings as well 
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as to systems in community, primary or secondary care. This review focuses on medical record 

systems that are being used to support care of adult patients admitted to hospital wards. The 

review included publications identified in any language that reported experimental 

interventions in clinical trials that tested how records influenced patient safety. Only studies 

comparing two interventions or an intervention against usual or standard care were included. 

Studies excluded at this phase if they were found to not meet the eligibility criteria 

Exclusion criteria: Study protocols, case series, technical descriptions, conference 

abstracts and studies limited to primary care records, outpatient care and highly specialised 

environments such as cardiac catheterisation laboratories, operating rooms or day-case units 

were excluded. Systematic reviews have been undertaken to document the safety impact of 

electronic prescribing systems. Studies examining the effects of interventions after hospital 

discharge were outside of the scope. 

Supplemental searches 

In order to validate the search strategy additional searches were undertaken against the 

name of commonly used electronic health record vendors from the USA and UK identified 

from a Google search of electronic health records companies.  In order to assure the capture of 

important themes additional searches against the names of a sample of twelve major providers 

of electronic records was undertaken (Appendix 2). 451 studies were screened. Four clinical 

trials that fulfilled inclusion criteria were identified. One of these (16) reviewed safety alerts 

about gastro-intestinal prophylaxis in a population that included in- and out-patients. The study 

did not allow to differentiate between the two groups and the study was thus excluded. 

Supplementary searches identified one further trial (17).   

Data Extraction  

 Each article that met the study eligibility criteria was abstracted by using a 

standardized form based on a template by the Cochrane Collaboration (18). The data was 

extracted from the studies using an extraction tool that included the following items: article 
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identifiers (authors, year of publication, objective); study identifiers (sample size, design, 

country, length of follow-up, inclusion and exclusion criteria); setting and population; outcome 

measures.  

We organized the study characteristics in a tabular form. The identified studies were 

summarised according to key themes based on similarities of their main intervention and 

metrics and mapped against the 14 safety topics.  

Ethics 

This study did not involve human material or human data, so an ethics approval was 

not needed. Patients or the public were not involved in the design, or conduct, or reporting, or 

dissemination plans of the research. The study was not formally registered.  

Patients or the public involvement  

Patients or the public were not involved in the design, or conduct, or reporting, or 

dissemination plans of this literature review. 

Role of the Funding Source  

 The Health Foundation provided funding for the study through an Improvement 

Science Fellowship (CPS). The funding agency did not participate in study conception, data 

collection, analyses, manuscript preparation, the decision to submit the manuscript for 

publication, or any other part of the study.  

 

RESULTS 

Search results 

 The initial searches identified 60 articles for full-text review in the scoping review and 

further analyses. 24 papers met the eligibility and inclusion criteria and underwent a full-text 

abstraction (Table 1). Because of heterogeneity of the study designs, participants, and outcome 

measures a meta-analysis was not feasible. The flow of articles through identification to final 

inclusion is represented in Figure 1.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4491356/figure/fig01/
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Table 1: Synopsis of 24 identified studies  

 
 

Author  Country  RCT  Intervention  Type of safety metric 
  

Unit of 
measureme
nt 

Impact  
  

Abramson EL   USA 
 

No  Transition between 
EHRs 

Medication Safety  
 

Clinicians   
 

n.s.  

Adelman JS 
 

USA 
 

Yes 
 

Change in version of 
EHR 

System Safety: Wrong patient 
orders  

Clinicians 
   

Identification-re-entry function 
resulted in lower error rate (p<0.001) 

Awdishu L  USA 
 

Yes  Notification: AKI  Medication Safety: AKI 
 

Clinicians   
 

Adjusted prescriptions increased 
(p<0.001) 

Barnett ML 
 

USA 
 

No 
 

Transition between 
EHRs 

Adverse event reporting: (PSI)-
90, death & readmissions 

Patients  
 

n.s. 
 

Boockvar KS  USA 
 

Yes  Link to community 
EHR  

Medication Safety: Reconciliation  Patients   
 

n.s.  

Cardozo S USA No Notification: Trauma  Clinical pathway: Cervical-spine 
clearance protocol 

Patients Improved compliance rate with 
pathway 

Cho HJ USA No EHR generated lists Alerts Clinical unit Reduction in catheter related 
infections (p<0.05) 

Cho I Korea No Notification: Falls 
risk assessment 

Falls  Patients Unchanged rate of falls 

Colpaert K 
 

Belgium 
 

No 
 

Transition to 
electronic system 

Medication Safety  
 

Patients  
 

Reduction in prescription errors 
(p<0.001) 

Cook P  USA No Transition to 
electronic system 

Medication Safety: Antibiotic 
prescribing 

Patients Reduction in nosocomial infections 
(p<0.07) 

Dowding DW USA No Transition to 
electronic system 

Hospital acquired pressure 
ulcers and falls 

Patients Increased documentation rates for 
hospital acquired pressure ulcers 

Fahey OG USA No Change in version of 
EHR 

Medication safety: Wrong 
dosage of chemotherapy 

Clinicians Decrease in dosage error (n=0) 
compared to manual rounding (n=4)  

Hess E USA No Transition from 
paper to electronic 

Medication Safety: Wrong 
dosage in chemotherapy 

Clinicians n.s. 
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system 

Mishra V USA No Notification: 
Medication dosage 

Medication safety: Monitoring of 
Vancomycin dosage  

Patients Increase in frequency of trough levels 
(p<0.01) 

Mohsen A USA No Change in version of 
EHR 

Venous thrombembolism 
Reduction in inappropriate alerts 

Patients Alert reduction (p<0.001), increase in 
alert effectiveness (p<0.001), but 
decrease in alert efficiency (p=0.007) 

Muhlenkamp R USA Yes Notification: Dosage 
alerts 

Medication safety: Removal of 
inappropriate or unnecessary 
alerts 

Patients Decrease in dosage alerts by 3.6% 

Nanchal R USA Yes Change in version of 
EHR 

ICU Handover:  Occurrence 
of non-routine events 

Clinicians Structured sign-out process reduced 
the occurrence of non-routine events 
reported by residents (p=0.005) 

Nendaz MR  Switzerland 
 

Yes  Notification: VTE risk 
assessment 

Medication Safety: Decision 
support for VTE prophylaxis 

Patients  
 

Less overprescribing with e-alerts 
(p<0.01) 

Schnipper JL  USA 
 

Yes  Medication 
Reconciliation 

Medication Safety: Adverse drug 
events  

Patients 
 

Changes significant at discharge but 
not admission 

Silbernagel G Switzerland 
 

Yes Notification: 
Complications of 
Atrial fibrillation 

Medication safety: 
Anticoagulation 

Patients  
 

Adequate prescription increased from 
16 to 22% (P=0.021) 

Spirk D  Switzerland 
 

Yes Notification: VTE 
prophylaxis 

Medication safety: VTE 
prophylaxis  

Patients  
  

n.s.  

Weiss CH  USA 
 

Yes  Checklist in EHR  Medication Safety: Antibiotic 
prescribing   

Patients  
 

Increase in number of days with 
empirical antibiotics (p< 0.002) 

Westbrook JI 
 

Australia 
 

No 
 

Implementation of 
two EHRs 

Medication Safety 
 

Patients  
 

44% reduction in serious errors, 
increase in system errors 

Wilson FP  USA Yes  Notification: AKI  Medication Safety: AKI 
 

Patients 
 
 

Increase in creatinine checks 
(p<0.05) & reduction in deaths & 
dialysis (p<0.01) only in surgical 
stratum  

AKI – Acute Kidney injury; EHR – Electronic Health Record; VTE – Venous thromboembolism   
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General Characteristics of Included Studies  

 The studies originated from a number of countries: 18 from the USA, three from Switzerland and one 

each from Australia, Belgium and Korea. The studies involved general hospital wards areas, critical care (19,20) 

and laboratory settings (21). Studies almost exclusively originated from academic medical institutions.  

Eleven studies were randomized controlled trials; 13 studies were observational before-and-after studies  

or parallel group studies comparing electronic records with paper records (20–25) and other electronic 

r(25)ecords (26) . The methodological quality of the studies was not formally assessed in line with the 

framework of scoping reviews. 

The majority of studies involved only a single institution, some involved a group of hospitals and in one 

study, the authors reported from one geographical region (27). The small number of multi-centre studies 

involving between two (23,28) and 29 (29) hospitals. The study duration ranged from a single month to five 

years with most studies lasting 6 to 18 months.  

 The studies examined interventions created by installing new electronic systems, changes delivered 

within an existing system and changes between different electronic systems.  

The unit of examination were patients, hospitals units, pathology specimens and categories of healthcare 

professionals: nurses, physicians, prescribers, etc.  

 

Processes by which EHRs aimed to effect changes in Safety Outcomes  

 The majority of studies used interventions that created information aimed to influence the behavior of 

physicians or prescribers, one study was aimed at nurses and no study was aimed at patients. The interventions 

included randomisation that was delivered at hospital, clinical units, clinician or patient levels. The comparative 

studies reviewed changes in adverse event reporting in hospitals implementing EHRs to those that did not 

implement EHR or in clinical departments pre- and post-implementation. Alerts were created for a random 

sample of patients or for a random sample of clinicians. Most studies reported on compliance with processes 
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associated with safe care. Only a limited number of studies reported on actual adverse events or harm 

(24,25,27,29–32).  

 

Metrics of Impact  

Results were mapped against the 14 pre-defined topics of patient safety (Table 2): Significant evidence 

was identified for the topic of adverse drug events and limited evidence for the topics of clinical handover, 

venous thromboembolism, clinical pathways, pressure ulcers and falls. No evidence was identified for seven of 

the pre-defined topics.  

Identified studies were linked to safety themes. The patient safety themes identified included a) the use 

of electronic notifications as reminders or alerts (22,25,31,33–39), b)  electronic notifications specifically in 

relation to medication safety (19,20,34–36,40–43,22,23,26–28,31–33), c) communication between teams 

(27,28,44),  d) prevention and treatment of infections (19,22,24), and e) harm caused by the architecture of the 

EHRs (29,45,46).  

Theme a) Electronic Reminders: Automated notifications were used to alert prescribers to good 

practices in prescribing of antibiotics (19,22,24,43), prevention of falls and hospital acquired pressure 

ulcers(25), oral anti-coagulants (47), thrombosis prophylaxis, (31,38) and nephrotoxic medications (33,36).  

Best practice alerts for prescribing of antibiotics on general wards (22) elicited only a response in 19% 

of prescribers in one study, with most of the responders following the advice that resulted in a reduction in the 

number of broad-spectrum antibiotics prescribed.  

A study in a medical intensive care unit used checklists for antibiotics in the electronic health records 

(19). These checklists were more effective on their own when compared to additional face-to-face prompting by 

a dedicated resident in changing the antibiotics to empirical antibiotics. Adverse events were not reported. The 

length of stay in the Intensive Care Unit and standardised mortality rates were not different between the 

intervention and control groups. 
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 The electronic reminders for clinicians to prescribe oral anti-coagulants in patients with stroke and atrial 

fibrillation (35) resulted in a relative improvement in the rates of appropriate prescribing from 16% to 22%, 

however, the adverse effects were not reported.  

 The computer generated alerts about rising creatinine levels that indicated acute kidney injuries 

resulted in a significantly higher rate of repeat creatinine laboratory checks (36).  There was a small increase in 

the subgroup of surgical ward patients in the number of renal consults ordered and in subsequent dialysis 

sessions. The primary combined outcomes of maximum creatinine rise, dialysis or death at seven days, 

however, did not change. 

 Implementation of risk assessments for falls and hospital acquired pressure ulcers led to improved 

documentation rates(25): Falls rates did not change and the rate of hospital acquired pressure ulcers dropped 

continuously over the period of the investigation but no step-change after implementation of the EHR. 

 An electronic protocol for the clearance of the cervical spine after mechanical trauma resulted in 

improved documentation (37). A falls-prediction algorithm (48) created a notification tool for falls prevention – 

this was tested against a non-matched control group.  

Theme b) Medication safety: The studies included reconciliation of medications (27,28), anticoagulants 

(31,35), antibiotic prescribing  (19,22,24), acute kidney injury (33,36), calculating and monitoring of correct 

dosage(32,42,43) and error-reporting (20,23,49). The effects on patient outcomes were either not reported or 

small and limited to subgroups of patients.  

Theme c) Communication between teams: Medication reconciliation on admission to the hospital was 

the focus of two studies (27,28). The reconciliation on hospital admission led to no measurable impact on safety 

outcomes. The electronic handover was related to a reduction in clinician reported ‘non-routine events’(44).  

Theme d) Infection: The prescribing practice of antibiotics (19,22,24) was examined. Significant impact 

on patient outcomes was reported in one study with a fall in only one of several examined nosocomial infections 

(24). A list of indwelling devices generated by the EHR was used to inform multi-disciplinary rounds with some 
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evidence of lower exposure to risk (39).  The evidence was lacking on surrogate metrics describing the clinical 

course of infections such as the patients’ white cell count, level of C-reactive protein or vital signs.   

Theme e) Harm caused by the EHR: The potential harm caused by introduction of the EHR was 

measured through a novel ‘retract-and-reorder’ tool (45,46) that captured when clinicians prescribed corrected 

prescriptions and were reordered again for other patients. The majority of these events were likely near-misses. 

A reduction of harm from ‘wrong patient’ orders were attempted through the repeat of identity 

checks/verification (45) and a reduction in the number of maximum opened patient records (46). A summary 

nationally reported measure of patient harm was used in another study to quantify the impact of transitions 

between medical records (29).  

  



 41 

 

Table 2: Synthesis of evidence for impact of implementation of EHR on pre-defined patient safety areas (Zegers 

M, BMJ Open 2016)  

 

Patient Safety Area  Evidence for 

impact  

Limitations 

Adverse drug events  Evidence identified Evidence for effects on documentation of allergies, drug 

interactions (process measures) and rate and reporting of 

adverse events (outcomes measures) 

Additional evidence from literature on specialist systems 

Infection Limited evidence 

identified 

Changes to antibiotic prescribing (process measure) and 

catheter related infections (outcome measure) 

Delirium None identified  

Adverse event after 

hospital discharge or 

clinical handover 

Limited evidence 

identified  

The review was limited to effects in hospital. There was 

limited evidence for impact on clinical handover with 

reduction of ‘non-routine-events’ (outcome measure). 

Falls Limited evidence 

identified 

No change in falls rates (outcome measure) 

Adverse event in 

surgery 

None identified  

Cardiopulmonary 

arrests 

Limited evidence 

identified  

Evidence for reduced rate of cardio-pulmonary arrests 

(outcome measure) from literature on specialist systems only 

Venous 

thromboembolism 

Limited evidence 

identified  

Changes in prescribing of prophylactic interventions (process 

measure) 

Staffing None identified  

Pressure ulcer Limited evidence 

identified 

Improved documentation (process measure) 

Mechanical 

complication and 

underfeeding 

None identified  

Clinical pathway Limited evidence 

identified  

Improved readability (process measure) 

Safety culture None identified  

External inspection None identified  
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Additional gaps in understanding of impact of EHRs on safety outcomes  

 Studies reported limited explanatory context required to fully understand the likelihood of an impactful 

implementation such as staff workload, patient satisfaction, staff satisfaction or health economic outcomes. Staff 

satisfaction was measured in a single study (44) and only one study reported a patient reported outcome 

measure: Adverse events collected through telephone interviews in the study on electronic discharge 

notifications were not specified and not affected by the intervention (30). 

We found limitations in measurement of attributable harm at the patient level: A study examining the 

effect of a Health Information Exchange on adverse drug events found only 37 adverse events in 381 patients 

(27): All reported adverse events were characterized by temporary symptoms (eg, pain) or temporary organ 

dysfunction (eg, a rise in creatinine), and none caused serious or permanent harm. A study using electronic 

alerts for acute kidney injury (36) examined events such as the administration of contrast in patients-at-risk 

without clinical validation of the preventability of these events.  

There was some degree of innovative functionality specific to electronic systems in relation to safety 

outcomes: An EHR specific ‘retract-and-reorder’ measure (45,46) and a ‘patient safety composite measure’ for 

a selected validated summary indicator (PSI)-90 (29) were described. We were unable to identify a single trial 

using personal health records or patient portals in a hospital that reported on safety outcomes.  

 

DISCUSSION 

This is the first scoping review, to the authors’ knowledge, to systematically evaluate the impact of 

EHR interventions on patient safety metrics in hospital. We found little published evidence for positive effects 

of electronic health records on safety metrics that commonly feature in the literature such as hospital acquired 

infection, medication safety, allergies, falls, etc. The review identified some evidence for a meaningful impact 

of electronic health records in hospitals on surrogate outcomes that was largely restricted to changes in hospital 

prescribing practices. Limited follow-up periods might have been too short to capture the lasting effects beyond 

the immediate implementation period.  
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 The review did not examine studies in primary care or paediatrics. Mortality was not included as a 

primary safety outcome as it depends on a large number of variables including the patient case-mix but there are 

indications that patient mortality improves in a sub-group of hospitals that have implemented EHRs(6).   

 Direct comparative clinical studies of EHRs by different vendors were missing. We were only able to 

identify two studies that directly compared EHRs. The first, a non-clinical study tested the safety processes in a 

simulated environment (50), and demonstrated large differences in the number of computer keyboard clicks and 

the time required to perform basic work tasks, and the second, an observational audit study that compared the 

prescription errors between two EHRs (51).   

  We found no evidence for EHR related patient engagement at any level. Patients have been called the 

first line of defence or the ‘smoke alarm’ to raise alerts about potential patient harm and are able if invited to do 

so, to play a key role in monitoring their safety across the health continuum (52,53). Personal health records 

(PHRs) held by patients might provide an obvious tool for enhanced patient safety but the evidence for a safety 

impact in primary care is limited to medication safety (54). The American Veterans Administration Healthcare 

system has undertaken a robust evaluation of their PHR that indicates a better adherence to treatment plans but 

little data on whether this adherence leads to safer or cost effective care (55) and patients’ active contribution to 

documentation systems in hospital is likely to enhance care (56,57).   

 Our scooping review has several limitations. First the search strategy was limited to safety outcomes 

predefined by a group of experts (4) and we focused exclusively on EHRs. It is not clear whether other safety 

relevant outcomes could have been found in other studies of EHRs. Second, we focused on interventional 

studies to obtain a higher graded evidence and it is possible that safety outcomes are described in observational 

studies. Third, there is an understanding that monitoring systems for specific diseases that can be displayed 

through an EHR might be of benefit for safety outcomes such as measuring blood sugar levels in patients with 

diabetes (58) or the electro-cardiogram in patients with a coronary event (59). For unselected patient-groups 

there is evidence for the value of systems’ monitoring of vital signs that might be linked to an EHR or have their 

own recording systems; these authors have illustrated an impact on relevant clinical and safety outcomes (60–

62) albeit with some methodological challenges (63).  Fourth, the studies identified in this review used exemplar 
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conditions and applications of electronic records. Frameworks to classify safety incidents in a broader, real 

world context (64,65) are missing. Fifth, the number of studies identified was small and despite using a robust, 

systematic search strategy we were unable to generate a hierarchy of effective or ineffective EHR interventions. 

The comparison between EHR systems is difficult given the lack of operational and interoperative standards 

(66), the lack of transparent data by the vendors, and even in a simulated environment straight comparisons are 

exceedingly rare (50). Sixth, the overwhelming number of studies originated in the USA which is highly 

influenced by the US healthcare regulatory and reimbursement schemes that are rather different from other 

healthcare systems. Finally, scoping reviews are not intended to assess the quality of the literature analysed. 

Nevertheless, this scoping review provides a comprehensive overview of the existing research and has clearly 

identified key themes and challenges for broader research which is needed. 

EHRs can be used in many different ways in different hospitals. Linking the EHR intervention to a 

specific outcome might therefore be challenging even where process changes are the endpoints. Randomised 

trials might not be the most appropriate methodology for EHR evaluation and other generic service 

interventions because the effects at system level might be too diffuse. Carefully designed observational and 

adaptive interventional studies are needed to allow appropriate evaluation of service and policy interventions in 

this area(67). 

The authoritative peer-reviewed search strategy deployed to identify publications reporting on patient 

safety topics uses a mix of process and outcome measures. Definition of these is subject to interpretation –. i.e. 

organisational culture could be used as an outcome measure as part of the quadruple aim or as a process that 

facilitates better quality of care for patients. Conceptually it would however be difficult to identify changes in 

outcomes without a model of change that does not involve some measure of change in process. Outcomes will 

of course depend on fidelity of implementation of processes but the absence of changes in safety critical 

processes is therefore likely to signify an absence in changes in safety outcomes. 

 The implementation of EHRs has got safety implications well beyond the scope of this review which 

range from the reliability of soft- and hard-ware, design or systems and user interfaces and risk of abuse and 

fraud(68). We have also not examined the broader context of implementations: evidence suggests that nurses 
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working in hospitals with no EHRs report poorer quality of care and patient safety(69) and cultural context and 

trust might modify impact(70–72). 

Clinicians at the coal-face of care complain bitterly about poorly designed and supported EHR systems, 

which have unsuitable interfaces (73), add to workload, and fail to respond to change requests in a timely 

manner (74). EHR’s are reported be the number one reason for clinician burnout and dissatisfaction (75). Given 

the enormous investment costs in the development and deployment of the technology and the emerging 

evidence of the negative effects of EHR on clinician burnout (76,77), the lack of reported benefits in sustainable 

and measurable safety outcomes is surprising and concerning. We share the concerns of others that there is 

largely ‘anecdotal evidence of the fundamental expected benefits and risks relating to the organisational 

efficiency resulting from the storage and management facilities within the EHR and thus the potential for 

secondary uses’(78). Health information systems designed for and by a clinical teams using a technology that 

enables real-time adaptation might provide greater efficiency for the staff in decreasing the time to complete 

standard tasks (79). 

Unstructured and fragmented information is at the core of countless serious adverse events and the link 

between fragmented information and patient harm is well established in the literature (80). Human factors and 

ergonomics design is part of the safety assurance of medical devices (81) but not the commonly used EHRs. 

The EHRs are among the most expensive capital investments that health system leaders undertake with 

cost for an installation by a single organisation up to a billion dollars (82) despite the absence of evidence for 

cost-effectiveness (83), and routine complaints about the deleterious effects of implementation on clinicians and 

their workflow (84). EHRs have been introduced with an expectation workflow and safety improvements that 

have failed to materialize (85). An Australian study demonstrated that systematic errors in the usage of EHRs 

are common, and the audited files of 629 patients admitted to hospital were found to contain 493 errors related 

to the EHR and accounted for 42% of prescription errors (86), 

Our review outlines a rich area for several key research questions, including the need to develop a 

clearer description of EHR interventions, using uniform and validated outcomes measures, and attending to care 

provider’s needs,  attitudes and training (87).  Given the erosion of trust in the data safety of large projects, 
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smaller pilots in multiple locations might be needed to develop EHR systems that aid patients, professionals and 

policy makers (88). Enormous amounts of data relevant to patient safety are collated within EHRs. It is likely 

that hospitals and vendors are undertaking internal reviews of safety outcomes for purposes of audit, quality 

improvement, internal quality assurance or research. Given the size of the investment in EHRs and the adverse 

public health impact of patient safety it would seem that these type of datasets should be made public for 

research and quality assurance.  

 

CONCLUSIONS    

The clinical consequences of EHR use for patients might be considerable but the available studies 

suggest a limited understanding about the safety or potentially harmful outcomes following the implementation 

of EHRs. The literature contains inadequate evidence to guide policy or a digital strategy for healthcare 

jurisdictions in how best to select and implement EHRs.  

Our review highlights an urgent need for greater transparency in quality assurance of existing EHRs and 

further research into suitable outcome metrics and appropriate study designs. 
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Appendix 2: Sample search Strategy 

This is the search terms employed for pubmed:   

 ((((((((((((((((((((((Hospitals [Mesh]) OR Inpatients [Mesh]) OR Critical Care [Mesh]) OR Perioperative Care 

[Mesh]) OR Preoperative Care [Mesh]) OR hospital [tiab]) OR hospitals [tiab]) OR hospitalised [tiab]) OR 

hospitalized [tiab]) OR inpatient*[tiab]) OR critical care [tiab]) OR intensive care [tiab]) OR perioperative 

[tiab]) OR preoperative [tiab]) OR postoperative [tiab]) OR peri-operative [tiab]) OR pre-operative [tiab]) OR 

post-operative [tiab]))) AND ((Attitude of Health Personnel[mesh]) OR (((((((((((((((Patient Safety[mesh]) OR 

Patient Safety[tiab]) OR Risk Management [Mesh]) OR Risk Management [tiab]) OR Equipment Safety 

[Mesh]) OR Equipment Safety [tiab]) OR Harm Reduction [Mesh]) OR harm reduc*[tiab]) OR Safety 

Management[mesh]) OR Safety Management[tiab]) OR (((prevention and control [Subheading])))) OR 

prevent*[tiab]) OR safe*[tiab])) OR (((((((((((((((((((((((((((((((((((((((((((Hand Hygiene [Mesh]) OR Hospital 

Rapid Response Team [Mesh]) OR Hand Hygiene [tiab]) OR Rapid Response Team [tiab]) OR Medication 

Reconciliation [Mesh]) OR Medication Reconciliation [tiab]) OR Antibiotic Prophylaxis [Mesh]) OR 

Prophylaxis [tiab]) OR Infection Control [Mesh]) OR Infection Control [tiab]) OR Checklist[mesh]) OR 

Checklist[tiab]) OR Automatic Data Processing[mesh]) OR Automatic Data Processing[tiab]) OR Pain 

management[mesh]) OR Pain management[tiab]) OR Leadership[mesh]) OR Leadership[tiab]) OR Patient 

handoff[mesh]) OR Patient handoff[tiab]) OR Personnel staffing[Mesh term]) OR staff*[tiab]) OR Hospital 

nursing staff[mesh]) OR Hospital medical staff[mesh]) OR Nurse-Patient Ratio[tiab]) OR Education[mesh]) OR 

Education[tiab]) OR Patient simulation[mesh]) OR simulation[tiab]) OR Safety rounds[tiab]) OR fall 

prevent*[tiab]) OR pressure ulcer prevent*[tiab]) OR organizational culture[Mesh]) OR organizational 

culture[tiab]) OR safety culture[tiab]) OR Team training[tiab]) OR Case management [mesh]) OR Case 

management [tiab]) OR Continuity of Patient Care [mesh]) OR Quality indicators[mesh]) OR indicators[tiab]) 

OR Patient Participation[mesh]) OR Patient Participation[tiab])))) AND (((((((((((((((((mortality[mesh]) OR 

mortality[tiab]) OR adverse effects [Subheading]) OR adverse effect* [tiab]) OR Medical Errors [Mesh]) OR 

adverse event*[tiab]) OR harm*[tiab]) OR incident*[tiab]) OR Iatrogenic Disease[mesh]) OR complications 

[Subheading]) OR complication*[tiab]) OR adverse drug event*[tiab]) OR diagnostic err*[tiab]) OR medical 
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err*[tiab]) OR medication err*[tiab]) OR surgical err*[tiab]))) AND "Electronic Health Records"[Mesh] AND 

"Clinical Trial" [Publication Type] 

 

Supplementary search for EHR providers  

 [Company name] AND ("Clinical Trial" [Publication Type]) OR "Safety"[Mesh]) 

List of companies searches: AdvancedMD, Agfa Healthcare, Allscripts, Athenahealth, CareCloud, Cerner, 

CureMD, Epic, GE centricity, NextGen, Eclinicalworks. 
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ABSTRACT 

 
Purpose: Patients undergoing systemic anti-cancer treatment experience distressing side-effects and these 

symptoms are often experienced outside the hospital setting. The impact of usage of cancer related mobile 

health (mHealth) applications on patient related outcomes requires investigation. 

Methods: A critical appraisal of the literature was performed for the following question: ‘In patients with cancer 

have mHealth applications been compared with usual care to examine impact on commonly used clinical 

outcomes.’  

Literature searches were undertaken with the help of a research librarian and included Medline, Cochrane 

Collaboration, clinical trials data-bases and grey searches.   

Results: 17 studies including between 12 and 2352 patients were identified and reviewed. Smartphone 

applications or internet-portals collected data on symptoms or patient activity. Several studies showed 

statistically significant differences in patient reported outcomes when symptom monitoring using mobile health 

application was compared to usual care.  Change in mobility was the only outcome that was related directly to 

toxicity. Only limited data on mortality, cancer related morbidity including complications of care, health-

economic outcomes or long-term outcomes were reported.  

Conclusions: Studies of mHealth applications might improve aspects of symptom control in patients with cancer 

but there is currently little evidence for impact on other outcomes. This requires future research in interventional 

studies.  

 

 

Keywords: Cancer, mHealth, Smartphone, internet, Health related quality of life  
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MANUSCRIPT 

 

 

INTRODUCTION 

 

Complications of cancer and its treatments are common (1). Many patients will experience side effects 

following chemotherapy, radiotherapy or targeted therapies. These lead to morbidity and mortality as well as 

increased resource utilisation in the community or hospital setting. Complications of cancer and its treatments 

are often predictable (fever, diarrhoea, skin reactions and drug specific effects). Education of patients might help 

to increase compliance with care pathways  (2) especially if tailored to an individual’s needs.. In the context of 

an increasingly digital healthcare system it is therefore worth considering the role of mobile health applications 

(mHealth) for clinical care, patient education and safety of treatment.  

No standardized definition of mHealth exists but for the purpose of the Global Observatory for eHealth (GOe) 

mHealth or mobile health has been defined as ‘medical and public health practice supported by mobile devices, 

such as mobile phones, patient monitoring devices, personal digital assistants (PDAs), and other wireless 

devices’(3). There are currently 97000 mobile health applications and in 2017 the number of global users for 

these was thought to be at 3.4 billion patients (4). The widespread use of smartphones (80% of patients (5), 95% 

of nurse and 99% of doctor (6)) in the United Kingdom means that mHealth applications are potentially 

accessible by most participants in healthcare: Healthcare professionals use smartphone applications to access 

risk assessment tools and scoring systems or to recap guidelines. Research on interventions based on mHealth 

applications suggests that they can be used to alter health related behaviours (7), such as  medication adherence 

(8) but economic evidence for their usage is limited (9). 

Patients use applications to get lifestyle advice, dietary information or practice mindfulness, yoga or other 

sports. Mobile health applications for patients with cancer might track deterioration (10) and support education 

and recovery (11–13) and have been suggested as a topic for research (14). It is not known how mHealth 

applications affect patient reported experience and patient reported outcome measures. The latter can be generic 

or cancer specific. Patient related outcomes measures are thought to be central for the understanding of 

effectiveness of treatments in cancer, improve patient-provider communication, patient satisfaction (15), 

everyday life (16) and survival (17).  

In order to improve support of patients referred to the local oncology service that covers a large rural and remote 

area in North Wales the authors reviewed the literature to identify mHealth application with a peer reviewed 

evidence of impact on clinical outcomes that could be deployed in UK practice.   

 

METHODS 
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Study design 

The review of the literature used the format of a ‘Critically appraised topic’ (CAT). CATs are standardized 

summaries which draw together best available evidence to answer questions based on real clinical scenarios 

(18). CATs follow principles of evidence-based medicine in four steps: 1. The authors form a focused and 

answerable question based on a clinical encounter, 2. search for the best available evidence, 3. critically appraise 

the evidence for validity and clinical relevance and 4. examine the application of the results to clinical practice 

and future research. 

 

Search strategy 

The search question was created in a patient – intervention – comparison – outcomes (PICO) format: ‘In 

patients with cancer (P) have mHealth applications (I) been compared with usual care (C) to examine impact on 

commonly used clinical outcomes (O).’  

Outcomes that are commonly used in cancer trials include mortality, morbidity, quality of life, usage of hospital 

beds, number of outpatient appointments or appointments in primary care. In the context of care of patients with 

cancer morbidity related to treatments might be of particular interest.  

A literature search was undertaken with the assistance of a research librarian. The following search string was 

used: (Mobile applications ‘OR’ Smartphone applications) ‘AND’ (Cancer ‘OR’ Neoplasms) followed by 

further searching using specific outcome measures: (‘morbidity’ OR ‘mortality’ OR ‘quality of life’ OR 

‘hospital beds’ OR ‘patient safety’ OR ‘outpatient appointments’ OR ‘GP appointments’). Additionally, a 

search for studies using patient portals was conducted: ("Patient Portals"[Mesh]) AND (cancer or neoplasm). 

Identified papers were searched for further applicable references (‘snow balling’). 

 

Inclusion and exclusion criteria  

Study criteria were agreed prior to undertaking the review: Publications up to April 2018 were included. No 

study pre-dating 2014 was identified. Randomized and non-randomised studies on all types of cancer including 

haematological malignancies were included. The review included dedicated mobile applications as well as 

programs that could be used on a smartphone such as web portals.  

Non-patient facing applications, research protocols, studies that did not measure clinical outcomes and studies 

that reported purely application feasibility were excluded.  

Studies were selected by one of the investigators (JO) and confirmed by the second investigator (AA). The 

papers identified in the search were analysed using the following questions: Does the study address the research 
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question, were the study methods valid in a generic oncology setting and are the results applicable to patients 

with cancer looked after in a clinical (vs research) setting. 

Search terms were applied to Pubmed, Embase, Cochrane library and a national registry of trials 

(ClinicalTrials.gov).  

No funding was received for the undertaking of the review.  

 

 
RESULTS  

 

Identified studies 

The search found 139 abstracts, of which 17 fulfilled inclusion and exclusion criteria (Figure 1). Eighty-four 

studies initially identified did not meet the inclusion criteria as they did not measure a patient related outcome or 

were not for direct patient use. 

The Cochrane Library identified a number of systematic reviews of mobile Health applications but none in the 

context of cancer care. The national database of clinical trials (ClinicalTrial.Gov) identified 72 trials, 20 of these 

were marked as ‘completed’ and two had published results in the peer reviewed literature (19,20).  

17 studies met inclusion and exclusion criteria. Sample sizes varied from 12 to 2352 patients with a median of 

130 patients. 11 of the studies had less than 100 participants.  Ten of the studies were randomised controlled 

trials using usual care as their comparator. Patients with breast cancer were the patient group most commonly 

targeted (6 studies) (Table 1-3).  Studies examined effects of custom built smart phone applications and internet 

portals as swell as existing messaging services (21) and patient portals (22).  

 

 

Interventions delivered through mHealth applications 

Interventions that were delivered in the studies fell into broad categories: 1. Delivery of information/education 

in a digital format (23–25), 2. provision of life style interventions such as mindfulness(19), exercise (26,27) or 

consumption of vegetables (28) and 3. symptom scores ranging from pain (23) to psychological symptoms of 

Post-traumatic Stress Disorder (PTSD) (24) and usually linked to a healthcare professional for escalation (29).  

One study looking at detection of lung cancer relapse, allowed patients to access follow-up and imaging sooner 

if concern was raised from reported symptoms (30). 

 

Reported outcomes 

As per our inclusion criteria, only apps which measured a patient related outcome were included (Table 2):  
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Patient symptoms: Outcomes were heterogenous, largely focusing on symptoms related to cancer and reporting 

severity, distress or quality of life impact related to specific symptoms. Quality of life measures included disease 

specific (27) or generic (31) tools.  

The main positive clinical outcome from usage of mHealth applications was significant improvement in pain 

intensity, pain interference and consequentially quality of life (23),  nausea, fatigue, urinary symptoms and 

emotional functioning (32), fewer days of moderate-severe neuropathic symptoms, distress and activity 

interference (23), reduction  in Post-Traumatic Stress Disorder symptoms (24), reductions in distress (33) and 

less severe neuropathic pain compared to usual care (34) at scheduled outpatient visits. Physical activity 

improved in two studies (20,28).   As a caveat: In several studies symptoms were more common in the 

intervention group (29,33,35).  

Treatment toxicity: A Mexican study established a correlation between reduction in day to day mobility and 

chemotherapy toxicity in geriatric cancer patients (26). Symptom scores could be used to optimise 

treatments(31).  

Mortality: One of the studies has subsequently published long-term follow-up data from using a symptom 

tracking application (31) about improved mortality in a research letter (36). The lack of detail makes evaluation 

of this publication challenging.  

Health-economic outcomes: These were not explicitly evaluated but outpatient appointments and readmissions 

to hospital provide some surrogate outcomes for financial impact (22,29,31) with one study  quoting higher 

(22)and one lower hospitalisation rates (31).  

Adverse effects: Adverse effects from using the applications were reported in two studies: Higher readmission 

rates in a study of an existing provider portal (22) and increased anxiety and distress levels in an application 

with information about breast cancer (25). 

Others: A single study focused on the detection of cancer relapse in lung cancer survivors (30): The study 

looking at detection of lung cancer relapse using sentinel questionnaires. On average relapses were found five 

weeks earlier than planned follow up visit, there was a high sensitivity for detection in relapse, but the 

intervention did not identify a single relapse that was not also detected by sentinel follow up. 

 

Methodological considerations 

Studies had clearly documented inclusion criteria and methodology. All applications using symptom reporting 

used validated and peer reviewed scales. While ten of the studies were randomised, for obvious reasons none of 

them were blinded. Education status and familiarity with internet/mobile technology improved outcomes (31) in 

one study  but not in another (26).   



 67 

Patients used the interventions in varying amounts but little data were available on the ‘dosage’ of application 

usage. Increase usage might perceivably lead to improved outcomes. A ‘prescribed dose’ of intervention would 

facilitate evaluation but would be unrealistic as patients will experience symptoms in varying amounts and will 

therefore need their intervention in varying amounts (23). Some measure of compliance was included in most 

studies whereas acceptability was only formally assessed in three studies (Table 3). 

 

Applicability of results to patients undergoing routine oncology care 

Studies identified covered a wide range of ages and demonstrated that both young people and the older 

generation were comfortable using apps. Some of the used measurement tools referred to a specific malignancy 

and extrapolation of results does therefore need to be with caution. Variation in sample size means that results 

from studies with smaller patient groups might be context sensitive and not be applicable without further testing 

in other clinical settings.   

Whilst self-reported outcomes may be subject to some recall bias (28) many of the applications allowed for in 

the moment reporting (23,37) which is likely to have less recall bias than waiting to inform a medical 

practitioner in an out-patient or clinic setting.  

 

Safety aspects  

Several of the applications, described alert systems which informed a healthcare professional if further 

intervention was required, potentially improving patient safety and increasing communication between patient 

and healthcare providers. One application facilitated discussion between health care providers and patient by 

educating the patient on how best to communicate their concern prior to a clinic appointment (33). Response to 

new symptoms was at times delayed: In ‘SIST-net’ 74% percent of new symptoms reported by patients were 

addressed by a nurse practitioner in under three working days; this was below the pre-set target of 90% thus 

highlighting potential work-load implications and the need to put robust failsafe mechanism in place to follow 

up reported symptoms (29). 

 

DISCUSSION 

The authors have identified a small number of mHealth applications that have been examined in clinical studies 

with a randomized or non-randomized control group. Studies identified were aimed at a range of different 

cancers and age groups. Positive impact was largely limited to improved symptom control, but several studies 

reported increased symptoms. Data on other outcomes including health economic measures were limited.  
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Our search is limited by several factors: In patients with cancer changes in clinical status, morbidity and 

mortality can be expected within months but the sample size of most studies might have precluded significant 

numbers within the study duration. Only one of the studies examined impact on mortality (36), however since 

the longest study was only conducted for 12 months, there is at current lack of long-term data.  

Friends, family and other carers are often able to identify deviation from a patient’s normal status as a first step 

to facilitate calls for help. Only one study ‘pain buddy’ an avatar-based symptom dairy/pain management 

application invited a family member to also engage with the application, so this is a potentially a unique or 

underexplored feature (37).  

The majority of studies identified were randomized controlled trial. Given the fast pace of innovation in digital 

technology this might not be the best methodology to evaluate impact (38), Smartphone applications are only 

one of the new digital ways to provide care with smart watches (39,40) and telehealth (41,42) offering 

alternatives to traditional models of care.  

The reasons for the limited evidence for mHealth applications in cancer might be complex: mHealth 

applications are a relative new addition to the armamentarium of clinicians but safety implications are 

potentially considerable. The novelty means that principles of design and implementation are not as clear as 

those used for pharmacological interventions. Mobile applications for medical purposes require compliance with 

regulations and the obligation to updating information. A review of mHealth applications for patients with 

cancer in Spain found that only half had been developed by healthcare organisations (48). The potential lack of 

clinical input into the development might be one reasons for limited clinical impact despite the considerable 

promise of applications to monitor toxicity (26) or even adjust chemo-therapy drug dosing for safety impact 

(49).  

The present search identified registered trials that might help to further insights into the impact of mHealth 

interventions in the near future: eRAPID is a system for patients to ‘self-report and manage adverse events 

online during and after cancer treatment’. The platform has been developed with patients (43,44). Field testing 

has been completed (45) and the related randomized controlled trial is powered against symptom control but 

will include the number of hospital, primary care and community contacts.  

The eSMART trial will study an application for symptom management in a European multi-centre study to 

assist patients receiving chemotherapy for breast, colorectal or haematological cancer (46). PRISMS will 

attempt a similar intervention in an Australian trial of patients with haematological malignancies(47). 

Patients with cancer are in principle willing to embrace application assisted care (50): A survey of patients with 

prostate cancer found that out of 375 participants, about half were willing to use a cancer care assisted app and 

72% of these said data protection/pseudonymisation were important. A third of the participants who were not 

willing to use an application cited that secure data transfer and data storage were a concern. 
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While mHealth application open the possibility of round a clock care where e-alerts generated from the app can 

be monitored and acted upon by a member of the cancer specialist team. In practice out of hours services might 

not be robust enough to accommodate round the clock monitoring in many areas. Whilst the ability for 

applications to facilitate improved communication and red flag alerting with health services, care needs to be 

made to ensure patients understand the app is not a replacement for usual care but an adjunct (51).   

MHealth interventions work in part through changing communication patterns between patients and their care 

network. Randomized controlled trials might not be the most suitable way to test complex multi-faceted 

interventions that are difficult to blind. Studies using patient registries might provide alternative way to evaluate 

this type of intervention(52,53).  

 

CONCLUSIONS 

The CAT review was based on service consideration in the unit of the authors that provides care for patients in 

rural and remote areas in North Wales: This review found only a small number of studies measuring outcomes 

relevant to the PICO question despite a broad search string and multiple databases. Many of the screened studies 

looked exclusively at the design, feasibility and acceptance of mobile health applications but there was a 

significant lack of evidence for the efficacy of utilizing patient facing applications to improve clinically relevant 

outcomes. More in-depth studies are needed with larger cohorts to fully evaluate the impact of applications to 

improve patient outcomes.  
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Figure 1: PRISMA Flow Diagram of literature search  
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Table 1: Studies on mHealth applications for patients with cancer 

Author (Year) Country Type of application Number of 

patients 

Study Design  Comparator 

group 

Patient activity  Application function 

Aljabri D 

(2018) 

USA Internet portal 2352 patients Retrospective cohort 

study 

Non-adopters Not reported Access to clinical 

records 

Basch E (2015) USA Internet portal or 

kiosk in hospital  

766 patients; 

441 

intervention, 

325 control 

Randomized Usual Care  Symptom-

checker: 

Chemotherapy 

related symptoms 

Alert: e-mail to nurses 

for significant or 

worsening patient-

reported symptoms 

Berry D (2015) USA Internet portal 752 patients; 

256 

intervention 

group, 261 

control group 

Randomized  Usual care  Symptom-checker 

& quality of 

questionnaires 

Education: Information 

about symptoms and 

reporting 

Denis F (2014) France Mobile application  42 patients Cohort study  Clinic 

appointment  

Symptom-checker Alert: of oncologist 

Foley N (2016) Ireland  Mobile application  39 patients; 13 

intervention 

group; 26 

control group  

Randomized  Standard leaflets None Education: Information 

about breast cancer 

Fortier M 

(2016) 

USA Mobile application  12 patients Pilot study  n.a. Symptom-

checker: Avatar 

interaction on 

reporting of pain 

Education: Link to 

information 

Alert 

Golsteijn RHJ  

(2018) 

Netherlan

ds 

Internet portal  478 patients; 

249 

intervention, 

229 control 

Randomized  Waiting list 

controlled  

Life-style: 

Exercise data  

Education: Exercise 

advice  

Jibb LA (2017) Canada  Mobile application  40 patients Cohort study  n.a. Symptom 

checker: Pain 

measured by 

questionnaire  

Education: Link to 

information  

Kanera I (2017) Netherlan

ds 

Internet portal 462 patients; 

231 

intervention 

group, 231 

control group 

Randomized  Usual care  Life-style: 

Physical activity 

& vegetable 

intake measured 

by questionnaires 

Education: Link to 

educational content  

Kolb NA 

(2018) 

USA Automated telephone 

system 

252 patients; 

121 

intervention 

Randomized  Usual care  Symptom-checker Education: Self-care 

strategies  

Alert: nurse practitioner 
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group, 131 

control group 

review 

Rosen KD 

(2018) 

USA Mobile application 112 patients; 

57 

intervention, 

55 control 

Randomized  Waiting list 

controlled  

Education: 12-

week mindfulness 

course  

 

Smith SK 

(2016) 

USA Mobile application  31 patients Cohort study  Baseline  Symptom-

checker: PTSD 

measured by 

questions  

Education: Link to 

information  

Soto-Pere-De-

Celis E (2018) 

Mexico Mobile application  40 patients Cohort study  Baseline  Life-style: 

Mobility 

measured by 

accelerometer 

Alert: Phone call to 

smartphone for review 

of toxicity  

Sundberg K 

(2017) 

Sweden Mobile application  130 patients; 

66 

intervention 

group, 64 

control group 

Non-randomized 

controlled study 

Historic control 

group 

Symptom-

checker: 

Psychological 

distress measured 

by questionnaire 

Alert: Oncology nurse  

Uhm K (2017) Korea  Mobile application  356 patients; 

179 

intervention 

group, 177 

control group 

Randomized  Exercise 

brochure 

Life-style: 

Pedometer 

measuring 

activity 

Education: Goal setting 

for physical activity  

Wheelock A 

(2014) 

USA Internet portal 100 patients; 

59 

intervention 

group, 41 

control group 

Randomized  Usual care  Symptom-

checker: 

Depression & 

quality of life 

measured by 

questionnaires 

Alert: Review by 

oncology nurse  

Zou Q (2018) China Telephone chat 

application 

426 patients; 

251 

intervention, 

175 control 

Randomized Usual care Symptom-

checker: Anxiety, 

pain & 

satisfaction 

measured by 

questionnaires 

Contact with oncology 

team 
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Table 2: Functionality of applications, inclusion criteria, outcome measures and results of studies testing 

mHealth applications for patients with cancer 
 

Author 

(Year) 

Name & 

function of 

application  Inclusion criteria 

Outcome 

measures  Results  

Aljabri D 

(2018) 

Existing patient 

portal 

 

 

 

 

 

 

 

 

 

Adult patient 

admitted to 

hospital with 

cancer 

as a primary or 

secondary 

diagnosis 

 

Provider-

reported, in-

hospital adverse 

event; post-

discharge 

emergency 

department 

visits and 

unplanned 

readmissions 

within 30 days; 

satisfaction by 

Hospital 

Consumer 

Assessment of 

Healthcare 

Providers and 

Systems 

(HCAHPS) 

survey. 

Increased readmission 

rates amongst active 

adaptors of the patient 

portal.  

Self-management 

knowledge scores were 

higher among adopters vs 

nonadopters (univariate 

analyses only) 

Basch E 

(2018) 

STAR 

(Symptom 

Tracking and 

Reporting) 

Web-based 

interface for 

self-reporting of 

common 

symptoms 

associated with 

cancer 

treatment 

 

Patients with 

metastatic breast, 

genitourinary, 

gynecologic, 

or lung cancers 

receiving 

chemotherapy 

stratified for 

experience with 

computers 

Health related 

quality of life 

(HRQL 

measured by 

EQ-5D); 

emergency room 

visits, 

hospitalizations, 

survival. 

 

Patient in the intervention 

group experienced less 

decline of HRQL less 

frequent admissions to the 

emergency room, less 

hospitalisation and 

remained on 

chemotherapy longer. 

Effects on HRQL limited 

to computer experienced 

subgroup. 

Berry D 

(2015) 

Self-reported 

online 

assessment of 

cancer 

symptoms: 

Application 

facilitated 

patient self -

monitored 

symptoms, 

education and 

coaching on 

how to report 

worries to 

clinicians.  

Adult patients, any 

type of cancer or 

stage, about to 

start a new 

treatment for 

cancer.  

 

 

 

Symptom 

distress 

 

 

 

 

 

Fatigue, pain and physical 

function issues were 

reported significantly 

more often by patients in 

the intervention group. 

 

 

 

Denis F 

(2014) 

Sentinel follow 

up 

questionnaire. 

Lung cancer 

patients after 

undergone surgical 

Compliance, 

easiness, anxiety 

and 

Relapse detection was on 

average 5 weeks earlier 

using sentinel follow up.  
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Email alert sent 

to oncologist if 

patient reports 

red flag 

symptoms. 

 

excision, complete 

response or 

detectable but non-

progressive lung 

cancer.  

performances of 

web-application 

for detecting 

cancer 

relapse 

Reported better 

relationship with 

oncologist and reduced 

anxiety about follow up.  

 

Foley N 

(2016) 

Application 

containing basic 

aetiology of 

breast cancer, 

treatment and 

surgical 

intervention 

information. 

Female adult pre-

operative patients 

with breast cancer 

 

 

Anxiety and 

depression 

scores prior and 

post intervention 

 

Higher anxiety levels in 

intervention groups. 

 

 

Fortier M 

(2016) 

Pain-buddy 

Avatar guided 

tablet 

application 

including a 

symptom diary, 

communication 

tool and coping 

strategies for 

symptom 

management. 

Triggers to 

health care 

providers for 

severe 

symptoms. 

Paediatric patients 

aged 8-18, 

diagnosed with 

cancer, undergoing 

outpatient cancer 

treatment. One 

parent/guardian 

also invited to 

participate. No 

cognitive or 

developmental 

delay.  

Feasibility, 

symptom 

frequency and 

compliance 

  

Symptom were reported 

and recommended coping 

strategies utilised. Only 

4% of symptoms would 

have triggered an alert to 

health care professionals, 

most of these for pain. 

Good compliance and user 

satisfaction.  

Golsteijn 

RHJ  

(2018) 

OncoActive 

Computer-

tailored 

physicial 

activity 

program 

Providing 

personalised 

feedback with 

printed 

materials. 

Patients and 

survivors with 

prostate and 

colorectal 

cancer from 17 

hospitals 

throughout the 

Netherlands 

Questionnaires 

for self-reported 

physical 

activity, fatigue, 

distress and 

quality of life. 

Actigraph for 

measurement of 

activity 

Participants in the 

intervention group 

increased self-reported 

activity and improved 

physical functioning, 

fatigue and depression at 

six months.  

Jibb LA 

(2017) 

Pain squad+ 

22 item 

questionnaire to 

assess pain. 

Real time 

reporting. 

Patients were 

contacted if 

they reported 

frequent pain 

and information 

was available 

form the 

application on 

how best to 

manage the 

Patients aged 12-

28, undergoing 

cancer treatment, 

at least 2 months 

from diagnosis. 

Patients reported 

pain of 3/10 at 

least once in week 

prior to 

recruitment.  

 

 

Primary: 

feasibility; 

Secondary: 

effectiveness: 

pain intensity, 

pain 

interference, 

health related 

quality of life, 

self-efficacy 

 

 

  

Improvements in pain 

intensity and Health 

related quality of life. 

Satisfactory acceptability 

with good adherence by 

those who completed 

study.  
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pain.  

Kanera I 

(2017) 

Web-based self-

reporting 

questionnaires 

and modules 

providing 

education about 

diet, smoking 

cessation, 

physical 

activity, 

anxiety, 

depression and 

fatigue.  

 

Adult patients who 

had completed 

primary cancer 

treatment at least 4 

weeks prior. 

Patients with 

recurrent cancer, 

severe medical, 

psychiatric or 

cognitive diseases 

excluded.  

Physical 

activity, 

vegetable 

consumption 

 

 

 

 

 

Sustained Increase in 

physical activity in 

intervention group. 

Increased vegetable 

consumption in 

intervention group, but 

results not sustained to 12 

months.  

 

 

 

Kolb NA 

(2018) 

SymptomCare

@Home 

Daily symptom 

monitoring by 

telephone. 

Intervention 

group with 

automated 

telephone 

delivered self-

care strategies 

and alert of 

nurse 

practitioner for 

poor symptom 

control. 

Patients beginning 

chemotherapy with 

taxane/platinum 

therapies as a part 

of a larger trial. 

Severity, 

distress and 

impact on 

activity of 

neuropathic pain 

 

 

 

 

Patients in the 

intervention group had 

significantly fewer days 

with moderate and severe 

symptoms, fewer days of 

symptom distress and a 

trend towards less activity 

interference. 

Rosen KD 

(2018) 

Headspace 

Commercially 

available 

mindfulness 

application 

 

 

 

 

Women aged 25 or 

more within 5 

years post breast 

cancer diagnosis  

Functional 

Assessment of 

Cancer Therapy 

– Breast (FACT-

B), mindfulness, 

and pain 

assessments at 

baseline, during 

8 week 

intervention and 

at 12 weeks. 

 

Participants in the 

intervention group 

reported higher quality of 

life with FACT-B and 

higher dispositional 

mindfulness. 

Sundberg 

K (2017) 

Interaktor 

 Symptom 

questionnaire 

focusing on 

frequency and 

distress level, 

responses 

triggered red or 

yellow alerts to 

an oncology 

nurse.  

Adults with 

localised prostate 

cancer, eligible for 

curative 

radiotherapy, 

considered 

physically, 

psychologically 

and cognitively fit 

enough to take 

part. 

Symptoms and 

health related 

quality of life  

 

 

 

 

No difference within 

groups in symptoms over 

time but improvements 

between intervention and 

control group. In control 

group after radiotherapy 

worse emotional 

functioning with more 

fatigue, nausea, insomnia 

and urinary symptoms.  

Smith SK 

(2016) 

Cancer distress 

coach 

Lymphoma, breast 

or prostate cancer 

PTSD 

symptoms, 

The majority of patients 

found application helpful. 
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 PTSD 

symptom 

checker with 

advice on 

managing 

symptoms and 

information on 

reliable sources 

of support 

patients, 19 years 

or older, active 

PTSD symptoms 

 

 

distress, self-

efficacy, 

feasibility, 

acceptability and 

perceived 

usefulness. 

 

Statistically significant 

reduction is PCL-S score 

for PTSD symptoms after 

using the app. No change 

in self efficacy. 

 

Soto-Pere-

De-Celis E 

(2018) 

Accelerometer 

& application 

Remote 

monitoring of 

daily steps, 

before and 

during 

chemotherapy, 

with a trigger of 

> 15% drop in 

baseline activity 

as an indicator 

of potential 

chemo toxicity.  

Patients aged > 65 

years, any solid 

cancer, 

chemotherapy as 

first line in either 

metastatic or 

recurrent cancer.  

 

 

 

Primary: 

feasibility; 

Secondary: 

association of 

level of activity 

with grade of 

chemotherapy 

toxicity 

 

 

 

High acceptability of 

application to patients 

despite limited interaction 

with mobile technology 

and low educational 

status. Association of low 

step counts with grade 3 

toxicity.  

 

 

Sundberg 

K (2017) 

Interaktor 

 Symptom 

questionnaire 

focusing on 

frequency and 

distress level, 

responses 

triggered red or 

yellow alerts to 

an oncology 

nurse.  

Adults with 

localised prostate 

cancer, eligible for 

curative 

radiotherapy, 

considered 

physically, 

psychologically 

and cognitively fit 

enough to take 

part. 

Symptoms and 

health related 

quality of life  

 

 

 

 

No difference within 

groups in symptoms over 

time but improvements 

between intervention and 

control group. In control 

group after radiotherapy 

worse emotional 

functioning with more 

fatigue, nausea, insomnia 

and urinary symptoms.  

Uhm K 

(2017) 

Pedometer and 

smartphone app 

which 

monitored a 

prescribed 12-

week exercise 

programme. 

Quality of life 

assess at 

baseline and 12 

week. 

 

Histologically 

confirmed breast 

cancer, age 20 to 

70 years, 

completion of 

primary cancer 

treatment 

including surgery, 

chemotherapy, 

and/or 

radiotherapy. 

Activity 

measurements, 

self-reported 

physical 

activity, quality 

of life  

 

 

 

Physical function, 

physical activity, and 

Quality of Life scores 

were equally improved in 

both groups.   

 

 

 

Wheelock 

A (2014) 

SIS - NET  

Three-monthly 

web-based self-

reported 

symptoms. 

Remote 

assessment by a 

nurse 

practitioner.  

 

 

Patients with 

breast cancer after 

completion of 

acute treatment or 

any clinical trial 

adjuvant treatment 

(6 months post 

chemo, 3 months 

post hormonal 

therapy or surgery) 

 

Time between 

symptom 

reporting and 

evaluation by 

healthcare 

professional, 

use of healthcare 

resources. 

 

 

 

Only 74% of symptoms 

addressed within less than 

3 days.  

Significantly more 

symptoms reported by 

patients in intervention 

group. No difference in 

oncology-related 

appointments, physician 

visits or medical tests. 



 83 

Zou Q 

(2018) 

Telephone and 

WeChat 

application 

Symptomatic 

adults with uterine 

myoma  

  

Hamilton 

Anxiety Scale 

before and after 

treatment, 

Visual Analogue 

Scale for pain 

during first 24 

hours after 

treatment. 

Patients in the 

intervention group had 

less preoperative and 

postoperative anxiety, less 

postoperative pain, and 

higher 

treatment satisfaction. 
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ABSTRACT 

Personal health records (PHR) are thought to offer benefits and are promoted by health policy 

makers and some healthcare systems. Evidence for usage by patients in hospital is limited. 

This article reports a one-day workshop hosted by the Royal College of Physicians (RCP) that 

considered the evidence of the value to patients and others, the challenges to adoption and use 

and of PHR and sought identify the practical and research questions that need to be answered.  

The purpose of this article is to provide readers with an overview of the issues and possible 

future for hospital application of PHRs in the United Kingdom’s National Health Service, 

especially for supporting self-care, family carers and advancing Person-Centred Care. It aims 

to share the experience and ideas of those taking part in the workshop and reference resources 

that we have found useful while highlighting areas for future research.   

 

KEYWORDS 

Personal health Record, hospital, person-centred care 
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INTRODUCTION  

Patient health records (PHR) are “... a digital tool that helps people to maintain their health 

and manage their care. It may do this by enabling them to capture their own health and care 

data, to communicate with health and care services, and/or to have access to their care record” 

(1).  

Additionally PHRs can be used for functions such as making appointments in primary care or 

specialty clinics, providing access to tests, collection of patient feedback such as patient 

related outcomes measures (PROMs), and reminders to patients and their care team.  

 

It is National Health Service (NHS) policy to make available “personalized healthcare” by 

2020 (2). Previous research by the Royal College of Physicians (RCP) on PHRs created a 

“landscape review” and a report about user insights(1,3). This brought together the available 

evidence from the United Kingdom on the use of Personal Health Records. Dissemination of 

PHR was almost exclusively in primary care and outpatient care. Results are often not 

reported widely but some implementation and benefits have been described in areas of 

primary care, in the care of patients with inflammatory bowel disease (4–6) and for patients 

with prostate cancer(7).  

 

PHR can be a) part of an integrated health care systems such as Kaiser Permanente (8) or b) 

linked to single systems in primary care, outpatient care or single disease management or c) 

be a stand-alone depository of information of the patient. PHR serve a variety of purposes:  

• They are used to empower patients by making information about their condition and 

materials in relation to that condition available to them.  

• They allow patients to record and track symptoms over time, supporting their ability 

to identify triggers for symptoms and how they can be managed. This information can 

also be used by healthcare professionals to support the patient, 

• They can serve as an online portal for health care specific services that supplement or 

displace physical encounters with healthcare professionals.  

• They can be used as a marketing advantage in healthcare systems with competing 

healthcare providers.  

• They can act as an additional source of data for healthcare providers to fine tune 

services, develop predictive algorithms and conduct health service research.  

PHRs have been introduced in a number of healthcare systems: In Sweden patients have 

access to a patient portal containing a PHR in all regions since 2017(9). In the US Kaiser 
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(8,10) has also made a patient portal available to all its patients. In Europe Estonia (11) has 

probably the highest uptake with 95% of all health information digitalized and patients able to 

log into their own record. Sweden(12) has made some progress using regional patient portals 

and registries of patients with chronic health condition. Germany has seen attempts by 

insurance companies to introduce patient portals. France has an agreed standard for patient 

access but uptake has been low(13).  

 

There is currently little published evidence on use or impact of PHRs by hospital patients or 

staff, before during or after a hospital encounter. This is despite the fact that a number of 

providers offer functionality in their electronic health records (HER).  

 

UK context  

In 2014 the UK Coalition government published ‘Personalised Health & Care 2020’ (14) with 

the ‘ambition [..] for a health and care system that enables people to make healthier choices, 

to be more resilient, to deal more effectively with illness and disability when it arises, and to 

have happier, longer lives in old age.’ The document makes proposals for better access to 

digital information for health care professionals, service transparency, innovation and 

industry growth, and to help patients to ‘Enable me to make the right health and care 

choices”. In the same year the Five Year Forward View (15) was published and gave a 

framework for action to use digital technology to “shift power to patients and citizens, 

strengthen communities, improve health and wellbeing and, as a by-product, help moderate 

rising demands on the NHS.”  

 

In the UK development of PHRs for patients admitted to hospitals has been limited. A few 

systems exist and are under development for certain patient groups in the community and in 

hospital:   

PatientView (16) is a system for renal patients to manage and monitor their condition through 

access to laboratory tests, clinic letters and list of medications, diagnosis and other treatments. 

Patients can set up alerts, monitor symptoms, download their records, share their information 

with others and are given limited access to their hospital EHR. 

A personal child health record(https://www.eredbook.org.uk/ (17)) is under development 

which could give primary and secondary care teams the ability to access and provide 

information on a child’s health, growth and development. This record will accessible by the 

child’s parent or guardian for children under a certain age. 

https://www.eredbook.org.uk/
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Work is under way to develop an electronic smart prototype of current paper records: the “All 

Wales pregnancy Health record” in Powys (Personal Communication, Marie Lewis) that is 

intended to serve as a PHR for women in community and hospital.  

 

Overall, developing local- or condition- specific PHRs could facilitate patient testing and 

provide a number of functions and services and be useful to both patients and clinicians. The 

disadvantage of local PHRs not linked to a wider NHS system and possibly not accessible 

outside of a locality is that it does not promote the “seamless care” advantages of PHRs. 

Local system are however much easier and faster to develop. 

 

Little research or commentary has been published about PHR use by hospital patients and 

staff: The purpose of this paper is to provide a background and resources to those considering 

or developing PHRs in the context of admissions to hospital. It reports issues discussed and 

possible ways forward at a workshop hosted by the Royal College of Physicians. 

 

METHODS 

The workshop at the RCP was attended by four patient representatives, five health informatics 

specialists, four health service researchers and two practicing physicians and two health 

informatics specialists with clinical background. 

The workshop was opened by Professor Ovretveit from the Karolinska Institute in Stockholm 

with an international overview of PHR experience, evidence and options for hospitals. Health 

service research experts then reported on existing knowledge from the United Kingdom. 

Participants examined use cases around typical patient journeys in four groups with each 

group having input from a patient representative, a person with a clinical background, a health 

informatics specialist and a health service researcher. After a final discussion Professor 

Jeremy Wyatt summarized learning from the workshop.  

Definitions are summarised in Appendix A. 

 

RESULTS  

PHR USE BY HOSPITAL PATIENTS AND STAFF – GENERAL CONSIDERATIONS  

The usage of PHRs can usefully be conceptualized in relation to planned and unplanned 

admissions over the three phases of pre-, during and post- admission. 
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Elective / planned admissions 

Pre-admission: a significant proportion of hospital activity consists of planned procedures. 

Using a PHR, patients could access information and write notes that can contribute to a safe 

performance of the procedure.  Ideally some help or support can be given to enable patients to 

become familiar with the system so that they do not later need to learn it during or post-

admission. 

During admission: with access to a PHR in hospital, a patient could use checklists (based  on 

procedure standards and guidelines) to give their records and comments on performance and 

aftercare which could provide alerts to staff about possible complications and also provide a 

record for any retrospective assessments.  

Post-admission: Aftercare could equally be documented in the PHR and shared with care 

teams in the community or the patients’ home.  

 

Unplanned / Emergency admissions  

Prior to admission: For unplanned emergency admissions to hospital patients using PHRs 

could enter information that could speed up the admission-process and provide patients 

views’ of what is important to them. Given that an increasing number of patients suffer with 

chronic health care conditions up to date information about these condition could be held in 

PHRs. 10-15% of admissions to UK hospital departments are readmissions. In these patients 

information in PHRs from the time after a previous discharge might inform care at the time of 

readmission and enable patients and their clinicians to learn about the prevention of future 

admissions.  

 

During emergency admissions: PHRs could help to reconcile medication schedules, give 

information about newly diagnosed conditions and contain schedules for investigations or 

appointments with clinical teams. PHRs could facilitate monitoring or pain and other patient 

centered outcome measures. This could be shared with clinical teams to inform responsive 

care. In time, automated systems could identify discrepancies between patient-recorded 

information and EHR data such as medications or allergies. 

After an emergency admission: PHR could facilitate transfers of care back to community 

teams.  
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Benefits for patients 

Potential benefits of PHRs along the patient journey in and out of hospital are better 

information, efficiency and health literacy and activation of patients. This could free more 

time for clinicians to focus on complex issues that require detailed discussions with patients 

and their families (Table 1). 

 

Benefits to staff 

PHRs should ideally contain the type of information that is safety critical for the treatment of 

patients: medications, allergies, and co-existing healthcare conditions. This information is of 

great importance for hospital staff, but often already available through access to records from 

primary care. Feedback from patients through PHRs could guide treatment of symptoms (e.g. 

pain) or quality improvement of hospitals. However, research shows that staff often do not 

check existing data in EHRs and whether they would also consider the PHR data would 

depend in part on how user-friendly the system is. There may be a role for automated 

comparison of PHR and HER (Table 1). 

 

Limitations: How much is too much?  

The amount of data that patients might want to access might be different from the amount that 

they are able to use in a meaningful way for their own healthcare. PHR will face the challenge 

to find the balance between ‘too much’ and ‘too little’ data, which calls for co-design of the 

system with patients and then sensitivity to patients’ particular needs at the time.  

As PHRs spread, challenges will arise around those who are less able or less willing to use 

these systems. Challenges are comparable with the changes in the banking sector where fewer 

branches are now available to offer face to face service: This has posed particular difficulties 

for some elderly patients with limited IT and eHealth literacy. At the same time these 

challenges have led to better design and more usable formats of online banking as well as 

spread of usage from “digital natives” to the broader population.    

 

Equitable access and the “digital divide” 

If there are challenges for some patient groups to use PHRs this could lead to inequities if 

sufficient support is not provided and design is not user-friendly. Some patients might have 

significantly more opportunities to participate in their own healthcare and this could drive 

commissioning and funding decisions with more resources allocated to areas with high 
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engagement and visibility of need or less resources allocated as patients become more self-

sufficient.  

 

Integration of PHR to EPR  

Hospitals throughout the UK are at current installing Electronic Patient Records (EPR) from a 

range of providers and with variable functionalities. Some systems are limited to bedside 

documentation whereas others provide the option of a ‘paperless’ hospital. Integration of 

NHS IT systems has previously been attempted but abandoned after an estimated  bill of 10 

billion pounds (22). Integration between multiple providers or PHRs and EPRs might 

therefore be challenging. Many EPR providers have also been reluctant to allow other 

programs to write into the EPR or access data from it for other applications. For easy access 

or presentation of key items in EPR standard definitions for data fields are needed and 

providers need to cooperate to allow devices to talk to each other. Otherwise duplication will 

lead to errors and inefficiencies. In the USA the main EHR vendors offer patient portals to 

add to the EHR system providing a PHR within this system, but the cost of adding and 

maintaining this can be high. 

 

 Safety  

There are widespread concerns about data and system safety of information technology in 

healthcare with patients worried about confidentiality (3) and health care professionals 

worried about correctness of data (23).  In order to allow patients secure access to their data a 

process of identity verification is needed to register and log-in. This requires a reliable 

verification procedure by healthcare staff and will affect ease of access for patients and the 

cost of  implementation to hospitals. Biometrics (eg face recognition) may be one method that 

can be included in time to enable fast access. 

 

Cost 

The price of implementation of PHRs in hospital will depend the on the price of purchasing, 

implementing and maintaining the PHR as well as costs associated with training of staff and 

patients and any potential costs/savings arising from implementation. While a PHR might be 

a competitive advantage to attract customers to health service providers in the US this is less 

likely to be relevant to the UK market. It is possible that the control of the records by patients 

leads to a more focused pathway with earlier diagnosis, earlier treatment and earlier 

discharge. Equally better information for patients and health care professionals may lead to 
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more diagnostic procedures, treatments and cost which may or may not be appropriate. While 

there is some evidence about the impact of PHRs on patient activation in the community, 

there is no data to inform this debate for patients admitted to hospital.  

 

Conditions for spread 

Participants of the workshop felt that conditions for spread would include the following 

considerations: 

Participants felt that patients would appreciate the ability to model on peers as demonstrated 

in the network ‘PatientsLikeMe’(24): To witness patients or patient testimonies from patients 

with comparable conditions or pathways using a PHR could facilitate uptake and spread. 

Participants were worried that PHR should augment and not replace human touch and 

capabilities: Information about a condition or patient questionnaires about concerns and pain 

can be made available prior a personal conversation and facilitate a focus on complex and 

difficult questions. Personal contact, the ability to examine a patient physically, or to hold a 

hand if a patient is sad or anxious are key to a trusting relationship between patients and 

healthcare professionals.  

Participants suggested the need for a compelling value proposition that would convince 

patients and clinicians to start using PHRs: PHRs can be used for a large number of functions. 

Many of these functions can be undertaken without a PHR. Many PHRs don’t have a function 

that is unique and at the centre of patient’s and health care professionals’ interests and thus so 

compelling that the usage would become a ‘must’.   

Participants were concerned about the need for special assistance/design for the less ehealth 

literate to avoid inequalities: While smart applications and programs often require little 

training (and therefore staffing cost) for those who are not computer literate Digital Inclusion 

Officers have been used to facilitate access (25). In many other industries online portals have 

replaced face to face interaction with customers. Energy telephone and insurance companies, 

banks and post-offices have all resolved to conduct much of their business transactions 

online. As this process has taken part applications have become easier to use and customer 

friendly. Nevertheless a significant number of users are unable to access online resources and 

have been marginalized in the process.  

 

Review of use case scenarios  
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Participants discussed five use-cases of hypothetical patients admitted to hospital (table 2): 

One patient was admitted for elective prostate surgery, one had a semi-elective admission for 

a renal transplant, and three patients had emergency admissions for chest pain, diabetic 

ketoacidosis and pneumonia with delirium. It was assumed that an ideal PHR/EPR should be 

usable in a meaningful way by 80% of more patients of a given patient group. 

Participants charted how an PHR/EPR could support a patient to 

a) become more informed about their health condition (including their safety) and receive 

care in a way they would like to,  

b) enable them to do more to care for themselves,  

c) make a comment useful to care providers (e.g. incorrect information, most troubling 

symptoms)? 

Participants considered the likelihood of these patients being able to interact with the PHR, 

factors which might hinder patient access to their PHR and impact of access on conversations 

between this patient and clinicians? 

Key points from the discussions were about the need to use PHRs as an extension of human 

abilities and not a replacement:  

• The establishment of relationships between clinicians and patients requires trust and this 

if often helped by personal conversations with the advantage of body language and eye-

contact.  

• In order to make PHR attractive for patients, clinicians and providers will need to add 

functionality that is ‘game changing’. Game changing functionalities might include the 

ability for patients to  

o support clinicians with entry of information into records and to sense check 

information about them. This could include most details of the past-medical 

history, etc. but also pain, stool or fluid charts. 

o guide patient led discharges based on pre-defined advisory criteria.  

o ‘dial-up’ follow-up appointments. 

One of the themes of the discussion was the interaction with frail, elderly and possibly 

demented patients. The group felt that many might not be able to actively use a PHR. On the 

other hand side a PHR with a ‘share’ function that would allow patients to delegate some or 

all information to friends or family might be really useful for these patients. The function 

could allow insight into progress of the patient in hospital as well as reminders for follow-up 

clinics, allergies and medication lists.  
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A key concern of patients is to predict when they can go home and whether they will cope 

after an acute illness. The participants discussed whether a PHR could support patient 

centered care by asking ‘What would help get you home?’ and prompt sharing of concerns by 

patients early on in the course of their admission.    

 

 

 

DISCUSSION 

A key question is ‘Are the benefits worth the costs?’ to the different stakeholders and this in 

part depend which system is used, and how easy it is to learn, use and for the hospital to 

implement. What is clear is that digital health is not disappearing and more patients and staff 

expect the convenience and ease of use of such systems: a key strategic question for providers 

is hence whether to wait until better systems are develop or to start now.  

 

The present workshop and research suggests that possible benefits of PHRs are better 

information flow supporting healthcare professionals and more ‘activated’ patients. Patients 

and their next of kin or carer rather than patients alone could be viewed as ‘the unit of 

intervention’ for PHRs. Data safety and patient’s variable preferences and ability to 

participate in care delivered with PHRs are significant concerns. Co-production of tools and 

services might alleviate some of these concerns and optimize the benefits of PHRs for 

patients in hospitals. 

 

PHR have the potential to enhance and possibly transform the experience of patients prior, 

during and after hospitalization. There is limited evidence for clinical impact of PHRs usage 

in primary care and chronic disease management and virtually none for inpatient usage.  

Patient held records in hospital are at best a complete change in the way that we 

deliver health care by enabling patients to become equal partner and control their own 

data. At worst patient held records may increase the amount of information for 

patients and clinicians without any added value or confusing matters, or may 

disadvantage less computer/internet literate patients. PHR ultimate could be a part of 

a ‘Learning Healthcare System’, defined by the Institute of Medicine (IoM) [9], as a 

system in which, “science, informatics, incentives, and culture are aligned for 

continuous improvement and innovation, with best practices seamlessly embedded in 
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the delivery process and new knowledge captured as an integral byproduct of the 

delivery experience. “ 

 

The workshop raised a number of questions about the usage of PHRs. In order to learn 

from existing usage of PHRs is would be useful to examine  

(1) What is the current spread of PHR in UK hospitals 

(2) How many inpatients are already using what online information in PHRs that were set 

up for outpatient consultations or usage in primary care. 

The participants from the workshop raised questions that will require further research: 

(1) What are the conditions in relation to patients, services and infra-structure for a 

successful (‘meaningful’) implementation of PHRs in hospital? 

(2) How much training / coaching/ digital liaison officers / navigators are needed to 

facilitate introduction in hospital practice?   

(3) What are the measurable impacts of introduction of PHRs on patient experience, 

clinical outcomes and resource utilization? 
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Table 1 – Key projected benefits and costs of personal health records for use in 

hospital 

 Benefits  Costs (time or money) 

Patients • Engaging with care 

• Ability to raise questions 

more directly  

• Information on what patients 

want to know about their 

health  

• Empowering to ask 

questions 

• Understanding more  

• Drug reconciliation 

• Prediction of future events 

• Hardware costs 

• Time of training 

• Investment into inter-

operability 

• Privacy, security 

• Utility of data collected 

• Anxiety about extra 

information, borderline 

abnormal tests 

Clinicians  • Comprehensive overview of 

patients journey 

• Up-to-date allergies and 

medication lists 

• Catching errors early 

• Prediction of future events 

• Not needing to repeat 

message to relatives  

• Potential for gaining 

efficiencies  

• Time to write things down in 

an understandable way 

• Time to explain to patients 

additional questions 

• Potential for loosing 

efficiencies  

Others  • Community services: 

Physio-therapists, 

pharmacy: seamless 

information transfer  

 

• Inequalities: not every patient 

can use / needs/ understands 

PHR 

• Upfront investment into infra-

structure  
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Table 2: Use cases to examine opportunities and barriers for Personal Health Records in 

the context of hospital admissions 
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APPENDIX 1: DEFINITONS   

 

‘Patient health record’ is often used as a generic term referring to a range of different systems 

providing different functions offered by different providers and occasionally is used to refer to a 

specific system. In this paper we define these terms as follows: 

Personal health record (PHR): is owned and controlled by the individual patient (or proxy), and may 

have information that is not contained in a medical record. It is used for managing health information, 

promoting health maintenance, and assisting with chronic disease management. Common e-health 

tools focus on health information, behavior change/prevention, and self-management.  

Patient portal: a secure web site through which patients can access a PHR and often certain 

information from an EHR. Portals typically enable users to complete forms online, communicate with 

their providers, request prescription refills, pay bills, review lab results, or schedule medical 

appointments (18).  

Electronic Patient Record (EPR): England’s National Health Service (NHS) defines the EPR as “an 

electronic record of periodic health care of a single individual, provided mainly by one institution” 

(NHS:1998). The NHS notes that the EPR typically relates to the health care provided by acute care 

hospitals or specialist units. This definition of the EPR(19) has gained quite widespread currency 

outside of the UK but its usage is still often inconsistent in many places. 

Electronic Health Record (EHR): The most common USA definition and adopted by many countries 

is “a longitudinal electronic record of patient health information generated by one or more encounters 

in any care delivery setting. Included in this information are patient demographics, progress notes, 

problems, medications, vital signs, past medical history, immunizations, laboratory data and radiology 

reports. The EHR automates and streamlines the clinician's workflow. The EHR has the ability to 

generate a complete record of a clinical patient encounter - as well as supporting other care-related 

activities directly or indirectly via interface - including evidence-based decision support, quality 

management, and outcomes reporting” (20). 

eHealth literacy: ‘The ability to seek, find, understand and appraise health information from electronic 

sources and apply knowledge gained to addressing or solving a health problem’(21). 
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ABSTRACT  

Personal Health Records (PHRs) offer patients the opportunity to be more actively involved 

in their own care. There is limited research into the application during hospital admissions for 

elective or emergency presentations.  

We used techniques from scenario-based-design to test the opportunities and boundaries of a 

commercially available PHR in a simulated environment. Scenarios included a patient in his 

80s admitted for hip-surgery with his son and a younger patient admitted with pneumonia. A 

catastrophic deterioration was demonstrated with a mannequin in high-fidelity simulation. 

Workflows were summarized in swim-lane diagrams.  

The PHR allowed patients to file information prior to the interaction with the clinical team. 

This led to shorter time requirements for acquisition of data. The elderly patient required 

assistance from a relative but this aided verification of history prior to the encounter with the 

clinical team. Ward rounds could be prepared by the patient with specific ‘what matters’ 

questions. Documentation in the PHR environment during a simulated life-threatening 

emergency did not result in information that was unintelligible or useful for the ‘patient’. 

Usage of a commercially available PHR during hospital admission is feasible and might aid 

work-flow. Documentation of emergencies might require different documentation formats.   
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BACKGROUND  

Hospital medicine is moving to paper light or paper free systems with the increasing use of 

electronic patient records. Patient care is moving away from the paternalistic approach to a 

shared decision-making model. Technological advances mean that patients are able to 

undertake increasing amounts of monitoring at home thus facilitating increased patient 

involvement by using patient held records (PHR). PHRs are not a new concept(1,2) but the  

methods of access are changing: Patients are tracking their blood sugar via near field 

communication and smart phone apps rather than by recording finger prick records in a paper 

diary. Children have their personal child healthcare record (known as the 'red book'), 

traditionally a hard copy but now available online(3). Through the usage of PHRs patients 

emphasised the importance of having ‘a record of one's condition’, being ‘empowered to ask 

questions’, and the potential for ‘unwanted responsibility’(4).  

There is a significant body of literature on patient held medical records(5), but this relates 

near exclusively to patients in primary care and chronic disease management programs. 

Knowledge about safety impact of patient held records is largely limited to medication safety. 

There is only limited evidence for effects in hospital(6) and none for usage in emergency 

care.  

Scenario-based design is a ‘family of techniques in which the use of a future system is 

concretely described at an early point in the development process’(7,8). It allows rapid 

interactive development of concepts and capture of possibilities and concerns.  

We aimed to explore the opportunities for the usage of PHRs in hospital and explore the 

boundaries for patients to contribute to their own record through techniques of scenario-based 

design.  

 

METHODS  

Study format: Observational feasibility study in a simulation laboratory using scenarios and 

role-play to explore boundaries of usage for the PHR. 

Setting: High Fidelity Simulation Lab at the Ysbyty Gwynedd Bangor. For the purpose of the 

study Patients Know Best (PKB) provided a PHR in a digital test environment.  
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Participants: Medical doctors (Foundation Year 1 and Foundation Year 2), one Physician 

Associate, two student nurses and three patient actors: a female actor in her 40s and a male 

actor in his 80s with his son.   

Intervention: Use cases of common presentations for admission to hospital including elective 

and emergency admissions. 

Evaluation: Participants of the workshop provided information on digital literacy and 

previous exposure to hospital admissions. The scenarios were recorded and analysed. 

Analysis included time and motion studies (i.e. time taken to perform documentation and 

related tasks) and semi-structured user feedback from patient actors, clinicians and students.  

Mapping process: Graphic representation of processes using swim-lane diagrams to describe 

present work-flow in local clinical practice, and possible future states as observed during the 

simulated scenarios. 

Patients Know Best properties: Patients-Know-Best (PKB) allows patients and healthcare 

professionals to access medical records anytime, anywhere, is controlled by patients who 

grant access to healthcare providers and hosted within the NHS N3 network. It is designed 

for use by individuals, NHS Trusts, Local Authorities, Charities, Social Enterprises and other 

organisations involved in the care of patients, particularly those with complex, long-term 

conditions necessitating multidisciplinary care from a plurality of providers(9). The platform 

connects health and care information from multiple primary and secondary care providers to 

create a single, unified copy of the data. Patients can then access their data via an online 

portal and use this to manage their health and wellbeing.  

Patients can access and manage their appointments online, see test results with advice and 

explanations about what they mean, communicate directly with their healthcare professionals 

and seek medical advice in a timely way, share important information with nominated 

healthcare professionals, family members and/ or carers and link data from personal wearable 

devices to enhance monitoring.  

PKB is the most deployed patient-held record system in the UK. As of October 2019 it has 

the records of 4 million patients in the UK and is used by researchers in eight European 

countries. PKB is the personal health record supported by NHS Wales(10). 

Scenarios: Scenarios were repeated with variations to clinical course of the scenario and 

availability of digital resources (i.e. admission of a new patients with paper-based 
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documentation vs admission of a new patients with electronic documentation provided by 

PKB). Timings of processes were derived during the scenarios  and verified with the 

recording where required. 

Ethics & Governance: The study was approved by the Bangor Research Ethics Committee 

(REC reference: 19/WA/0170). The patient actors gave informed consent, all clinicians and 

actors gave informed consent for the recording of the procedures. 

 

RESULTS 

Four scenarios were examined: three used low fidelity simulation and one used high-fidelity 

simulation.  

Scenario 1 – admission to hospital for elective hip replacement: Elderly patient in his 80s 

who presents with his son. Past medical history: Atrial fibrillation on Warfarin, constipation 

requiring regular laxatives: lactulose, occasional enemas. Allergic to Aspirin but had a 

stomach bleed after Brufen. The patient is concerned about pain in the hip. The pain has been 

present for four year, the patient hast lost weight for improved mobility without success and 

needs regular pain killers. The patient would like to stay in hospital for as short as possible.  

Observations: Collating the history took a significant amount of time. The patient had 

significant problems with arthritics and poor eye-sight and was unable to operate the 

computer. His son was able to enter data for him and access information. There were clear 

discrepancies in the history documented by the son and details given by the patient. The 

presence of the son was felt to be essential to document reliable information.  

During conventional history taking time requirements from the team were 48 minutes, 25 

minutes for nursing and 23 minutes for medical history taking. During history taking using 

the PHR time requirements for the team were 36 minutes for the patient, 10 minutes for 

nursing and 12 minutes for medical history taking.  

Scenario 2 – admission to hospital for an acute pneumonia: Female patient presenting with 

cough, fever and sputum and abnormal vital signs. Past-medical history: Diabetes mellitus, 

hypertension, surgery for hiatus hernia, ex-smoker (used to smoke 20 cigarettes per day). 

Allergic to co-trimoxazole. Home circumstances: independent and likes baking cakes, has got 

several rescued cats and likes horse riding. Medication: Bendroflumethiazide 2.5 mg once a 

day, Ramipril 10 mg od. The patient is worried to get back home and feed the cats. The 
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patient has low oxygen saturations. A value is agreed above which a transfer home would be 

usually safe. 

Observations: The patient was able to enter all past-medical history, medication and allergies 

as well as features of her acute illness into the platform. This led subjectively to a faster 

admissions process.  

Scenario 3 – next day ward round of the patient from scenario 2: The patient is feeling better. 

The patient is able to access her vital-signs and these have improved in line with the criteria 

from the previous encounter. The patient remains worried to get back home and feed the cats. 

Observations: The patient decided to prepare the next day ward round online with questions 

to her care team about the diagnosis, the severity of her illness and the likely length of stay. 

This focused discussions during the acted ward round.  

Scenario 4: peri-arrest post hip-replacement: High fidelity simulation with a dummy 

(METIman - Medical Education Technologies Inc) was used. The ‘patient’ was drowsy, had 

a low blood-pressure and low respiratory rate.  

Observations: The clinical team undertook an emergency assessment of airway, breathing, 

circulation, disability and exposure. Clinical symptoms were correctly identified as related to 

intra-operative opioids with hypoventilation. Usage of the electronic record during the peri-

arrest situation was challenging: electronic documentation was slow, fields were on different 

screens and a high proportion of the documentation was medical jargon. Patient actors found 

it subsequently difficult to understand the meaning of the documentation.  

 

PARTICIPANT FEEDBACK 

Scenarios were reviewed by the participants of the work-shop. Process-maps (Figures 1-3) 

were created to represent the present state from experience of the participants and compared 

to the process supported by the PHR.  

 

Key-observations were summarized by participants during debriefing: 

The elderly patient actor and his son could record and verify the past-medical history and 

medication history prior the arrival of the medical team. This reduced the requirements for 

the ‘clinicians’ to be present during the process of negotiating the agreed version of truth. 
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Using the electronic record resulted in prolonged periods of silence to find the correct data-

entry field and typing with interruption of the flow of conversation.  

For patients entry of a comprehensive medical history takes a significant amount of time. By 

pre-populating data fields this could be improved. A more focused system that captures only 

data pertinent to the current admission rather than comprehensive all system enquiries might 

hence reduce time requirements for documentation by health care professionals and improve 

work-flow. 

The patient with the pneumonia was able to operate the system and complete large parts of 

her documentation without the assistance of a healthcare professional. The effects of this are 

captured in the process map. The patient actor felt empowered by seeing the same screen as 

the healthcare professional and having access to all information. 

Preparing a ward round allowed the patient actor to assure that areas of her interest were 

covered. Participants of the workshop felt that it was of advantage to have time prior to a 

ward round to focus on issues that were of importance to her. This included interest in the 

severity of the illness triggered by knowledge of the clinical diagnosis from the PHR. This 

observation is contrasted with clinical experience of patients complaining of having questions 

after the ward round or struggling to retain information about clinical diagnosis, treatment 

plan or planning of transfers of care.  

The clinical team was clearly overwhelmed by the usage of an unfamiliar electronic system 

to document clinical findings in real time during the simulated emergency. Due to the clinical 

requirements and under pressure clinicians reverted to usage of jargon both in spoken and 

written communication. Design of shared records for inpatient usage would need to take this 

into account.  

 

Analysis of findings 

Timings and work-flows were reviewed: in the system with the PHR patients and their carers, 

friends or family are able to perform some of the work that is traditionally part of the tasks 

undertaken by doctors or nurses. Access to records outside of the scheduled patient contacts 

of admission and ward round allows patients time to articulate questions based on accessed 

information or their own ideas, concerns and expectations. This was also reflected in the 

subsequent feedback by the relative of the elderly patient actor (Table). 



 111 

DISCUSSION  

In the present feasibility study we have shown that patients could in principle engage in 

partaking in their own documentation even in an acute or emergency care setting.  PHR usage 

allowed the patients as well as the carer-actor to add real value to the clinical information and 

verify important safety critical clinical information such as allergies, medication and previous 

complications.  

Elderly patients are not only less technologically experienced but might additionally struggle 

with arthritis or visual impairment that might preclude direct interaction with a digital 

platform. At the same time carers of family members might add measurable benefit if they 

are allowed to contribute their knowledge of the patient’s condition.     

On the other hand side the ‘once for all’ functionality of electronic records might reduce the 

strain not just on healthcare professionals but also on the patients who have to provide 

repeated answers to the same question in the current care system.  

During a critical deterioration of a patient electronic health records might be significantly 

slower and less agile than paper-based systems and the reliance on jargon to summarise 

complex safety critical information makes the documentation by clinicians near un-useable 

for patients.   

Personal Health Records (PHR) can demonstrate value by providing a single view of a 

patient’s history - creating one source of the truth, bringing together potentially divergent 

documentation from different sources to ensure all healthcare professionals have the right 

information, at the right time to inform decision making, reducing duplication and enabling a 

more preventative approach. Benefits of PHRs are obvious for many patients in chronic 

disease management programs such as inflammatory bowel disease(11) even if 

implementation and evaluation in the UK has been sporadic(12). A literature review of usage 

of patient portals in hospitalized patients found little evidence for studies that have formally 

evaluated the impact on clinical outcomes(6). Current designs might be problematic even in 

the more sheltered environment of an outpatient clinic(13) and might require separate 

evaluation. Likes others we observed how electronic systems can aid to enhance 

communication between patients and healthcare professionals but might move focus from the 

patient to the screen and reduce eye contact(14).  

Recording of urgent information was slowed down by the electronic system. This is 

consistent with the literature: clinicians perceive computer systems as slower than their 
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previous practice and have implemented extensive work-arounds including the usage of 

medical scribes(15). This has not changed over the last decade(16) despite the advent of more 

advanced systems.  

To our knowledge this is the first study that has describes the opportunities and boundaries of 

usage of personal health records in emergency and hyper-acute care. The study was 

performed with a personal health record from a single provider. This limits the ability to 

extrapolate to functionalities of other PHRs. We only examined a small number of scenarios 

but were able to capture typical hospital interactions. We did not address training 

requirements to fully use functionalities. For all users this was the first time they used a PHR 

and training might enhance usage and impact(17). 

We were unable to assess how patients would interact with the plethora of information 

generated by a modern hospital system and whether their attention would be drawn to mildly 

abnormal values rather than key clinical findings.  We did not formally evaluate digital 

literacy(18) or the impact of PHRs on activation(19). Satisfaction of patients and impact of 

records on clinical care might relate to these(20). 

PHRs have the potential to allow patients to feel more active and valued member of the team. 

PHRs might facilitate time savings as patients can preload clinical records prior to being seen 

by health care professionals and reduce duplication. Current systems might not be optimized 

for usage in acute and emergency care. Given the high proportion of time that doctors are 

already spending on documentation(21,22) design and evaluation need to focus on using 

patient inputs in an efficient manner.  

Some of the benefits from usage of PHRs outside of hospital can be translated for inpatient 

usage. Development of tailored user-interfaces for the specific tasks in acute care will require 

prospective testing in multi-centre studies with capture of clinical outcomes, patient and staff 

satisfaction and cost-implications. Platforms that are targeted at the aging population might 

want to explore the usage of voice control or multi-user inputs that allows authorized friends 

and family members to support them.  

 

CONCLUSION 

PHRs have features that might usefully enhance care of patients admitted to hospital. Current 

systems might not allow to share documentation of catastrophic deterioration in a meaningful 

way.   
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Table – Observations by the relative 

“Hospital admission and (emergency) triage represent a significant opportunity for the 

patient-carer diad to explore and agree a common version of history; specifically those events 

and associated timeline leading to the present clinical episode. Basic disagreements over 

dates, the relevance of symptoms, and the precision of recall must all be negotiated. 

 

Data are generated within the diad from multiple standpoints, not simply the primary 

perspectives of patient and carer. but also those potentially arising from multiple roles played 

by the relative as carer, advocate and/or attorney, or indeed by the patient as both parent/child 

and sick person. The simulated elderly patient may wish to leave hospital as quickly as 

possible without too much attention being paid to their chronic constipation problem, 

whereas the simulated relative as carer may be more interested in a period of respite and a 

complete purge; whilst at the same time, as the patient’s advocate or attorney, may consider 

that prolonged hospitalisation could result in further loss of independent living skills. 

 

The PHR can facilitate the diad in completing this information-gathering task precisely 

because it obliges both members to focus on achieving unanimity. The logical design 

inherent in any associated data collection tool(s) and underlying database systems can also 

assist in imposing the use of a common jargon-busting language on all participants, both data 

contributors (patients, carers) and all subsequent users (patients, healthcare practitioners, 

hospital administrators). However some thought may need to be given to the fundamental 

unobservability of many variables of interest in the PHR (e.g. progress of disease) and that 

recording a single version of the truth may actually represent a loss of information, In 

particular the ability to assess degree of correlation between differing versions at the same 

timepoint. 

 

Amongst the most important additional roles played by the carer when the PHR is 

computerised and the patient lacks dexterity, is visually impaired, or simply does not belong 

in the digital era, is that of ‘touchscreen operator’ (cf medical scribe) controlling data input.  

Whilst there may be few initial surprises (name, rank, serial number etc.), the general 

influence of the keyboard warrior grows as time passes and symptom/medication lists and 
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associated sub-menus become more interminable, which can result in an abbreviated 

approach to creating the record, whose ownership is then uncertain. The simulation was 

realistic in this respect.” 
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Fig 1. Swim-lane maps representing the experience of the participants currently 

compared with the process supported by the personal health record. a) Standard elective 

admission. b) Elective admission with personal health record. c) Ward round. DDx = 

differential diagnosis; DHx = drug history; HPc = history of present complaint; Obs = 

observations; Pc = present complaint; PKB = Patients Know Best personal health record; 

PTWR = post-take ward round; SHx = social history.  

 

a) 

 
b) 
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subsequent product development and implementation studies of interventions prototyped 

during the process described in this manuscript.  

 

Keywords: co-design, co-production, acute care, hospital, patient-centred  

 

Key learning points 

1. Co-design is underutilised in acute care  

2. For the co-design of novel interventions stakeholder should be aligned according to 

epistemological criteria  

3. In acute care co-design challenges include limitations of sick patients to act in a 

system with strong hierarchies and continuity and visibility of safety critical 

information across changing providers   
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ABSTRACT  

Co-design in acute care is challenged by the inability of unwell patients to participate in the 

process and the often transient nature of acute care. 

 

We undertook a rapid review of the literature on co-design, co-production and co-creation of 

solutions for acute care that were developed with patients. We found limited little evidence 

for co-design methods in acute care.  

 

We adapted a novel design driven method (BASE methodology) that creates stakeholder 

groups through epistemological criteria for the rapid development of interventions for acute 

care. We demonstrated feasibility of the methodology in two case studies: 

 

A mHealth application with checklists for patients undergoing treatment for cancer and a 

patient held record for self-clerking on admission to hospital. 
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BACKGROUND  

 

During 2020 healthcare has changed beyond recognition: With COVID-19 pandemic we have 

seen an explosion in demand, constraints on delivery and a collapse in the economy with 

resulting challenges to funding that has created a ‘burning platform’ for healthcare1. In order 

to deliver against these time and financial constraints radically different methods of creating 

innovative solutions are needed. UK Innovation and Research has puts design methodology 

at the heart of its innovation strategy2. For innovation this report recommends three lenses: 

What do people desire? What is technically feasible? What is financially viable? The same 

lenses can be applied to innovation in healthcare.  

 

There is little doubt that health services are under increasing political and public pressure, 

struggling to provide adequate and safe services. They are in dire need of redesign for 

improvement. At the same time there is a growing acknowledgement that services are best 

designed in close collaboration with those who are using them – both health care 

professionals and patients and their support network. This has resulted in a dramatic recent 

focus on the need to include patients and carers in the co-production of health services on 

both operational and health policy levels3,4 with accumulating evidence that services that are 

co-produced deliver better outcomes for patients with higher satisfaction for healthcare 

professionals and patients at a lower cost to the taxpayer5–8.  

 

The terms co-production, co-creation, co-design are often used interchangeably9 but co-

design might be related mostly to the process of planning new services. Co-design focuses on 

the use of stories and storytelling by patients to gain a deep appreciative understanding of the 

strengths and weaknesses of a present service, co-production involves producing a product or 

service together and comes after the co-design phase, and co-creation usually refers to both 

co-design and co-production taken together10. 

Co-design in healthcare involves the equal partnership of individuals who work within the 

system (healthcare staff), individuals who have lived experience of using the system (patients 

and their families/carers) and the ‘designers’ of the new system (whether that be IT personnel 

in terms of electronic platforms to improve efficiency or researchers in terms of designing 
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interventions to improve health systems)11. Co-design involves working together to achieve 

better outcomes or improved efficiency12.   

 

Despite the promotion of co-design/co-production and the focus on shared decision making13 

it is doubtful how robust these principles are embedded in healthcare with little evidence for 

their role in hyperacute and emergency care14,15 and the current COVID pandemic.16,17 The 

bulk of published experience of participatory design has been in programs for patients with 

defined long-term conditions such as in Cystic Fibrosis18 or inflammatory bowel disease19,20, 

or in primary care.  However, co-production has lagged in the design of services dealing with 

life-threatening emergencies and unscheduled acute care21,22:  On one hand side emergency 

care in and out of the hospital is costly but due to the acute nature of the relevant conditions 

associated with significant safety risks 23,24, on the other hand side the patient’s ability to 

partake in shared decision making or exert agency is limited by the severity of their disease 

and their dependency on immediately life-saving interventions25. Curiously funders and 

patients are rarely part of the same service design process. In order to improve the impact of 

co-design a broader range of drivers might therefore warrant consideration. 

 

Co-design is often focused on user-experience as a key driver. It is arguable that this is 

challenging to keep it front and centre as a key driver in systems providing emergency 

medical care that are under extreme clinical and financial pressures. This raises important 

questions on how the impact of co-design might change if end-users i.e. patient 

representatives and healthcare staff co-designed the intervention and if the process would 

result in interventions that differ from current care-models in relation to the ‘ownership’ and 

agency of patients of the final product?  

 

The BASE prototypology 26 is a design led development method that ensures a holistic 

approach to collaboration through link of knowledge domains (epistemology) and participant 

characteristics (ontology). BASE prototypology emphasises that knowledge can be gained 

from different perspectives of a process B for business (viability, ‘How is it paid for’, 

financial implications), A for art (desirability, ‘How does it look’, understanding of the 

physical form of objects or processes), S for science (evidence, ‘How does it work’, subject 

matter experts), E for engineering (feasibility, ‘How is it made’) and user experience (‘How 

does it feel’) (Figure 1). 
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Figure: Workshop participants from case study 1 (1) and case study 2 (2) listed according to 

epistemological categories of the BASE methodology with the patient at the centre of all interactions: 

In addition to the categories listed four patient representatives participated in both workshops.  

 

 

 

 

 

 

In this paper we (1) review the literature on co-design, co-production and co-creation in acute 

care, (2) describe in detail the processes employed in developing a novel template for co-

design for healthcare teams in the challenging and complex environments of emergency care.  

Through two case-studies we illustrate the value, feasibility and explore the boundaries of the 

process for designing interventions in acute care.  
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METHODS 

Rapid Review of the Literature   

 

We undertook a rapid review of the literature27: we restricted the search to one database 

(PubMed), and articles were screened by only one reviewer.  

Inclusion criteria were as follows: 

• Population: Adult patients requiring urgent or emergency care in hospital but 

excluding intensive care or hospice settings 

• Outcomes: Interventions created with patients  

• Intervention: co-design of an artefact, process or service for patients  

• Study types: observational and interventional studies.  

• Source types: Published, peer-reviewed journal articles accessible through PubMed. 

Studies describing interventions in children, editorials, discussion papers and studies that 

limited co-design to healthcare professional were excluded. 

Search terms: Permutations of co-design, co-production, co-creation were linked to 

descriptors of emergency care (Appendix)  

The following search string was entered into PubMed (coverage 1947–2014): 

((emergency[Title/Abstract]) OR (deterioration[Title/Abstract])) AND ("co-design" OR "co-

produce" OR "co-creation" OR "co-create" OR "co- production"). 

 

Validation of a novel intervention for co-design in acute care  

Structure of the workshops:  

We applied the BASE prototypology26 in two two-day workshops with case-studies set in 

acute care with participants selected according to the principles outlined above. Patient 

representatives were volunteers from a Macmillan User Involvement Group. Participants 

received preparatory materials prior to the workshops. Each two-day workshop began with 

introductions of new members and icebreaker activities related to the topic of the workshop 

with a joint evening meal at the end of day. This might have contributed to the forming of 

bonds between participants and supported the emotional energy required to understand the 

impact of adverse events on patients and their loved ones. 

Throughout the workshops interactive exercises were used to facilitate the co-design process 

including questions for small groups, discussion in pairs, personal reflections, discussion of 

case studies, mapping exercises of possible intervention components, mapping exercises of 
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desired behavioural changes, choosing and agreeing on evaluation measures. Workshops 

were broken into discrete activities, which provided a chance for all team members to share 

their experiences of various aspects of team working, co-design and patient safety. 

 

Co-design by prototyping: Scenario based design  

We used design scenarios28–30 as useful tools for communicating ideas about user actions and 

a method that has been used for planning of healthcare emergencies31 and with patients32. We 

mapped design scenarios to help formalize ideas and to take creative approaches to those 

ideas. This helped to root designs on terra firma taking a “what our users want/need” 

approach from the outset. User scenarios were designed to capture key tasks and interactions 

within a system rather than all possible interactions. 

 

Choice of case studies  

Emergencies are characterised by perceived or actual immediate risk to patients’ life. Acute 

care settings are typified by complex interactions of multiple professional groups with 

variable level of ownership of location, process and outcomes33. Professional groups usually 

have strong hierarchical structures. There is limited patient agency as the patients is acutely 

unwell and unable to safely remove themselves from the setting. Two case studies were 

chosen to exemplify the design challenge of improving safety in acute care:  

Case study 1: The acute threat of catastrophic deterioration of patients in hospital (often 

described as ‘failure to rescue’34); this type of scenario is common and results in considerable 

preventable morbidity and mortality of patients35, mental health issues in clinicians36 and cost 

for healthcare providers.  

Case study 2: The presentation with a potentially life-threatening illness at the hospital front 

door at the interface between primary and secondary care. Care processes at the interface 

between providers and teams are over-represented in reports on adverse events. Patients die 

as a result of failure to act on information that is available but not shared or communicated 

but lacking in salience37,38.  

 

Ethics and funding 

No ethics application was required for the literature review and workshops with patients. 

Participants signed consent for the dissemination of evidence from the workshops to be 

disseminated.  
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The work was funded through an Improvement Science Fellowship by the Health Foundation 

for one of the authors (CPS). 

 

 

RESULTS  

Results of the rapid literature review co-design in acute care  

References were verified last on the 11th of July 2022. The search of the literature resulted in 

82 references. These were reviewed by hand. 73 references were excluded: 44 contained the 

wrong population, 17 used wrong outcomes, 5 a wrong study design, 5 were the wrong type 

of publication and a further 4 had no patient involvement. One further publication was 

identified from additional hand searches39. A recent systematic review of experience centred 

co-design in hospital was used to validate the search: no further studies in acute care were 

included in the systematic review40.   

The remaining 8 manuscripts were further investigated: 7 were from the UK and one from 

New Zealand (Table I), all were from the last 10 years.   

Two themes were identified as published topics for co-design work: 1. processes to assist 

patients to call for help in hospital (‘patient activated rapid response’)41,42, 2. service design 

guided by the experience of a patient group with a single specific condition such as asthma43, 

epilepsy44, palliative45 or elderly patients39 etc. Co-design resulted in new pathways in a small 

proportion of the studies. Design methods used for co-design were modifications of Plan-Do-

Study-Act44,46 cycles and Experienced Based Co-design47,48 as well as a range of other less 

standardised  

We found limited evaluation of clinical impact of the co-design process in acute or 

emergency care and no study that compared several design processes methods.
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Table I: Summary of the identified studies using co-design with patients in acute care.  

No 1st author Population  Method of 

co-design  

Stake holder 

recruitment  

Intervention Impact 

measure 

1 Subbe CP49  

(2021, UK) 

Hospitalised 

patients  

PDSA cycle  Pragmatic, 

patients only 

Patient held record  Feasibility  

2 Noble A44 

(2020, UK) 

Patients with 

epilepsy  

PDSA cycle  Health care 

professionals and 

purposive sample 

of service user 

representatives 

First aid training 

for epilepsy 

Pilot 

randomised 

controlled 

trial showed 

no significant 

clinical 

impact 

3 McKinney A41 

(2020, UK) 

Hospitalised 

patients  

Research 

protocol  

Health care 

professionals, 

patients and 

relatives 

Intervention to 

detect and refer 

patient 

deterioration 

n.a. 

4 Strickland W42 

(2019, New 

Zealand) 

Hospitalised 

patients  

Survey of 

patients  

Purposeful 

sampling of 

patients and 

family members 

Co-design limited 

to survey 

development 

n.a. 

5 Newell K43 

(2017, UK) 

Patients with 

asthma  

Not 

specified  

Unclear  Asthma patient 

passport  

Reduction of 

steps needed 

for patients to 

communicate 

their needs 

6 Blackwell 

RW45 

(2017, UK) 

Elderly 

patients with 

palliative care 

needs  

Experienced 

Based Co-

design 

ED and paliative 

care clinicians 

(interviews with 

patients 

separately). 

Prioritisation 

exercise and 

training materials  

Not measured 

7 Piper D48 

(2012, UK) 

Patient 

accessing 

emergency 

departments  

Experienced 

Based Co-

design 

Staff and patients  Changes to 

resources used in 

Emergency 

Departments 

Patient & 

staff 

satisfaction 

8 O'Donnel D39 

(2019, UK) 

Frail patients 

in acute care  

Structured 

consensus 

building 

workshops  

Membership of 

non-

governmental 

organisations, 

community-

based patient & 

public advocacy 

organisations 

Priorities for 

frailty pathways  

n.a. 

.  
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Application of the BASE protoypology to co-design 

Characteristics of workshop participants  

Participants from all constituent groups of the BASE model were represented in the two 

workshops (Figure). Each workshop group was split into BASE ‘families’ for small-group 

activities. These did mirror the make-up of the whole group with at least one member of each 

constituent group represented in each of the ‘families’. The authors and patient 

representatives took part in both workshops, all other members of the teams changed. 

 

Development of case studies  

Real-life scenarios of patient safety events, including events with fatal outcomes were used. 

We sourced published reports on sepsis49, hospital care50 and adverse events 51 rather than 

local events in order to maintain patient confidentiality and avoid the risks of litigation. Case 

scenarios were summarized in case-vignettes. Details of the sample cases were mapped 

against a timeline.  

Both workshops followed the Double-Diamond methodology52 (Table II). Weighting of the 

BASE groups in the ‘families’ varied between the workshops. Expert inputs were focused on 

different design-challenge specific topics. The Crazy-8 methodology53 was used to ideate and 

develop solutions. Delivery in workshop 1 was only in the form of a prioritisation exercise 

with the expectation of continuous development of the prototype ideas outside of the 

workshop. In workshop 2, mock-ups were used in role-play to explore the functionalities of 

the proposed interventions.  
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Table II: Application of the Double-Diamond method to the workshops. The Double-Diamond 

distinguishes a research phase with divergent discovery of the research area of interest, and 

convergent definition of the key problem, and a design phase with divergent development of concepts 

and convergent deployment of the final solutions.   

 

Double-Diamond 

phase  

Case study 1  Case study 2  

Discovery of 

subject  

Graphic storyboards Storyboards 

Board-game on patient flow  

In-situ-simulation of a catastrophic 

emergency 

Definition of 

problem   

Limitations of sick patients to act 

in a system with strong hierarchies   

 

Continuity and visibility of safety critical 

information across changing providers  

Development of 

prototypes  

Crazy-8 method 

Scenario-based design 

Crazy-8 method  

Short movie clips 

Delivery of 

outputs   

Shared-checklists for patients with 

cancer and families developed into 

a smart-phone application  

Express-check-in: patient-held 

documentation-system for admission to 

hospital  
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Validation of case studies in clinical applications 

Patient held checklists were a preferred intervention suggested by participants in Workshop 

1: With funding from a separate grant a patient-held checklist was developed as part of a 

clinical trial to reduce adverse events from systemic cancer treatments (i.e., chemo- and 

radio-therapy). Check-lists for complications of cancer from the United Kingdom Oncology 

Nurses Society were adapted with patients  into smart-phone application that linked patients 

to a ‘safety buddy’ and their clinician and has since been tested by the first 100 users as part 

of a clinical trial54. The application was used over 3000 times in the first 60 days of testing 

with high reliability of inputs and excellent feedback from users. A patient ‘passport’ with 

key information was proto-typed in Workshop 2. This was further developed as part of a 

feasibility study. An ‘Express-Check-in’ for patients admitted to hospital that allows patients 

to document their history and clinical priorities in hospital records has been tested in over 100 

patients55. Well over 80% of patients approached filled the documentation. Resulting records 

contained a significant proportion of unique information not mirrored in clinical records.  

 

Reflection on the design process  

Donabedian conceptualised a chain linking structure, process, and outcome56. Many co-

design methods use focus groups with patient representatives32. In contrast to other 

techniques,  

we integrated patient representatives into the groups, prototype development was undertaken 

in three sub-groups that each had a member of each of the BASE constituents: The 

collaborative methodology was hence mirrored in the enabling structure of the works-shops. 

The enabling structure of our method means that healthcare professionals don’t dominate the 

groups’ conversation.  

Emotional experience of the safety challenges of acute care were reflected in both 

workshops. In the first workshop we used witness reports of harmed patients and the 

empathic video of the mother of a patient who died as the result of a safety error. In the 

second workshop we complemented the secondary experience of reports from the literature 

with the primary emotional experience of shared immersive enactment of a medical 

emergency and subsequent prototyping of interventions with joint role play.  

We found the input of our patient representatives throughout the workshops to be invaluable. 

The patient representatives brought the rich experience of their perception of how healthcare 

teams worked and their impressions of relationships among healthcare team members. We 

observed little hesitancy and hierarchical behaviour with patients participating, leading the 
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narrative and development of the case-studies as much as other participants. This might be 

specific to the participants but might be an effect of a design methodology where structure 

facilitated the democratic group interactions. 

 

DISCUSSION 

What we have shown 

In the present study we have shown the co-design of interventions in acute care is feasible. 

We demonstrated the functionality of the BASE methodology as a model to define the 

constitution of a co-designing team. The link of scenario-based design with the BASE proto-

typology allowed the generation of viable prototypes for complex healthcare problems within 

a very short time frame.  

We believe that the heterogeneity of the groups helped to establish flat hierarchies. We 

started out workshops with clinical care studies that were observed and interpreted by all 

participants – including the non-clinicians. We believe that this approach assisted the patient 

focus and helped to avoid dominance of the discussion by clinicians.  

Outputs from the two workshops have since been developed further and tested in clinical 

studies. 

 

What others have shown  

At current no authoritative guidelines on the balanced perspective of a stakeholder group that 

results in change exists: The BASE prototypology gives some guidance on the epistemology 

that might usefully guide the make-up.  

Focus groups are a common way to involve users in the design of services or interventions in 

clinical trials57.  In quality improvement patients can act in distinct roles58 as ‘knowledge 

brokers’ who ‘who facilitate knowledge exchange and adoption’, a ‘technology of 

persuasion’ of clinicians about the importance of a problem. This resulting patient-centred 

interventions might however not always lead to real-world impact59. Experience based design 

has been used in a feasibility study to explore ways for patients to speak up in primary care60. 

Patients identified polypharmacy as a key threat to their safety.  

 

Limitations and challenges of this study 

Given that the rate of failed innovation or improvement interventions in the health service is 

high and that many are planned in desk-top exercises we believe that we have developed an 



 133 

engaging framework that allows teams to validate ideas in a structured manner with limited 

resources. 

Patient representatives for our workshops were not selected in a representative fashion. Given 

the exploratory character of the our study and its resulting limited sample size we refrained 

from measuring activation61 of participants or comparable systems of measurement. In the 

absence of comparative metric for design processes we can only state feasibility but are 

unable to qualify or quantify the differential impact of our co-design methodology.  

 

Implications for clinical practice: Wicked problems   

It is generally acknowledged that for a novel idea to become an innovation it needs to be 

feasible, viable and desirable62. Our co-design method, while challenging at times, has many 

benefits including grounding the intervention in the real-world experiences of patients and 

healthcare teams. This might be of particular relevance in addressing ‘wicked’ or ‘complex’ 

problems that defy linear approaches63. The chosen scenarios were ‘Wicked Problems’64: are 

a: "class of social system problems which are ill-formulated, were the information is 

confusing, where there are many clients and decision makers with conflicting values, and 

where the ramifications in the whole system are thoroughly confusing."65. ‘Complex’ and 

‘Wicked’ would seem to be barriers to other forms of design where the synchronous way of 

reviewing problems and solutions from multiple view-points at the same time would seem 

particularly pertinent.  

 

Implications for research  

It is generally acknowledged that for a novel idea to become an innovation it needs to be 

feasible, viable and desirable62. Participatory Design provides a way to include stakeholders 

in designing solutions development and delivery of service improvement: Evaluation of the 

design process based on clinical impact is needed to compare output in relation to the design 

inputs and in comparison, to other ways to change services. 

 

CONCLUSIONS  

Designing for complex problems might benefit from the use of multiple perspectives. The 

design of interventions that allow those affected to own/control/deliver them would seem key 

for addressing patient safety problems. The BASE prototypolgy has the potential to facilitate 

future iterative developments of prototypes and allow the measurement of impact on 
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behaviour of patients, carers and health-care professionals. Co-design has great potential as a 

methodology for engaging patients to help understand and redesign health systems and for 

enhancing patient outcomes even in acute care. 
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APPENDIX: literature search terms used (sample) 

 

▪ ((emergency[Title/Abstract]) OR (deterioration[Title/Abstract])) AND ("co-design" OR 

"co-produce" OR "co-creation" OR "co-create" OR "co- production") – 82 screened – 7 

included  

 

▪ (emergency care[MeSH Terms]) AND (co-production OR co-design OR co-creation) – 

20 screened – 1 duplicate  

 

▪ (critical care[MeSH Terms]) AND (co-production OR co-design OR co-creation)  - 10 

screened – 1 duplicate  

 

▪ ("Emergency Treatment"[Mesh]) AND "User-Centered Design"[Mesh]) – No reference 

 

▪ (Emergency) AND "User-Centered Design"[Mesh] – 13 screened  - none included 

 

▪ (emergency) AND (co-production [Ti] OR co-design [Ti] OR co-creation[Ti]) AND 

hospital – 23 screened – none included  

 

▪ (acute [ti/abstract]) AND ("co-design" [ti] OR "co-produce" [ti] OR "co-creation" [ti] OR 

"co-create" [ti] OR "co- production"[ti]) – 21 screened – 1 duplicate  
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4.6 Paper 6: Checklists for Complications During Systemic 
Cancer Treatment Shared by Patients, Friends and Health 
Care Professionals: Prospective Interventional Cohort 
Study 
 

Published in: JMIR Mhealth Uhealth. 2020 Oct 7;8(10):e24816. doi: 10.2196/24816. 

 

 

ABSTRACT 

Background: Advances in cancer management have been associated with an increased 

incidence of emergency presentations with disease- or treatment-related complications. 

Objective: This study aimed to measure the ability of patients and members of their social 

network to complete checklists for complications of systemic treatment for cancer and 

examine the impact on patient-centered and health-economic outcomes. 

Methods: A prospective interventional cohort study was performed to assess the impact of a 

smartphone app used by patients undergoing systemic cancer therapy and members of their 

network to monitor for common complications. The app was used by patients, a nominated 

“safety buddy,” and acute oncology services. The control group was comprised of patients 

from the same institution. Measures were based on process (completion of checklists over 60 

days), patient experience outcomes (Hospital Anxiety and Depression Scale and the General 

version of the Functional Assessment of Cancer Therapy at baseline, one month, and two 

months) and health-economic outcomes (usage of appointments in primary care and elective 

and unscheduled hospital admissions). 

Results: At the conclusion of the study, 50 patients had completed 2882 checklists, and their 

50 “safety buddies” had completed 318 checklists. Near daily usage was maintained over the 

60-day study period. When compared to a cohort of 50 patients with matching disease 

profiles from the same institution, patients in the intervention group had comparable changes 

in Hospital Anxiety and Depression Scale and General version of the Functional Assessment 

of Cancer Therapy. Patients in the Intervention Group required a third (32 vs 97 nights) of the 

hospital days with overnight stay compared to patients in the Control Group, though the 

difference was not significant. The question, “I feel safer with the checklist,” received a mean 

score of 4.27 (SD 0.87) on a Likert scale (1-5) for patients and 4.55 (SD 0.65) for family and 

friends. 

https://mhealth.jmir.org/2020/10/e24816/
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Conclusion: Patients undergoing treatment for cancer and their close contacts can complete 

checklists for common complications of systemic treatments and take an active role in 

systems supporting their own safety. A larger sample size will be needed to assess the impact 

on clinical outcomes and health economics. 

 

INTRODUCTION 

Advances in cancer management continue to improve patient outcomes but are also 

associated with an increase in emergency presentations with disease- or treatment-related 

complications [1]. The challenges of acute oncology presentations have led to an interest in 

developing optimal care models and support systems for meeting patients’ needs [2]. Cancer 

patients seeking emergency care generally have longer lengths of stay, higher admission 

rates, and higher mortality than non-cancer patients [3]. 

Individualized management of acute cancer presentations is important to ensure services can 

mirror routine cancer care [4]. There is an increasing number of acute cancer presentations 

that can be risk-assessed for care in an outpatient ambulatory setting utilizing technology to 

support clinicians and patients. Complications of cancer and its treatments are predictable 

(fever, diarrhea, skin reactions, and drug-specific effects) and, in part, preventable. 

Patients, friends, family, and other carers are often able to identify deviations from a patient’s 

normal status as a first step to facilitate calls for help. Peer support has been used in other 

settings to improve clinical care and safety, allowing families and friends to look after 

vulnerable patients, including those discharged after a stroke [5]. Mobile health apps for 

patients with cancer have the potential to track deterioration [6], support education, and 

recovery [7-9]. 

Modular redundancy is the duplication of critical components of a system to increase the 

reliability of performance in the design of technology [10] or clinical services [11]. 

Checklists allow redundancy by allowing multiple users to verify safety and are widely used 

in health care [12-15]. The United Kingdom Oncology Nursing Society (UKONS) has 

developed checklists for symptom-driven telephone triage [16]. 

Patients are competent to carry out surveillance and management of chronic conditions, as 

demonstrated by people with diabetes checking their blood sugars, people with asthma 

monitoring their peak flows, and people with heart failure recording their weight. Patients 
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admitted to the hospital as medical emergencies can assist in the recording of key safety-

critical information [17]. Information about cancer improves compliance, especially if it is 

tailored to individual needs and context-specific [4]. 

The study aimed to test the feasibility of a smartphone-based checklist that allows redundant 

access to safety-critical processes for patients, members of their immediate social network, 

and health care professionals to stimulate patients and carers to seek medical assistance when 

necessary while providing reassurance when appropriate. 

 

METHODS 

Study Design 

The trial was designed as a prospective interventional cohort study. 

Participants 

Oncology patients attending outpatient clinics at the Ysbyty Gwynedd, North Wales, were 

invited to take part in the study. Patients were eligible if they had a known malignancy and 

were receiving treatment for cancer, including chemotherapy, radiotherapy, immunotherapy, 

or best supportive care. Patients were eligible for enrollment during the entirety of their 

treatment course. 

Patients were excluded from the trial if they were receiving end of life care or lacked a 

smartphone to access the app. There were 50 app licenses available for the trial, and 100 

patients were recruited. Patients who did not want to use the smartphone app and patients 

recruited after all the licenses had been distributed were recruited into a control group to 

provide indicative data on service usage in patients not using the app. 

All participants, including controls, gave written informed consent. 

Smartphone App 

The content of the app was co-produced in four focus group events. Focus groups consisted 

of 15 patient representatives, clinicians, and health-service researchers. Checklists were based 

on the UKONS 24-hour triage tool [16], the UKONS Oncology/Hematology risk assessment 

tool for Primary Healthcare Professionals [18], and a symptom assessment tool included in 

the Cancer Research UK Patient treatment record adapted from the UKONS 24-Hour Triage 

Tool [19]. UKONS tools classify symptoms and signs according to risk and urgency into 



 145 

green, amber, and red with linked actions for escalation from generic advice (green) to 

encouragement to seek a routine appointment or an urgent assessment (amber or red) (Figure 

1). 

Figure 1: Sample screenshots of checklist items. Item 2 (breathlessness or chest pain) is 

linked to a red escalation, item 7 (urine problems) is linked to amber escalation. 

 

 

 

Clinicians, patients, and researchers devised a hierarchy of safety-relevant symptoms in two 

iterations. Items were summarized in nine screens, and item rankings were decided by 

consensus. Checks were presented in order of priority, starting with the most urgent and life-

threatening symptoms. 

The system allows the addition of disease- or treatment-specific checks in the content 

management system. For this study, only a generic checklist was activated. Prototypes were 

tested against typical case studies. Symptoms that were “red flags” generated a 

recommendation to the patient to seek medical care. The app sent text reminders to patients 

once a day to complete the checklist. 

Each patient was asked to invite one family member or friend to be their “Safety buddy.” 

Safety buddies also downloaded the checklist app to their smartphone. Safety buddies 

received push notifications if the patient did not complete the checklist within an agreed 

timeframe or if patients reported potentially serious symptoms (equivalent to red fields in the 
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UKONS checklist): “You might want to call your friend/family member.” Safety buddies 

were then asked to complete the checklist on their phone with the patient (Figure 2). 

Figure 2: Workflow of the application  

 

 

A dashboard for the acute oncology team showed notifications and alerts that could be 

annotated by clinicians. Nurse specialists reviewed the reported symptoms once daily via an 

online dashboard and followed up with patients if the symptoms required further attention. 

Use of the App 

Patients were enrolled for 60 days. Patients and the friend or family member were 

encouraged to access the app to record symptoms at least once daily. It was emphasized to 

patients that nursing staff would not be monitoring the app constantly and, therefore, the onus 

was on them to seek medical care if urged to do so by the app. App users received a call after 

a week to check for technical difficulties in app usage. 

Outcome Measures 

The Hospital Anxiety and Depression Scale (HADS) [20] and the General version of the 

Functional Assessment of Cancer Therapy (FACT-G) [21] were completed at baseline, one 

month, and two months. 

Health-economic outcomes consisted of the usage of appointments in primary care and 

elective and unscheduled hospital admissions. 

Patient Feedback 

Patients and carers were able to provide feedback within the application. They were asked to 

use a Likert scale with gradings from 1 (strongly disagree) to 5 (strongly agree). 

Project Governance 

The study was conducted according to the principles of the World Medical Association’s 

Declaration of Helsinki 2013 [23]. A study board supervised the development, testing, and 

evaluation. The group met every three months to issue interim reports and to review risk logs 

and possible adverse events. Ethics approval was granted (REC reference: 18/WA/0213). 
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RESULTS 

Recruitment 

Patients were recruited from January 24, 2019, to September 17, 2019. Of the 197 patients 

approached, 100 agreed to participate—50 in the control group and 50 in the intervention 

group. Of the 100 participants, 56 were female. Groups were matched for gender, type of 

cancer, and performance status, but patients in the control group were older (mean 59, SD 13 

years vs mean 68 SD 13 years; P<.001) (Table 1). 

Table 1. Participants, co-morbidities, cancer type, performance status, and treatment. 

(p-values for chi-square test) 

Item Intervention Control P value 

Age, years, mean (SD) 59 (13) 68 (13) P<.001 

Gender female, n (%) 27 (54) 29 (58) p=0.687 

Co-morbidities, n    

 Diabetes 2 8  

 Chronic obstructive 

pulmonary disease 

4 5  

 Ischemic heart disease 1 5  

Cancer type, n (%)   p=0.354 

 Breast 12 (24) 11 (22)  

 Bowel  13 (26) 9 (18)  

 Lung 6 (12) 15 (30)  

 Kidney 3 (6) 2 (4)  

 Rectal 3 (6) 2 (3)  

 Pancreatic  1 (2) 3 (6)  

 Prostate 2 (4) 2 (4)  

 Esophagus 2 (4) 2 (4)  

 Testicular  3 (6) 0  

 Ovarian  1 (2) 2 (4)  

 Rectal  3 (6) 0  

 Endometrial 2 (4) 0  

 Gastric 1 (2) 0  



 148 

 Leiomyosarcoma  0 1 (2)  

 Mesothelioma 0 1 (2)  

Performance status, n   p=0.308 

 0 20 16  

 1 22 21  

 2 5 9  

 3 0 2  

Treatment, n   p=0.669 

 Chemotherapy 45 45  

 Radio- and 

chemotherapy 

3 2  

 Surgery and 

chemotherapy 

1 1  

 Surgery 0 1  

 Best supportive care  1 1  

 

Checklist Utilization 

Checklists were used 2882 times by the 50 patients in the intervention group, a median of 62 

times per patient with the number of uses ranging from 13 to 102 times over the study period. 

App use resulted in no alert being generated on 2715 occasions, indicating no or no 

significant symptoms. On 167 (5.8%) occasions, actions were advised. There were 130 green 

alerts, 28 amber alerts, and 9 red alerts. 

Usage by patients was 284 times in the first week, 347 times in the second week, and 228 

times in the ninth week of participation. 

Of the 50 nominated friends and family members, 31 used the checklists in the app to support 

their patient partner for a total of 318 times. Usage generated no alert on 267 occasions; in 28 

instances, contact of a health care professional was advised. There were 18 amber alerts, 9 

red, and 1 major alert. 

Friends and family members used the app 77 times in the first week, 67 times in the second 

week, and 16 times in the ninth week. 
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Symptoms flagged by the checklists were, in order of frequency, exhaustion (102), nausea 

(23), fever (14), chest pain (13), sore mouth (13), diarrhea (11), pain (8), constipation (5), 

skin and eye complaints (4), pins and needles (3), mental health issues (2), visual 

disturbances (1), and urinary symptoms (1). 

Logs completed by the acute oncology team indicated 23 patient calls in response to checklist 

items. Calls covered a broad range of topics, including technical advice (2 calls), reassurance 

(8 calls), and advice to admit (4 calls). 

Clinical Outcomes 

Patients in the intervention group had 19 scheduled inpatient days, 40 unscheduled days in 

the hospital, and 32 unscheduled days in the hospital involving overnight stays. Patients in 

the control group had 2 scheduled inpatient days, 108 unscheduled days in the hospital, and 

97 unscheduled days in the hospital involving overnight stays. There were 40 patients in the 

intervention group and 38 patients in the control group who spent no unscheduled time in the 

hospital. Patients in the intervention group required a third as many hospital days with 

overnight stay in comparison to the control group. 

Patients and primary care practices requested information about appointments in primary 

care. In the first week after enrollment, patients in the intervention group saw their general 

practitioner 10 times, and patients from the control group 3 times. In the subsequent 3 weeks, 

patients from the intervention group saw a general practitioner 20 times, and patients in the 

control group saw a general practitioner 14 times. In the second month, patients from the 

intervention group saw a general practitioner 30 times, and patients from the control group 

had 15 visits. 

Anxiety and Depression 

Patient experience was captured by standardized questionnaires and informal feedback from 

inside the application. A HADS score of 11 or more indicates clinically significant anxiety or 

depression. At baseline, the average HADS score was 7.9 (SD 7.2) in the control group and 

10.2 (SD 6.1) in the intervention group (Figure 3). HADS scores of 11 or greater were 

observed in 14 patients in the control group and 26 patients in the intervention group. After 

one month, participants with a HADS score >11 had declined to 13 in the control group and 

20 in the intervention group. At two months, 11 control patients and 18 intervention patients 

fulfilled the same criteria.  
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Values for the FACT-G were not significantly different at baseline, one month, or two 

months. Over the full duration of the study, 6 patients in the control group and 10 patients in 

the intervention group improved by more than 10% over their baseline (Figure 4-6). 

 

Figure 3: Hospital Anxiety & Depression Scale mean at baseline, one month, and at the end 

of the study period.

 

Figure 4: General version of the Functional Assessment of Cancer Therapy (FACT-G) 

overall means at baseline, one month, and at the end of the study period. 
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Figure 5: General version of the Functional Assessment of Cancer Therapy (FACT-G) 

Social and Family wellbeing subscore means at baseline, one month, and at the end of the 

study period.

 

Figure 6: General version of the Functional Assessment of Cancer Therapy (FACT-G) 

Emotional wellbeing subscore means at baseline, one month, and at the end of the study 

period.   
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Feedback From Patients, Friends, and Families 

Structured feedback was submitted from within the application by 48 patients and 25 family 

members and friends (Table 2). Mean ratings on a Likert scale with values from 1 (strongly 

disagree) to 5 (strongly agree) to the question “I feel safer with the checklist” was 4.27 (SD 

0.87) for patients and 4.55 (SD 0.65) for family members and friends. The question “The link 

to a health care professional is helpful” yielded mean ratings of 4.61 (SD 0.74) for patients 

and 4.75 (SD 1.35) for family members and friends. 

 

Table 2: Structured feedback using Likert scales with values from 1 (strongly disagree) to 5 

(strongly agree). 

 Patients 

(all) 

Family 

and 

friends 

(all) 

Patients: 

   First 

assessment 

Last 

assessment 

Delta 

The information in the app is 

helpful (mean) 

4.32 4.2 4.07 4.45 0.38 

The link to a friend or relative is 

helpful (mean) 

4.48 4.41 4.42 4.27 –0.15 

The link to a health care 

professional is helpful (mean) 

4.61 4.75 4.55 4.66 0.11 

I feel safer with the checklist 

(mean) 

4.27 4.55 4.17 4.41 0.24 

 

 

DISCUSSION 

With the KeepMeSafe application, patients and their families and friends were able to use a 

smartphone app to work through a list of common complications of cancer and systemic 

therapies. We demonstrated the feasibility of assistance by members of the patients’ social 

network at times when patients felt unable to complete the checklist themselves. To our 
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knowledge, this is the first time that patients and members of their social network have been 

deployed as redundant parts of a safety system. 

Patients were only able to participate if they owned a smartphone. This limitation might 

exclude some patients, but the percentage of people actively using smartphones in the UK in 

2019 was 82.9%, the highest in the world [22]. The limited size of our study and the fact that 

the intervention and control groups were not randomized or matched means that the study 

does not allow conclusions about clinical outcomes, effectiveness, or efficiency. 

Patients experience higher levels of anxiety and depression than the general population [23] 

though consistent with other contemporaneous cohorts of people who have cancer in the UK 

[24]. 

In a review of the literature of clinical trials involving mobile health apps, we found 17 

studies of between 12 and 2352 patients [25]. Smartphone apps or internet portals primarily 

collected data on clinical symptoms or activity data with some improvement in patient-

reported outcome measures. The authors found limited evidence for effects on mortality or 

cancer-related morbidity, including complications and health-economic outcomes. Many 

studies did not report on app usage. Only a few studies have reported improvements in 

quality of life [26,27]. App for monitoring pain and linked to the ability to escalate to a 

clinician might lead to improved symptom control [28]. Recruitment rates of 50% in our 

study are comparable to other trials in this field [29]. 

We collected data of indicative health-service usage by reporting days spent in the hospital 

and appointments with primary care physicians. We observed trends towards increased usage 

of primary care appointments and decreased usage of hospital days for unscheduled 

admissions in the younger intervention group. 

App usage was high and comparable with other high-quality applications [30]. Patients and 

their buddies reported satisfaction with the information in the app and its links to health care 

staff and reported feeling safer with the application. It is difficult to say that patients felt more 

empowered to reach out to health care staff (or that the app encouraged them to do so), given 

that the majority of contacts were initiated by nursing staff. At least eight of these contacts 

received telephone advice, however, and it might be inferred that having easy access to health 

care staff in this way reduced the burden on primary care services. 
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Limitations identified in the literature review were addressed by measuring app usage and 

validated clinical outcome measures and surrogates for health economic measures, albeit in a 

non-randomized single-center study. Many mobile health apps are designed for single 

diseases [31-33] or use generic metrics such as physical activity [34], with only a few 

applications reporting patient outcomes [35]. By using a content management system as the 

underlying architecture, we enabled agile, modular development for future expansion to rarer 

complications, tailoring to different cancers, individualized treatment regimes, and patient 

preferences. While this study was limited in scope to proof-of-concept, it has generated the 

methodology for larger trials powered to demonstrate improvements in patient-centric 

outcomes. 

The study demonstrates that patients and those close to them can take an active part in a 

redundant safety system. Technology can facilitate laypersons to undertake some of the 

safety-critical screening functions that are normally undertaken by nurses based on the 

UKONS clinical checklists. 

Real-time response to alerts would require 24/7 cover of staff who are familiar with diseases 

and treatment modalities. Scale-up of usage, including utilization for follow-up of patients 

with cancer, would require limited investment into the soft-ware platform but reliable 

investment into the teams that support cancer services locally and nationally. 

This application may be a useful tool in aiding patients to access early and appropriate acute 

cancer care. It may also have a role in supporting ambulatory outpatient management of 

presentations suitable for this model of care. 

Future research will have to tease out the effect size in multiple settings. The number of 

friends and family members forming a safety network for patients may be relevant for the 

effect-size; several safety partners might support patients better than just a single partner. 

Ways to strengthen ownership and activation of patients in future versions of the application 

might include incentives for usage or link to continuous monitoring with wearable sensors to 

supplement patient-reported symptoms with quantitative measures of risk [36]. 

The hypothesis of the checklist application that remains to be tested in larger trials is that 

usage of electronic checklists tailored to the needs of patients with cancer will improve 

reliability and timeliness of engagement with their multi-disciplinary team. 
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We hope to affect patients with cancer positively by first facilitating safer care: complications 

are, in large part, predictable. Checklists allow patients to be actively involved in the 

prevention of adverse events. Modular redundancy of safety-critical processes is a key 

mechanism to provide safe and stable systems in other industries [10]. The usage of 

checklists by multiple partners should ultimately lead to a testable reduction in preventable 

adverse outcomes. Lastly, we believe in the value of greater autonomy of patients through 

participation. Access to safety-critical information in a personalized and context-specific way 

is key for patient activation [37]. We fully expect that this will also improve resilience to 

acute complications [38]. 

 

CONCLUSIONS 

We co-produced a checklist application for smartphones with cancer patients, their friends, 

and families and demonstrated proof of concept as a networked and scalable safety 

intervention. 

It is feasible to enable patients undergoing treatment for cancer to contribute to their own 

safety in recognizing complications of cancer and their therapy. To assess the impact on 

clinical outcomes requires larger randomized trials but utilizing such applications may form a 

key aspect of future acute cancer care. 

 

Acknowledgments 

Funding for the study was provided by Tenovus, and the application was developed in 

collaboration with Galactig (part of Rondo Media Group). The authors are most grateful for 

the generous support of all involved in funding, setting up, and undertaking the study. We are 

specifically indebted to the patient representatives, the acute oncology nurses Dawn Griffiths 

and Louise Preston-Jones and the research team at the Ysbyty Gwynedd, especially Laura 

Longshaw, Gareth Jones, Dianne Thomas, Alice Thomas, and Wendy Scrasse. 

We were privileged to be guided by our knowledgeable and dedicated patient representatives 

Val Wakefield, Betty Foster, and Dafydd Thomas from the North Wales Cancer Forum. 

Conflict of Interest 

The study was funded by an iGrant from TENOVUS UK. The corresponding author (CPS) 

was funded in part by an Improvement Science Fellowship from The Health Foundation. 



 156 

Abbreviations 

FACT-G: General version of the Functional Assessment of Cancer Therapy 

UKONS: United Kingdom Oncology Nursing Society 

 

 

 

 

  



 157 

REFERENCES 

1. Navani V. How has acute oncology improved care for patients? Curr Oncol 2014 

Jun;21(3):147-149 [FREE Full text] [CrossRef] [Medline] 

2. Cooksley T, Rice T. Emergency oncology: development, current position and future 

direction in the USA and UK. Support Care Cancer 2017 Jan;25(1):3-7. [CrossRef] 

[Medline] 

3. Cooksley T, Kitlowski E, Haji-Michael P. Effectiveness of Modified Early Warning 

Score in predicting outcomes in oncology patients. QJM 2012 Nov 01;105(11):1083-

1088 [FREE Full text] [CrossRef] [Medline] 

4. Hibbard J, Helen G. Supporting people to manage their health: an introduction to 

patient activation. In: The King's Fund. London: The King's Fund; 2014. 

5. Rogerson L, Burr J, Tyson S. The feasibility and acceptability of smart home 

technology using the Howz system for people with stroke. Disabil Rehabil Assist 

Technol 2020 Feb;15(2):148-152. [CrossRef] [Medline] 

6. Theile G, Klaas V, Tröster G, Guckenberger M. mHealth Technologies for Palliative 

Care Patients at the Interface of In-Patient to Outpatient Care: Protocol of Feasibility 

Study Aiming to Early Predict Deterioration of Patient's Health Status. JMIR Res 

Protoc 2017 Aug 16;6(8):e142 [FREE Full text] [CrossRef] [Medline] 

7. Geng Y, Myneni S. Patient Engagement in Cancer Survivorship Care through 

mHealth: A Consumer-centered Review of Existing Mobile Applications. In: AMIA 

Annu Symp Proc. Patient Engagement in Cancer Survivorship Care through mHealth: 

A Consumer-centered Review of Existing Mobile Applications. AMIA . Annu Symp 

proceedings AMIA Symp. 2015; 2015 Presented at: AMIA 2015 Annual Symposium; 

Nov. 14-18; San Francisco p. 580-588. 

8. Davis SW, Oakley-Girvan I. mHealth Education Applications Along the Cancer 

Continuum. J Cancer Educ 2015 Jun;30(2):388-394 [FREE Full text] [CrossRef] 

[Medline] 

9. Nasi G, Cucciniello M, Guerrazzi C. The role of mobile technologies in health care 

processes: the case of cancer supportive care. J Med Internet Res 2015 Feb 

12;17(2):e26 [FREE Full text] [CrossRef] [Medline] 

http://www.current-oncology.com/index.php/oncology/article/view/1904/1506
https://dx.doi.org/10.3747/co.21.1904
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24940096&dopt=Abstract
https://dx.doi.org/10.1007/s00520-016-3470-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27815712&dopt=Abstract
https://academic.oup.com/qjmed/article/105/11/1083/1515221
https://dx.doi.org/10.1093/qjmed/hcs138
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22855285&dopt=Abstract
https://dx.doi.org/10.1080/17483107.2018.1541103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30663921&dopt=Abstract
https://www.researchprotocols.org/2017/8/e142/
https://dx.doi.org/10.2196/resprot.7676
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28814378&dopt=Abstract
https://www.researchgate.net/profile/Sharon_Davis3/publication/269281467_mHealth_Education_Applications_Along_the_Cancer_Continuum/links/55b7a6fc08ae9289a08bfc15/mHealth-Education-Applications-Along-the-Cancer-Continuum.pdf
https://dx.doi.org/10.1007/s13187-014-0761-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25482319&dopt=Abstract
https://www.jmir.org/2015/2/e26/
https://dx.doi.org/10.2196/jmir.3757
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25679446&dopt=Abstract


 158 

10.  Wakerly J. Microcomputer reliability improvement using triple-modular redundancy. 

New York; 1976 Jun Presented at: Proceedings of the IEEE; 1976; New York p. 889-

895   URL: https://apps.dtic.mil/dtic/tr/fulltext/u2/a042246.pdf [CrossRef] 

11. Subbe CP, Duller B, Bellomo R. Effect of an automated notification system for 

deteriorating ward patients on clinical outcomes. Crit Care 2017 Mar 14;21(1):52 

[FREE Full text] [CrossRef] [Medline] 

12. Daniels R, Nutbeam T, McNamara G, Galvin C. The sepsis six and the severe sepsis 

resuscitation bundle: a prospective observational cohort study. Emerg Med J 2011 

Jun;28(6):507-512. [CrossRef] [Medline] 

13. Haynes AB, Weiser TG, Berry WR, Lipsitz SR, Breizat AHS, Dellinger EP, Safe Surgery 

Saves Lives Study Group. A surgical safety checklist to reduce morbidity and 

mortality in a global population. N Engl J Med 2009 Jan 29;360(5):491-499. 

[CrossRef] [Medline] 

14. Arriaga AF, Bader AM, Wong JM, Lipsitz SR, Berry WR, Ziewacz JE, et al. Simulation-

based trial of surgical-crisis checklists. N Engl J Med 2013 Jan 17;368(3):246-253. 

[CrossRef] [Medline] 

15. Subbe CP, Kellett J, Barach P, Chaloner C, Cleaver H, Cooksley T, Crisis Checklist 

Collaborative. Crisis checklists for in-hospital emergencies: expert consensus, 

simulation testing and recommendations for a template determined by a multi-

institutional and multi-disciplinary learning collaborative. BMC Health Serv Res 2017 

May 08;17(1):334 [FREE Full text] [CrossRef] [Medline] 

16. Oncology/Haematology 24 Hour Triage Rapid Assessment and Access Toolkit. 

https://www.ukons.org/site/assets/files/1134/oncology_haematology_24_hour_tria

ge.pdf. London: UKONS; 

2016.   URL: https://www.ukons.org/site/assets/files/1134/oncology_haematology_

24_hour_triage.pdf [accessed 2020-09-05] 

17. Subbe C. Driving safety and signposting risk - Report to the SHINE programme of the 

Health Foundation. Bangor. The Health Foundation. London: The Health Foundation; 

2015.   URL: https://www.health.org.uk/sites/default/files/

Betsi%20Cadwaladr%20final%20report_website%20version.pdf [accessed 2020-09-

05] 

https://apps.dtic.mil/dtic/tr/fulltext/u2/a042246.pdf
https://dx.doi.org/10.1109/proc.1976.10239
https://ccforum.biomedcentral.com/articles/10.1186/s13054-017-1635-z
https://dx.doi.org/10.1186/s13054-017-1635-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28288655&dopt=Abstract
https://dx.doi.org/10.1136/emj.2010.095067
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21036796&dopt=Abstract
https://dx.doi.org/10.1056/NEJMsa0810119
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19144931&dopt=Abstract
https://dx.doi.org/10.1056/NEJMsa1204720
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23323901&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-017-2288-y
https://dx.doi.org/10.1186/s12913-017-2288-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28482890&dopt=Abstract
https://www.ukons.org/site/assets/files/1134/oncology_haematology_24_hour_triage.pdf
https://www.ukons.org/site/assets/files/1134/oncology_haematology_24_hour_triage.pdf
https://www.health.org.uk/sites/default/files/Betsi%20Cadwaladr%20final%20report_website%20version.pdf
https://www.health.org.uk/sites/default/files/Betsi%20Cadwaladr%20final%20report_website%20version.pdf


 159 

18. United Kingdom Oncology Nursing Society. Oncology/Haematology Treatment 

Toxicity Risk Assessment Tool For Primary Healthcare Professionals. London. London: 

UKONS; 2017.   URL: https://www.macmillan.org.uk/_images/oncology-treatment-

toxicity-risk-assesment-tool_tcm9-317392.pdf [accessed 2020-09-05] 

19. Your Cancer Treatment Record. London: Cancer Research UK; 

2018.   URL: https://publications.cancerresearchuk.org/publication/your-cancer-

treatment-record [accessed 2020-09-05] 

20. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr 

Scand 1983 Jun;67(6):361-370. [CrossRef] [Medline] 

21. Cella DF, Tulsky DS, Gray G, Sarafian B, Linn E, Bonomi A, et al. The Functional 

Assessment of Cancer Therapy scale: development and validation of the general 

measure. J Clin Oncol 1993 Mar;11(3):570-579. [CrossRef] [Medline] 

22. Breeman S, Cotton S, Fielding S, Jones GT. Normative data for the Hospital Anxiety 

and Depression Scale. Qual Life Res 2015 Feb;24(2):391-398. [CrossRef] [Medline] 

23. Global Mobile Market Report 2019 - Light Version. Newzoo.com.: newzoo; 

2019.   URL: https://resources.newzoo.com/hubfs/Reports/2019_Free_Global_Mobil

e_Market_Report.pdf [accessed 2020-09-05] 

24. Lindner OC, McCabe MG, Boele F, Mayes A, Talmi D, Radford J, et al. Discussing 

factors associated with quality of life in cancer follow-up appointments: a 

preliminary test of a pragmatic model for clinical practice. Clin Rehabil 2019 

Apr;33(4):762-772. [CrossRef] [Medline] 

25. Osborn J, Ajakaiye A, Cooksley T, Subbe CP. Do mHealth applications improve clinical 

outcomes of patients with cancer? A critical appraisal of the peer-reviewed 

literature. Support Care Cancer 2020 Mar;28(3):1469-1479 [FREE Full text] [CrossRef] 

[Medline] 

26. Rincon E, Monteiro-Guerra F, Rivera-Romero O, Dorronzoro-Zubiete E, Sanchez-

Bocanegra CL, Gabarron E. Mobile Phone Apps for Quality of Life and Well-Being 

Assessment in Breast and Prostate Cancer Patients: Systematic Review. JMIR 

Mhealth Uhealth 2017 Dec 04;5(12):e187 [FREE Full text] [CrossRef] [Medline] 

27. Fjell M, Langius-Eklöf A, Nilsson M, Wengström Y, Sundberg K. Reduced symptom 

burden with the support of an interactive app during neoadjuvant chemotherapy for 

https://www.macmillan.org.uk/_images/oncology-treatment-toxicity-risk-assesment-tool_tcm9-317392.pdf
https://www.macmillan.org.uk/_images/oncology-treatment-toxicity-risk-assesment-tool_tcm9-317392.pdf
https://publications.cancerresearchuk.org/publication/your-cancer-treatment-record
https://publications.cancerresearchuk.org/publication/your-cancer-treatment-record
https://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6880820&dopt=Abstract
https://dx.doi.org/10.1200/JCO.1993.11.3.570
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8445433&dopt=Abstract
https://dx.doi.org/10.1007/s11136-014-0763-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25064207&dopt=Abstract
https://resources.newzoo.com/hubfs/Reports/2019_Free_Global_Mobile_Market_Report.pdf?utm_campaign=Mobile%20Report%20Launch%202019&utm_medium=email&_hsmi=76926953&_hsenc=p2ANqtz-89x4T2btXVJKqJdGMpH4qgunYVoBpK-WQcP7CVBChEtlHzKLTe3WYFI_B0sDIT9Fj1WSqdrdN02hTlJsFFArkBsaM0Qg&utm_content=76926953&utm_source=hs_automation
https://resources.newzoo.com/hubfs/Reports/2019_Free_Global_Mobile_Market_Report.pdf?utm_campaign=Mobile%20Report%20Launch%202019&utm_medium=email&_hsmi=76926953&_hsenc=p2ANqtz-89x4T2btXVJKqJdGMpH4qgunYVoBpK-WQcP7CVBChEtlHzKLTe3WYFI_B0sDIT9Fj1WSqdrdN02hTlJsFFArkBsaM0Qg&utm_content=76926953&utm_source=hs_automation
https://dx.doi.org/10.1177/0269215518820093
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30582361&dopt=Abstract
http://europepmc.org/abstract/MED/31273501
https://dx.doi.org/10.1007/s00520-019-04945-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31273501&dopt=Abstract
https://mhealth.jmir.org/2017/12/e187/
https://dx.doi.org/10.2196/mhealth.8741
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29203459&dopt=Abstract


 160 

breast cancer - A randomized controlled trial. Breast 2020 Jun;51:85-93 [FREE Full 

text] [CrossRef] [Medline] 

28. Zheng C, Chen X, Weng L, Guo L, Xu H, Lin M, et al. Benefits of Mobile Apps for 

Cancer Pain Management: Systematic Review. JMIR Mhealth Uhealth 2020 Jan 

23;8(1):e17055 [FREE Full text] [CrossRef] [Medline] 

29. Gustavell T, Sundberg K, Langius-Eklöf A. Using an Interactive App for Symptom 

Reporting and Management Following Pancreatic Cancer Surgery to Facilitate 

Person-Centered Care: Descriptive Study. JMIR Mhealth Uhealth 2020 Jun 

17;8(6):e17855 [FREE Full text] [CrossRef] [Medline] 

30. Langius-Eklöf A, Christiansen M, Lindström V, Blomberg K, Hälleberg Nyman M, 

Wengström Y, et al. Adherence to Report and Patient Perception of an Interactive 

App for Managing Symptoms During Radiotherapy for Prostate Cancer: Descriptive 

Study of Logged and Interview Data. JMIR Cancer 2017 Oct 31;3(2):e18 [FREE Full 

text] [CrossRef] [Medline] 

31. Denis F, Viger L, Charron A, Voog E, Dupuis O, Pointreau Y, et al. Detection of lung 

cancer relapse using self-reported symptoms transmitted via an internet web-

application: pilot study of the sentinel follow-up. Support Care Cancer 2014 

Jun;22(6):1467-1473. [CrossRef] [Medline] 

32. Rosen KD, Paniagua SM, Kazanis W, Jones S, Potter JS. Quality of life among women 

diagnosed with breast Cancer: A randomized waitlist controlled trial of commercially 

available mobile app-delivered mindfulness training. Psychooncology 2018 

Aug;27(8):2023-2030. [CrossRef] [Medline] 

33. Golsteijn RHJ, Bolman C, Volders E, Peels DA, de Vries H, Lechner L. Short-term 

efficacy of a computer-tailored physical activity intervention for prostate and 

colorectal cancer patients and survivors: a randomized controlled trial. Int J Behav 

Nutr Phys Act 2018 Oct 30;15(1):106 [FREE Full text] [CrossRef] [Medline] 

34. Kanera IM, Willems RA, Bolman CAW, Mesters I, Verboon P, Lechner L. Long-term 

effects of a web-based cancer aftercare intervention on moderate physical activity 

and vegetable consumption among early cancer survivors: a randomized controlled 

trial. Int J Behav Nutr Phys Act 2017 Feb 10;14(1):19 [FREE Full text] [CrossRef] 

[Medline] 

https://linkinghub.elsevier.com/retrieve/pii/S0960-9776(20)30083-7
https://linkinghub.elsevier.com/retrieve/pii/S0960-9776(20)30083-7
https://dx.doi.org/10.1016/j.breast.2020.03.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32247251&dopt=Abstract
https://mhealth.jmir.org/2020/1/e17055/
https://dx.doi.org/10.2196/17055
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012088&dopt=Abstract
https://mhealth.jmir.org/2020/6/e17855/
https://dx.doi.org/10.2196/17855
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32554375&dopt=Abstract
https://cancer.jmir.org/2017/2/e18/?__hstc=102212634.5a303b49cb3d251bb41c156cd30b7fda.1681850321673.1682703538894.1690356325559.3&__hssc=102212634.1.1690356325559&__hsfp=225399707
https://cancer.jmir.org/2017/2/e18/?__hstc=102212634.5a303b49cb3d251bb41c156cd30b7fda.1681850321673.1682703538894.1690356325559.3&__hssc=102212634.1.1690356325559&__hsfp=225399707
https://dx.doi.org/10.2196/cancer.7599
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29089290&dopt=Abstract
https://dx.doi.org/10.1007/s00520-013-2111-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24414998&dopt=Abstract
https://dx.doi.org/10.1002/pon.4764
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29766596&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-018-0734-9
https://dx.doi.org/10.1186/s12966-018-0734-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30376857&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0474-2
https://dx.doi.org/10.1186/s12966-017-0474-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28187725&dopt=Abstract


 161 

35. Warrington L, Absolom K, Conner M, Kellar I, Clayton B, Ayres M, et al. Electronic 

Systems for Patients to Report and Manage Side Effects of Cancer Treatment: 

Systematic Review. J Med Internet Res 2019 Jan 24;21(1):e10875 [FREE Full text] 

[CrossRef] [Medline] 

36. Liao Y, Thompson C, Peterson S, Mandrola J, Beg MS. The Future of Wearable 

Technologies and Remote Monitoring in Health Care. Am Soc Clin Oncol Educ Book 

2019 Jan;39:115-121 [FREE Full text] [CrossRef] [Medline] 

37. Prey JE, Woollen J, Wilcox L, Sackeim AD, Hripcsak G, Bakken S, et al. Patient 

engagement in the inpatient setting: a systematic review. J Am Med Inform Assoc 

2014;21(4):742-750. [CrossRef] [Medline] 

38. Bradley-Roberts E, Subbe C. Role of Psychological Resilience on Health-Outcomes in 

Hospitalized Patients with Acute Illness: A Scoping Review. Acute Med 

2017;16(1):10-15. [Medline] 

 
 
 
  

https://www.jmir.org/2019/1/e10875/
https://dx.doi.org/10.2196/10875
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30679145&dopt=Abstract
https://ascopubs.org/doi/10.1200/EDBK_238919?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://dx.doi.org/10.1200/EDBK_238919
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31099626&dopt=Abstract
https://dx.doi.org/10.1136/amiajnl-2013-002141
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24272163&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28424799&dopt=Abstract


 162 

4.7 Paper 7: Express Check-In: Developing a Personal 
Health Record for Patients Admitted to Hospital with 
Medical Emergencies – A Mixed Method Feasibility Study   

 

Published in: Int J Qual Health Care. 2021 Sep 12;33(3):mzab121. doi: 

10.1093/intqhc/mzab121. 

 

Authors  

Christian P Subbe, DM, FRCP PGCert Medical Education, Ysbyty Gwynedd, Bangor and 

Senior Clinical Lecturer, School of Medical Sciences, Bangor University, Bangor LL57 2DG, 

UK; c.subbe@bangor.ac.uk 

Hawys Tomos, Helen Hamlyn Centre for Design at the Royal College of Art - Howie St, 

Battersea, London SW11 4AY; hawys.tomos@network.rca.ac.uk 

Gwenlli Mai Jones, Cardiff University & Ysbyty Gwynedd, Bangor, Penrhosgarnedd, Bangor 

LL57 2PW, gwenllimai@hotmail.co.uk, jonesgm14@cardiff.ac.uk 

Paul Barach, Clinical Professor; Children’s Hospital of Michigan, Wayne State University 

School of Medicine, 3901 Beaubien Blvd, Detroit, MI 48201, USA; pbarach@gmail.com 

 

 

 

 

  

https://academic.oup.com/intqhc/article/33/3/mzab121/6354901
https://academic.oup.com/intqhc/article/33/3/mzab121/6354901
mailto:hawys.tomos@network.rca.ac.uk
mailto:gwenllimai@hotmail.co.uk
mailto:jonesgm14@cardiff.ac.uk


 163 

ABSTRACT  

Background  

Patient participation is increasingly recognized as a key component in the redesign of 

health care processes and is advocated as a means to improve patient safety. We explored the 

usage of participatory engagement in patient-created and co-designed medical records for 

emergency admission to hospital. 

Methods   

Design: Prospective iterative development and feasibility testing of personal health records. 

Setting: An Acute Medical Unit in a University affiliated hospital.  

Participants: Patients admitted to hospital for medical emergencies.  

Interventions: We used a design-led development of personal health record prototypes and 

feasibility testing of records completed by patients during the process of emergency 

admission. ‘Express-check-in’ records contained items of social history, screening questions 

for sepsis and acute kidney injury, in addition to the patients’ ideas, concerns and 

expectations.   

Main outcomes measures: The outcome metrics focused on feasibility and a selection of 

quality-domains: Effectiveness of recording relevant history, time-efficiency of 

documentation process, patient centredness of resulting records, staff and patient feedback. 

The incidence of sepsis and acute kidney injury were used as surrogate measures for 

assessing the safety impact.  

Results  

The medical record prototypes were developed in an iterative fashion and tested with 

100 patients in which 39 patients were 70 or older, and 25 patients were classified as 
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clinically frail. 96% of the data items were completed by patients with no or minimal help 

from healthcare professionals. The completeness of these patient records was superior to that 

of the corresponding medical records in that they contained deeply held beliefs and fears, 

whereas concerns and expectations recorded by patients were only mirrored in a small 

proportion of the formal clinical records. The sepsis self-screening tool identified 68% of 

patients requiring treatment with antibiotics. The intervention was feasible independent of the 

level of formal education and effective in frail and elderly patients with support from family 

and staff. The prototyped records were well received and felt to be practical by patients and 

staff. The staff indicated that reading the patients’ documentation led to significant changes 

in their clinical management.  

Conclusions  

Medical record accessibility to patients during hospital care contributes to the co-

management of personal health care and might add critical information over and above the 

records compiled by healthcare professionals.  

 

Keywords 

Emergency admission, personal health record, co-production, patient-centred 
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INTRODUCTION 

Policy makers have expressed the belief that health care needs to shift from a model 

where the patient is seen as a passive spectator in his or her own healing process, to a 

participatory model in which Personal Health Records (PHRs) could empower patients while 

making health care professionals more aware of the underlying patients safety risks(1).  

The admission process to hospital is a key, anxiety provoking moment in the patient’s 

journey and a focus of intense training for medical and nursing trainees. Documentation is 

exclusively done by healthcare staff and comes at a measurable expense of working time(2). 

PHRs promote meaningful engagement and might improve key aspects of care (3). 

PHRs have been used in primary care and long-term disease management but evidence for  

hospital usage remains limited and knowledge about the safety impact of PHRs is largely 

confined to medication safety(4).  Previous work by our group demonstrated that patients are 

able to participate in their own safety management in acute care settings even while admitted 

for emergency treatment in hospital(5).  

       We report the results from the Express-Check-in patient engagement project aimed at 

developing and testing novel documentation formats to support patient contribution to their 

own health records during emergency hospital admissions. In particular we aimed to  

1. determine the feasibility of patients contributing to their health records in this setting. 

2. measure patient satisfaction, and  

3. record the healthcare worker’s impressions on the value of patient contributions to the 

work of health care workers. 
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METHODS 

Study Design and Settings 

We conducted a prospective mixed-method study in the Acute Medical Unit (AMU) 

of a university-affiliated District General Hospital in Wales, UK. AMUs receive patients with 

medical emergencies who are referred to hospital either directly from General Practitioners or 

after self-presentation to the Emergency Department to establish an underlying condition, 

initiate treatment where required and monitor patient progress. Severity of illness of attending 

patients is variable with 5 to 10% suffering from a potentially life-threatening condition (6,7). 

The study AMU consisted of an assessment area with 5 trolleys, an ambulatory care area with 

3 trolleys and a bedded area with 23 beds.  

Participants  

Inclusion criteria: Adult patients aged 18 years or older referred to the AMU for 

assessment due to a medical emergency from General Practice. Patients who were critically 

ill as indicated by a value of the National Early Warning Score (NEWS) of more than 6 and 

patients receiving end-of-life care were excluded.  

Development of the intervention 

Prototype Development 

The Personal Health Record prototype was developed and tested through an iterative 

design process involving ethnographic observations and a series of workshops over a 12-

months period (Figure 1).  

a. A residential two-day workshop was held at the Pontio Innovation Lab(8) at Bangor 

University in 2018. The workshop was facilitated by a team trained improvement 

science and human-centred design. The workshop included equal participation from 

clinicians and patient representatives. The workshop identified transfer of information 
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between patients and clinicians as a uniquely problematic design challenge and 

suggested potential interventions including a personal health ‘passport’ containing 

safety-critical information.  The proceedings from the workshop have been submitted 

for publication elsewhere (under review and available upon request).  

b. Ethnographic observations (9,10) were conducted over a five day period in March 

2019 and focused on patients’ experiences in the AMU. Four researchers (MD, BE, 

BJ, BS) used predominantly a ‘fly-on-the-wall’ technique’(11) by passively observing 

patients and staff. Direct observation discerned that communication between patients 

and clinical teams tended to commonly be a one-way process (“talking at the patient”) 

or task-based (“your test is at 10:00”).  In the presence of medical staff very few 

patients were seen to ask questions or talk about things that worried them. The 

observers noted that patients spent extensive time waiting and preparing to be seen by 

their medical team and that this period of time constituted a potential opportunity for 

patients to actively contribute to their care by documenting their concerns and 

questions. Confirmative interviews were conducted with patients, doctors and nurses. 

The observations and reflections were collated daily in a semi-structured debriefing 

with one of the authors (CPS).  

c. Development of prototype: This information was utilised during rapid-design 

workshops, facilitated by faculty trained in human-centred design (HT) to ideate and 

develop concepts.  

d. Concepts were prototyped by the team and subsequently iterated and pilot tested on a 

group of patients.  

e. The improved proto-type was used for the feasibility testing. 

f. The final iteration of the Personal Health Record was implemented into clinical 

practice (Appendix 1). 
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The Intervention 

The study intervention was informed by recommendations about data fields of UK 

clinical records from the Royal College of Physicians Health informatics Unit(12). The 

product was cross-referenced with data items collected from existing clinical documentation 

and good practice for consultation including with questions about the patient’s condition, 

social history, ideas about the nature of their admission, concerns about their health and 

hospital stay and expectations(13). The social history was identified as an area of high 

importance for care planning(14). 

Items related to sepsis and acute kidney injury were included as surrogates for 

potential safety impact: The sepsis screening questions were developed in a previous 

study(15) as indicative of sepsis: ‘Do you think you have an infection?’ and ‘In the past week, 

have you experienced any fever, chills or abnormal sweating?’. A coloured and numbered 

chart based on the NHS Wales KidneySafeBracelet (5) (Figure 2) was used to identify 

potential acute kidney injury:  numbers 1 to 3 correspond to more dilute urine and numbers 4 

to 6 represent more concentrated urine. The number 7 is red, indicating haematuria. Data 

items readily available from other sources were excluded (previous medical history from 

primary care record, medication history from electronic record, vital signs from care records).  

Feasibility testing of the intervention 

A convenience sample of patients presenting to the AMU during office hours was 

recruited. The patient participants were screened after an initial assessment by a triaging 

nurse. The patients were given information sheets about the study and all study subjects gave 

written consent. The patients filled out their study records, and these were filed with their 

clinical records. The patient participants were followed up in the hospital on the day after 
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recruitment for interventions related to sepsis (antibiotic prescription) and acute kidney injury 

(intravenous fluid prescription). 

Study of the Intervention 

We conducted iterative testing of the intervention during two, four-week periods in 

March/April and May/June 2019. The results of the intervention were compared to the 

documentation in clinical records by  healthcare professionals. No formal sample size 

calculation or assessment of bias were undertaken.  

Measurement  

     The intervention was assessed using validated metrics of quality(16) including 

effectiveness, efficiency, patient satisfaction and staff satisfaction, and defined as follows:  

i. Effectiveness of the intervention: ‘Are patients able to complete the records?’ For the 

purpose of the study, the patients were assessed at time of their presentation. Relatives, 

friends, formal or informal carers with the patient were permitted to assist patients in 

completing their medical records. Additionally the response to patient reported indicators 

of sepsis and acute kidney injury was reviewed. 

ii. Efficiency: The duration of time required to complete the record was measured in a 

convenience sample of the patients recruited.  

iii. Patient-centredness: Patient documented their ideas, concerns and expectations in 

relation to the care episode. Clinical records by medical staff including the documentation 

of the admitting doctor and the first encounter with the admitting consultant were 

screened manually for any evidence that ideas, concerns and expectations of patients were 

referenced and addressed during the subsequent clinical encounters. 

iv. Patient satisfaction: The feedback from patients was collected within 24 hours of 

completion of the record using five tailored statements related to the experience of 



 170 

completing records, a comparison to past experience of the admission process and views 

on future preferences. The replies were graded with 5-point Likert scales ranging from 

‘strongly agree’ to ‘strongly disagree.’ (Appendix 2) 

v. Staff satisfaction: Feedback from staff was collected through a bespoke survey on the 

acceptability and usability of the patient record (Appendix 3). The staff were interviewed 

within 24 hours of completion of the record and asked to rate the unique value of the 

patient documentation on a scale from 1 to 10 and to confirm their awareness of patient 

concerns. The staff feedback forms were linked to specific patient participant numbers in 

order to assess potential association with patient characteristics.  

Data Analysis  

Qualitative and quantitative data were collected and analysed. The differences 

between groups were assessed using independent T-testing for normally distributed variables 

and Mann-Whitney U tests were used for non-normally distributed variables. Chi-square or 

Fisher’s exact test were used for the categorical variables. Analyses were performed using 

SPSS software (SPSS version 22.0, IBM, Armonk, NY, USA). P-values of less than 0.05 

were as regarded as significant.  

Sub-group analysis were performed in order to understand the variation within the 

data: The patient-participants were characterized by age, gender, level of formal educational, 

frailty using the Clinical Frailty Scale(17), severity of acute illness using the National Early 

Warning Score (NEWS) (18) and whether they presented alone in order to understand the 

contextual elements that might contribute to the success, failure and cost of their care.  

The Completeness of data was calculated as a percentage of data entry fields 

completed by patient participants. The accuracy of data was evaluated through a close 

comparison with nursing and medical records.  
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The qualitative data was used to inform our deeper understanding about patient and 

staff communication, acceptance of the intervention, and any feedback about the medical 

record design and effectiveness but was not formally analysed. 

Ethical considerations 

The ethics approval was granted for this study by the Research Ethics Committee, 

Bangor [18/WA/0110]. None of the authors reported conflicts of interest in relation to the 

study.   

The reporting followed the revised Standards for Quality Improvement Reporting 

Excellence (Squire 2.0)(19).  

 

RESULTS 

Recruitment 

A total of 162 patients were screened and 100 patients were included for further 

analysis during two two-week periods in 2019. Of the patients screened 27 were excluded 

based on criteria stated above, and 30 declined due to feeling unwell, tiredness, concern of 

not understanding the questions, inability to write due to hand pain, inability to see the 

questions due to poor eyesight or lack of interest; 5 patients were lost to follow-up.  

Participants 

The characteristics of the patient population are summarized (Table 1). Thirty-nine 

patients were 70 years old or older, 25 patients were classified as frail and 33 patients needed 

assistance from a partner or family member to complete the questionnaire. Of the 25 patients 

who were classified as frail, 18 had limited formal education (p<0.000), 10 required help with 

a walking aid (p<0.000) and 20 (80%) received help completing the questionnaire. 
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Measures of Quality 

i. Effectiveness 

The completeness of record documentation for social history and warning signs for 

acute kidney injury and sepsis were assessed.  

Social history: The rate of completion for data items of the social history by patients 

was 96% (SD 6%) and all but 5 patients completed more than 90%. Completion rate was not 

affected by the level of frailty, severity of illness or educational status (Chi-Square test n.s.).   

The rate of completion by admitting doctors was 59% (SD 23%) and was much lower than 

patient record completions (Wilcoxon Signed Ranks-test (p<0.000)). 

Screening for sepsis and Acute Kidney Injury: 96 patients completed the sepsis self-

screen questionnaire. 31 patients received antibiotics. Each affirmative answer to the two 

screening questions was scored with one point: A high proportion of patients who 

subsequently received antibiotics scored two points on the self-screen i.e. 21 of 25 (84%) 

who scored two, 7 of 22 (32%) who scored one and 2 of 49 (4%) who scored zero points 

(Chi-Square test p<000). A score of two points identified 68% of patients requiring treatment 

with antibiotic. No differences were noted in the number of patients receiving intravenous 

fluids. Ninety-four patients completed the Acute Kidney Injury self-screening question: The 

28 patients with concentrated urine (4 or above on a scale from 0 to 9) were more likely to 

receive intravenous fluid (12 patients, p<0.005) but not more likely to be diagnosed with 

Acute Kidney Injury (4 patients, p=.83) than those patients with more dilute urine.  

ii.  Efficiency 

The time required to complete the records was measured in a sample of 53 patients. 

The completion took a mean of 7 minutes (standard deviation 3.5 minutes). There was no 
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differences in the times taken between patients who were frail and those who were not frail 

(p=.92) and between patients who received help and those who completed the questionnaire 

on their own (p=.48). 

iii.  Patient centredness 

Seventy-five patients documented ideas about their health condition, 72 recorded 

concerns and 85 specified expectations they wanted met (Table 2: sample quotations). Of 

ideas expressed by patients, 65% matched those documented by doctors as part of their 

differential-diagnosis. In only 12 of the 75 patients, were the documented patient concerns 

explicitly addressed subsequently in the medical or nursing records.  

iv. Patient Satisfaction  

A total of 41 feedback-cards were collected from patients, 14 of these patients were 

frail.  To the question ‘I enjoyed writing in my hospital notes’ 38 (93%) agreed or strongly 

agreed. 28 patients (68%) agreed or strongly agreed that they would like to contribute more 

to their hospital documentation. When asked to compare their experience to their experience 

of a previous hospitalization, where applicable, 23 patients (64%) preferred to contribute to 

their documents. Preferences were unrelated to degree of frailty (p=.217; Chi-square test). 

Patients commented on the level of effort required to complete the record: “That was 

easy enough”, “It gives me something to do whilst I wait”. Patients appreciated the 

opportunity to document their views but were worried about adverse consequences of 

omitting important features:  

“If I'm being honest, I like the idea, and thank you for inviting us to help, but I get 

forgetful. I'm scared that I'll forget to write important medical information. I don't know 

what's important to write down and what's not”.  

v.  Staff Satisfaction  
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Twenty-four staff feedback forms were collected: 10 from nurses, 10 from doctors, 

three from senior medical students and one by another member of the clinical team. Eleven 

cards (46%) related to frail patients: Twenty staff (83%) rated the value of patient 

documentation for their work 6 or higher on the 10-point rating scale. The rating was 

unrelated to professional group. Staff were only partially aware or totally unaware of 

concerns of 9/11 (82%) frail patients and 3/13 (23%) of non-frail patients. The staff indicated 

that reading the patient’s documentation led to a significant change in their clinical 

management (8 patients) or partial change in patient management (10 patients).  Medical 

staff commented that “this makes patients more engaged”. Another doctor stated that “I 

would be more likely to look in this rather than the nursing notes, because I can never find 

anything in the nursing notes!”.  

 

DISCUSSION 

Statement of principal findings 

We demonstrated that records can be competently completed by a significant 

proportion of patients even in emergency settings,  including frail patients when supported by 

carers assisting them, and that these add significant value to clinical decision making as 

assessed by physicians and nurses. Completion rates for the social history were higher for 

patients than for clinicians. The use of patient generated medical records was related to 

several dimensions of quality: it was time-efficient for patients and patients and staff widely 

praised the study records acceptability.  

Strength and limitations 

Our study has significant limitations:  First, the present study has the inherent 

challenges of being conducted in a single centre. From the experience of the authors of 
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working in over 30 hospitals on four continents if would appear that the processes that we 

observed might still be representative of the ways that patients are assessed on admission to 

hospital in many settings both in the United Kingdom and further afield. Our iterative 

approach could hence be applied in comparable settings. Second, patients with serious 

physiological instability and those receiving end of -life-care were excluded because of 

concerns about the validity of the consent process in this patient population. It is possible that 

a proportion of these excluded patients and/or their carers might have been able to contribute 

to their care. Third, it is perceivable that paper documentation might have been more suitable 

for our comparatively elderly patient cohort who might have struggled with digital 

technology(20). Integration of patient generated records into an existing documentation 

system or indeed an electronic health record was not tested in this study but was in a 

subsequent study(21). Finally, we did not formally assess the cost of implementing our 

intervention. 

Interpretation within the context of the wider literature 

The discrepancy between ideas, concerns and expectations voiced by patients and the 

lack of their documentation in clinical records is concerning. While a patient-centric 

approach is advocated in training guidelines and by policy makers, it is not consistent with 

the way healthcare systems including medical documentation systems are set up. Key patient 

social information, which can impact patient’s needs, is all too often as documented in our 

study, unidentified, undocumented and overlooked by clinicians (22,23).  

 Several studies have compared the completeness of the history obtained by patient-

completed documentation as compared with healthcare professional entries into medical 

notes in primary care(24), orthopaedic surgery outpatients(25), emergency medicine(26) and 

surgical emergency admissions presenting with a single symptom (abdominal pain)(27). 

Hershey(24) and Boissonnault(25) found that less complex and closed questions improved 
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completion rates and accuracy of patient-completed documents. Renggli(26) and 

Saravanan(27) reported, similar findings to our study, in which patients completed their 

relevant items at a much higher rate of completion then that completed by their healthcare 

professionals.  

Implications for policy, practice and research 

The cost of documentation in clinical care is determined by the cost of the recording 

system(28) and the time for data entry and retrieval as well as changes to work-efficiency by 

having access to the right information in the right place at the right time(29). Documentation 

consumes a quarter of the working time of nurses and doctors (2) and constitutes up to 40% 

of working time required for the admission of new patients(2,30): Implementing self-

documentation by patients represents a major opportunity for redesign of clinical workflows  

and could serve the dual purpose of reducing workload of health care staff, whilst promoting 

better patient engagement and safety. The establishment of Express-check-in and Express- 

check-out facilities in hotels and airports served as inspiration for this project and is reflected 

in its name. We appreciate that the effects of transferring tasks from staff to patients might 

affect their relationship and work satisfaction of staff and this requires further research. 

Conclusions  

Personal Health Records are increasingly used in primary care and chronic disease 

programs. A comparable approach appears achievable and inevitable for documentation 

during emergency hospital admission. We demonstrated the feasibility, efficiency and 

efficacy of a patient-delivered record and its potential to contribute to patient-centred hospital 

documentation. The evidence for impact on clinical outcomes will require larger studies. We 

demonstrated improved completeness of records even in patients who were frail, elderly, or 

had limited formal education.  
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Further investigation is required to measure the impact of the approach on safety 

outcomes and formal measures of work-flow and health economics as part of an integrated 

health record systems study.  
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Table 1: Characteristics of Patient Participants (n=100) 

Category  Median / N  

Age (years) Median age 60 years (IQR 40-

70) 

Gender  53 female, 47 male 

Frailty as measured by the Clinical Frailty Scale 

(CFS) 

  

Median CFS 3 (‘managing well’) 

(IQR 2-5) 

Use of a walking aid or help required with walking  16 patients 

Educational status  

General Certificate of Secondary Education or 

equivalent 

A-levels or equivalent  

No educational qualification 

 

41 patients 

55 patients 

4 patients 

National Early Warning Score on admission Median score 1 (IQR 0-2) 

IQR: Interquartile range 
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Table 2: Quotes from the Patient Recorded Documentation  

I. Do have any ideas about what’s causing your current symptoms? If so, what 

are they?  

“Bleed in gut. Black stools.” (Medical diagnosis: Upper gastro-intestinal bleed) 

“Self-inflicted stupidity - drugs.” (Medical diagnosis: Groin abscess after drug 

injection) 

“Fluid on the lung or chest infection.” (Medical diagnosis: Community acquired 

pneumonia with pleural effusion) 

II. What are your worries or fears currently (if any)? 

“To end my life in peace without too much pain.” 

“That I’ll be in a wheelchair forever.” 

“Taking blood or anything needle-related.” 

"I've been suffering with panic attacks since the number of infections I get is 

increasing". 

III. Is there anything specifically you were expecting or hoping the hospital 

staff could do for your during this visit? 

“To get mobile again and enjoy life to the full.” 

“Allocated to a more permanent ward, not moved around.” 

“Reassurance and help with pain.” 
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Figure 1: A conceptual framework/flow chart provides a visual representation of the iterative 

development process of the personal health record prototype for usage by patients admitted 

with medical emergencies. The prototypes were developed during an innovation lab (a) in 

2018. Ethnographic observations in March 2019 led to modifications of the prototype with 

further changes during subsequent Plan-Do-Study-Act (PDSA) cycles, a four-stage rapid 

cycle improvement model used for improving a process or carrying out change in 

March/April 2019. Clinical testing (e) was undertaken in April, May and June 2019. 
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Figure 2 

KidneySafeBracelet: patients are requested to inform their clinical team of the colour of their 

urine as compared to the colours on the bracelet. Bracelets are single patient-use only . 
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Supplementary material  

 

APPENDIX 1  

Sample pages from the EXPRESS-Check-in document. The original is A4 sized. The 

document was developed in iterative cycles. The sample if from the final version and 

shows the lay-out and key topics. The use of icons structured the content, and a large font 

was chosen to help visually impaired patients.    
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APPENDIX 2 

Patient feedback questionnaire. The questionnaire was handed to a sample of patients 

subsequently to completing their records  
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APPENDIX 3 

Staff feedback survey. The survey was disseminated to staff including doctors and nurses 

after admission of a patient who had completed a personal health record.  
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5. Summary of submitted work  

 

In this chapter I will summarize the work that forms part of the submission and 

outline the key learnings.  

 

5.1. Digital Healthcare as an enabler of patients’ safety: 

Scoping reviews   

 

Electronic platforms are a key enabler of scalable interventions to facilitate safer care. 

To understand the electronic landscape, I conducted the following literature reviews: 

 

(i) Safety Electronic health records 

Zegers and colleagues have created a framework for interventions to reduce adverse 

events in hospital (Zegers et al., 2016). By undertaking a systematic review of systematic 

reviews, they identified 14 themes in hospital safety. Their published search algorithm 

was applied to studies examining the implementation of Electronic Health Records 

(EHRs) (Subbe, Tellier and Barach, 2021). Given that EHRs are multi-million-pound 

investments it is surprising how few observational or interventional studies have been 

published by health service researchers or indeed EHR companies. The few identified 

studies showed clear benefit through a reduction of prescribing errors. Other possible 

effects were not examined. The literature search was supplemented by a targeted search 

using names of leading brands of EHRs, showing again no convincing evidence that the 

investment into EHRs translates into measurable changes in patient outcomes. The 

absence of evidence for effectiveness is not necessarily an absence of effectiveness. It 

would however be unusual that companies would hold back data on improved outcomes 

if they would be available.  

 

The published scoping review of electronic records was supplemented by two further 

reviews of the literature not included in this submission:  an unpublished search of the 

literature on Personal Health Records (PHRs) and a published review of use of wearable 

sensors in urgent and emergency care: PHR are a specific application of EHRs which can 

be used in hospital or at home. I discovered limited evidence that safety impact had been 

measured for patients admitted to hospital. My findings were mirrored in a 
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contemporaneous published review of the same topic (Kelly, Coller and Hoonakker, 

2018). 

 Deterioration of patients in hospital is often predicted by changes in vital signs 

(Subbe et al., 2001). Many patients now own smart-watches or other devices that are able 

to measure vital signs at home. I led a scoping review of the literature on use of 

wearables in urgent and emergency care. Despite the recent explosion in the number of 

wearable sensors in the consumer and medical market I found little evidence that data 

from devices has been used to improve safety of patients in the community or during 

assessments in urgent and emergency care (Hamza et al., 2021).     

 

(ii) Patients suffering with cancer are a subgroup of patients that might be worth of 

special attention a case-study for the examination of safety incidents: Patients receive 

powerful treatments with chemotherapy, radiotherapy, immune-therapy or other 

treatments which have well described side effects that occur at often predictable times 

after treatment. I therefore led a critical appraisal of mHealth applications with a specific 

view of effects on a range of clinical outcomes including adverse events (Osborn et al., 

2020). The review found that mHealth applications did focus predominantly on education 

and wellbeing of patients with limited evidence for design of trials that would impact on 

dimensions of the tipple aim (The IHI Triple Aim | IHI - Institute for Healthcare 

Improvement, no date) such as morbidity or mortality patient satisfaction or health 

economic metrics.  

 

5.2. Co-design of safety interventions for sick patients 

in acute and emergency care  

 

Co-design and co-production include methods that allows patients and staff to 

participate in the creation of services. There is convincing evidence that co-production 

can lead to better services and patient outcomes at a lower cost for the care of patient 

groups and that shared decision making between patients and clinicians improves 

outcomes for individual patients. In acute care co-production and shared decision making 

can be challenging as patients can be sick, delirious, or comatose and have only limited 

capability of collaborating in their own care and safety of care.  

 

I explored the use of Personal Health Records with a stakeholder group of health 

service researchers, information technology specialists, clinicians and patient 
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representatives hosted by the Health Informatics Unit of the Royal College of Physicians 

(Subbe, Øvretveit, et al., 2019). Mixed groups of participants reviewed a sample of 

clinical case studies and collated barriers and facilitators for implementation and impact 

of PHRs. While there was consensus that Personal Health Records offered opportunities 

for patients and families to be involved in care processes, patient representatives were 

concerned that differences in health and digital literacy could lead to further 

disadvantages for patient groups who already face challenges.  

 

Scenario based design (Rosson et al., 2002) observes behaviours and interactions, 

with objects or people, in typical scenarios to inform the design of healthcare 

interventions. In order to gain more direct insights into the potential of PHRs to support 

safer care we conducted an observational study in a simulated hospital environment 

(Subbe et al., 2020). We asked patients with different capabilities, including older people 

with frailty, to use a commercially available PHR. Direct observation revealed significant 

challenges in the application and highlighted limitations for the application of PHRs in 

hospital in general, and for time-sensitive safety applications in particular. 

 

Together with the Team from ‘Pontio Innovation’ I then coordinated two workshops 

to design safety interventions for patients in an acute care hospital environment. The 

structure of the workshops followed an epistemological method of prototypology that has 

been developed at Bangor University: The BASE-methodology (Goodman, Pierce and 

Owen, 2013; Parkinson, Eccles and Goodman, 2014). The methodology assumes that 

knowledge about a design challenge is distributed between those who experience a 

service as patients or clinicians, those who have knowledge of the Business sense, the 

Aesthetic, the underlying Science and the practicalities of Engineering. By creating agile 

groups with participants from each of these backgrounds the methodology is uniquely 

able to discover and define design challenges and develop and deploy solutions. I 

described the methodology for the first time in its application in emergency care (Subbe, 

Goodman and Barach, 2022). 

 

We undertook two workshops: The first workshop examined the challenge of 

deteriorating patients in hospital and identified patient-held checklists as a viable 

intervention. For practical reasons this intervention was subsequently tested outside of 

hospital with patients undergoing treatment for cancer (Jones et al., 2020).  Patients who 

receive treatment for cancer have highly predictable side-effects during a definable time 
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window following treatment (often within two weeks). This made testing of the principle 

of patient-held checklists viable with a smaller patient sample. The second workshop 

examined the transfer of information between patients presenting as emergencies and 

secondary care providers on admission to hospital. The recommended intervention was a 

patient-generated and held personal health record containing safety critical information 

(Subbe et al., 2021).  

The prototypes from both workshops were subsequently tested in interventional trials 

(see below). 

  

 

5.3. Interventional studies  

The co-produced prototypes from the workshops were subsequently further 

developed with patients and healthcare professionals and tested in intervention trials:  

 

(i) Patient-held checklists  

The ‘Keep-Me-Safe’ mHealth application is a checklist of side-effects for patients 

undergoing systemic treatments for cancer based on a commonly used checklists for 

health care professionals (Jones et al., 2020). The application was tested for 60 days by 

50 patients and their net-worked friend or family member (‘safety-buddy’). The 

application was persistently used for the study period and feedback from users was very 

positive. The feasibility study was not powered to show clinical impact. but no adverse 

events were observed. The use of peer support between lay people in a social network as 

an intervention for improving safety is novel: we all look for help if we are poorly and 

those who are close to use are uniquely placed to support. Using Michie’s behaviour 

change wheel (Michie, van Stralen and West, 2011) the use of peer support brings 

together capability, opportunity and motivation to detect and escalate the care of 

deteriorating patients in and outside of hospital. We have previously described the use of 

modular redundancy (Subbe, Duller and Bellomo, 2017) as a safety principle: In modular 

redundant systems safety critical tasks are carried by a number of parts or partners. This 

means that failure or error of an individual does not automatically results in catastrophic 

consequences as other individuals hold the same knowledge and are able to intervene. 

The principle of modular redundancy is integral to high reliability industries but rare in 

patient safety and has to my knowledge never been described with a patient or relative as 

part of a redundant system. The application in a digital intervention is therefore scalable. 

A multi-centre study is now required to test whether the principle of patient held 
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checklists improves clinical care and patient satisfaction. In the same vein further 

research is required to identify the optimal number of ‘safety-buddies’ for individual 

patients and the impact of close friendship or kinship on reliability of the process.  

 

 

(ii) Patient-generated and held personal health record 

A patient-generated and held personal health record (Subbe et al., 2021) to facilitate 

safe admission to hospital for those with medical emergencies was tested in 50 patients: 

the overwhelming majority of patients were able to use the paper version of the passport 

and recording of patients’ ideas, concerns and expectations in relation to hospital 

admission was consistently better documented by patients (and in some cases by their 

accompanying relatives)  then in clinical records of their healthcare professionals. 

Patients were also able to self-identify surrogate markers for severe infection requiring 

prescription of antibiotics by their clinician.  
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6. Appraisal of findings  

In this chapter I will discuss the implications of the submitted publications and reflect 

on the learnings in the light of broader literature in patient safety.  

 

6.1. Expected and unexpected findings 
 

The research represented in this manuscript started with the assumption that a broader 

role for patients is possible in most settings where health is delivered, including in 

emergency settings and during acute illness. Patient representatives were highly engaged 

in focus groups and while planning the interventional studies. Patients participating in the 

feasibility studies were willing to complete detailed questionnaires about their disease on 

admission to hospital and patients with cancer who used the checklist application did not 

want to abandon the application after the end of the trial. All this is positive and 

encouraging for the development of processes and artefacts in acute care that give 

patients a stronger voice and potentially more control.  

The co-design framework that I explored in two workshops was well received by 

participants seemed to result in viable prototypes. Design thinking (Stickdorn et al., 

2018) is the accepted industry standard for innovation. There is no good reason why it 

shouldn’t apply to healthcare. Traditional methods relying on user feedback or focus 

groups often result in interventions that don’t live up to the expectations of those 

initiating them (Lyle and Pope, 2019, O’Hara, et al., 2017). The adaptation of the BASE 

methodology integrated patients into the epistemological stakeholder groups thereby 

allowing the assessments of problems, and subsequently solutions from multiple 

perspectives simultaneously with a level of reality-check that might not be possible when 

groups of patients (or other stakeholder groups) are interviewed in isolation. For the 

development of clinical prototypes an expansion of the BASE methodology  by my 

collaborators (Goodman, Pierce and Owen, 2013; Parkinson, Eccles and Goodman, 2014) 

an adaption to include the unique knowledge of patients to P-BASE would therefore 

seem sensible.  

  

Involvement of patients does not always yield results:  patients who were asked to 

contribute to daily reviews in one of my other studies did not take up the opportunities to 

take greater control of their own care:  We developed patient-held checklists for ward-

rounds that could capture safety critical interventions in several Plan-Do-Study-Act 
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cycles with groups of patients. These remained highly person dependent and did failed to 

gain traction with patients or healthcare professionals (Lewis et al., 2022). 

 My experience reflected that of other authors in the same setting (Redley et al 2019). 

While innovative interaction with patients in outpatient clinics, and contributions at the 

threshold to hospitals, report successes, implementing interventions in inpatient settings 

is significantly more challenging. One study from Australia found that shared decision 

making was rarely observed during ward rounds (Redley et al., 2019). The authors 

highlighted opportunities to support patient capability and clinician led opportunity but 

also stressed that they observed different patient preferences and behaviours. The authors 

describe these as ‘active control preference’, ‘shared control preference’ and ‘low control 

preference’. Passive control preference has also been observed in studies of patients with 

cancer (Cohen et al., 2008). Neither studies measured health literacy or activation and 

this might be a relevant omission: technical language used by clinicians in secondary care 

might serious limit the ability of patients to connect.    

The role-transformation between the engaged, enabled, activated patient and the 

passive receiving patient might happen close to the hospital door. Whether this 

observation is robust and consistent requires further exploration: A setting where a 

patient is lying in a bed and a healthcare professional sitting or standing might create a 

strong frame to shape beliefs and behaviours.  

 

Digital health was a theme in several of my included papers. Patient held information 

seems to be under-utilised in electronic health records and mHealth applications: Despite 

the colossal investment into ‘big-tech’ in hospital my reviews found that the clinical 

impact that is reported in the peer reviewed literature is negligible. On the other hand,  

our low-budget prototype smartphone application with checklists for patients with cancer 

and those close to them was well loved. The setting (community / outpatient vs inpatient) 

might affect engagement. The ‘small-tech’ app in the pocket might convey a feeling of 

control and autonomy that is difficult to replicate in a large ‘industrial’ hospital setting. 

The idea that big institutions might discourage patient engagement and perpetuate care 

inequalities has been explored by Goffman (Goffman, 2017). His concept of the ‘Total 

Institution’ relates to the perception of impersonal care by staff, with a ‘failure to 

maintain’ emotional contact with patients and lack ‘face work’ that assures patient and 

fosters commitment (Hope et al., 2022). The relationship with staff become hence a key 

ingredient of any intervention, the social glue that holds things together.  
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The importance of patients’ relationships with healthcare staff is something that my 

fellowship only explored to a degree. On the other hand, the enabling of care through 

relations to relatives and friends played a role in one of the studies and some of the 

observations would support a focus on the patients’ social network as the core of future 

interventions: The smartphone checklist-application used a ‘safety buddy’ and adherence 

was high for 60 days, well in excess of usually reported adherence with wearables or 

digital interventions. And even elderly patients were able to complete documentation 

systems at the hospital front door if supported by relatives. This ‘scaffolding’ by patients 

and relatives has been explored as a mechanism for increased resilience of healthcare 

systems (O’Hara, Aase and Waring, 2019). As O’Hara and co-workers state: by adding 

engagement at different levels of care patients and relatives might ‘dampen performance 

variability particularly where variability may have a disproportionate impact on desired 

outcomes’ (2019, p3): When given the opportunity patients will use their capability and 

motivation to find work-arounds that deliver safer, better care.  

These findings link to observations about the impact of initiatives that use informal 

groups and sociable community activities (Milligan et al., 2013; Wilson and Cordier, 

2013; Foster, Munoz and Leslie, 2018; Sport Wales, Street Games and Social Prescribing 

Youth Network, 2021) to affect healthy behaviours: ‘Men’s Sheds’ and other 

interventions of ‘social prescribing’ add mutual support of people with similar life-

challenges, break social isolation and allow peer support and sharing of solutions with no 

or minimal input from healthcare professionals. It remains to be seen how those 

principles can be further scaled to impact on measurable changes in safe delivery of care.  

In my interventional studies I used informal networks to support patients explicitly (in 

creating ‘safety buddies’ for checklists) and implicitly (by allowing relatives to assist 

patients with patient-generated and held records on admission to hospital). Families are 

thought to often the default for support of patients, but their interest might not always be 

aligned with patients and especially in Western or urban societies availability of family 

support might be limited. Understanding the impact of the quality and strength of a social 

relationship of safety behaviours will require further exploration.  

 

6.2. Limitations and challenges  

 

The set-up of the Improvement Science fellowship allowed me considerable freedom 

of methods and connections to global patient safety experts who generously supported the 
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work with their advice and presence at key events such as focus groups and workshops 

with patients.  

 

My work followed an accepted framework for the design of novel services and 

solutions. The ‘double diamond’ has been widely used for the design of public services 

but has been less applied in the context of the National Health Service (NHS). Experience 

based design (Donetto, Tsianakas and Robert, 2014) is the only other method that seems 

to have been used in published studies in emergency care, but the framework of using 

short videos as the main intervention seemed too limited for the intent to develop actual 

innovative prototypes for better care.  

 

The lack of a mature EHR in my own health board limited deeper insights into the 

specific challenges of patients to make themselves heard in this new digital environment. 

While EHRs are now used in over 80% of NHS organisations that level of sophistication 

and integration still varies widely. My study designing an mHealth application (Jones et 

al., 2020) provided important insights into the specific safety challenges of smart devices 

and compensated partially for a more digital environment for the research.  

 

Prototypes were tested with patients in several clinical settings. All patients were 

patients receiving health care in North Wales. North Wales has limited ethnic diversity 

but is bilingual with stark social gradients, thus providing examples for challenges 

through cultural diversity. The learnings from this population might be usefully 

complemented by insights from a broader patient population, including insights into the 

effects of gender, ethnicity, health literacy and digital literacy. 

  

My interventional studies included small patient populations, studied for up to two 

months. Impact of the proposed interventions if delivered at scale or longitudinal effects 

on organizational culture and patient activation are unknown.   

 

The findings outlined in this submission build on existing insights: While I didn’t use 

formal frameworks on human factors such as SEIPS my manuscripts describe 

environments, tasks, processes and outcomes. Application of SafetyY II’s FRAM model 

might have added further depth to the insights from the feasibility studies and allowed to 

understand limitations for implementation and scaling: I used process mapping and story-

boards in the workshop to understanding timing of safety processes and explored inputs 
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and resource utilisation in the interventional studies. Outputs were however limited in 

their time horizon and to patient centred outcomes, and preconditions were only 

incompletely described through characterisation of the patient population and clinical 

areas. A more in-depth understanding of health and digital literacy (see below) and 

controls immanent in the hospital environment would aid the understanding of patient 

delivered interventions.  

 

6.3. The perspective of patients and families on patient 

safety  

 

My research found evidence for a broader scope of patient participation in their own 

safety. In both interventional studies family members were assisting with the delivery 

through acting as ‘safety buddies’ and supporting the completion of the patient-delivered 

and held records. This close relationship between patients and family members might 

require further exploration to understand its potential for the delivery of clinical safety. 

The perspective of patients and those close to them on patient safety could be explored 

through a number of lenses: child-parent, patient-family, etc. 

 

The parent-child relationship is the prime example of a relationship supporting care. 

Patients and their families form a unique bond. Parents support their children while at 

home or admitted to hospital. Adult children care for their parents. There are differences 

in the degree of support depending on culture and gender: In broad terms Mediterranean 

and Asian cultures might foster closer bonds of responsibility than Northern European 

families. Daughters often end up shouldering the bulk of care responsibility if compared 

to the engagement of sons (Grigoryeva, 2014).  

 

Families are facilitators of quality and safety of care: The supportive relationships 

between family members are therefore a natural social network. Its impact on the quality 

and safety of care delivered has been examined in a number of settings. Families are a 

valuable resource in the care of hospitalised patients (Bélanger, Desmartis and 

Coulombe, 2018) and contribute even to care of relatives admitted to Critical Care Units 

(Hetland et al., 2017) and in this setting might provide reassurance and familiarity and 

hence take a role in the prevention of delirium (Rosa et al., 2018). Family members are a 
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particular source of safety for patients with dementia (Yin, Lin and Chen, 2023). During 

the pandemic their absence led to real concerns about patient safety (Correia et al., 2022).  

 

When considering the effects on patient safety then safety culture and family 

participation in care are closely related (Burlakov et al., 2021): Family members' 

satisfaction is higher where ward teams show a commitment to quality and safety. Family 

care givers can see themselves as part of the care team (Schaepe and Ewers, 2018) and 

feel that they can play an active role in improving the safety of care by prevention of 

errors (Yen et al., 2020).     

While support of a family member might be perceived as a burden by those 

supporting my studies found little evidence for this in a within the boundaries of the 

testing of specific safety related tasks. 

 

 

6.4. Health literacy as a co-factor for patient safety  

 

My research found encouraging patient engagement in the use of checklists and 

patient-generated health records but I am unsure whether patients who contributed were 

representative of the overall population with regards to their digital or health literacy. The 

potential mediating role of health literacy in patient safety is probably under-researched. 

Personal Health literacy is defined as the “cognitive and social skills which determine the 

motivation and ability of individuals to gain access to, understand and use information in 

ways which promote and maintain good health” (Health promotion glossary, no date) or 

“the degree to which individuals have the ability to find, understand, and use information 

and services to inform health-related decisions and actions for themselves and others.” 

(Centre for Disease Control, 2020). There are multiple tools (Haun et al., 2014), that can 

measure a broad range of constructs of health literacy including ‘basic reading and 

writing skills, disease-specific knowledge and practical skills’ or ‘social health literacy 

competence and the ability to interpret and critically assess health information’ (Urstad et 

al., 2022). All these are likely to matter when it comes to using patient understanding of 

constructs of health, written text and iconography, or active contribution to health 

records.  

 

It has been reported that in the United Kingdom 7 million adult citizens have the 

reading age of a primary school chid and 2 in 5 adults might not be able to understand 
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written health care information (Health Education England, no date). Health literacy 

might hence be a pivotal factor in more democratic and patient enabled models of care.  

  

The importance of health literacy is well known from the nursing literature (Ross, 

2007). From a patient point of view limited health literacy of parents has impact on safety 

of hospitalised children (Glick et al., 2019) throughout the patient journey during 

admission, inpatient stay and discharge process. Health literacy affects the safety of 

surgical operations (Elgin, 2018): patients need to understand potential complications and 

required behaviours that enable safe care. For the often young patients with Cystic 

Fibrosis better health literacy is associated with metrics of quality and safety such as the 

number of outpatient visits, days in hospital and quality of life (Jackson et al., 2020).  

 

There is limited evidence from interventional studies targeting health literacy: An 

application with interactive risk calculators, motivational messages and the tracking of 

lifestyle goals for cardio-vascular health led to improvements in physical activity and 

health literacy but not other outcomes (Redfern et al., 2014, 2020). Few studies have 

explicitly focused on communication of patient safety risks (Kim et al., 2020). This is 

echoed in the literature on personal health records: Allowing patients access to electronic 

health records improved some measures of quality of care, including medication 

adherence in a systematic review with meta-analysis. But: only four of the identified 

studies used any metric of health literacy and even those focused mostly on the construct 

of ‘learning’ by patients (Neves et al., 2020). More often than not research into patient 

held records focuses on frequency of ‘usage’ and only few studies have addressed the 

quality of patient interaction and impact of this newly available information on decision 

making of patients  and healthcare professionals (Fraccaro et al., 2018).  

 

Usage of technology and health literacy are linked: Health literacy and internet access 

have a strong association (Estacio, Whittle and Protheroe, 2019) and health literacy is 

positively correlated with the use of digital applications such as activity trackers, patient 

portals, fitness and nutrition applications (Mackert et al., 2016). Throughout Europe 

health literacy and digital access differ according to gender, age group and health needs 

with the poorest digital access found in groups of men over the age of 45 with no chronic 

health issues (Alvarez-Galvez et al., 2020). Increasing use of digital applications might 

therefore be a useful target for interventions aimed at increasing health literacy. In 

vulnerable populations a number of interventions have been tested to increase usage of 
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digital portals: Using the SEIPS framework interventions focusing on engagement of 

individuals (P or ‘person’ in SEIPS, see below) had the strongest evidence base 

(Grossman et al., 2019).  

 

Health inequalities might result from limited access to digital technology and poor 

understanding of health-related issues. Those with greatest needs of healthcare might 

have hence the least access to digital technology and the lowest health literacy 

(Menendez et al., 2021). The digital divide of usage of the Internet and access to health-

related information is greatest for those who are elderly and have low health literacy 

(Levy, Janke and Langa, 2015). There is a lag in internet usage for health purposes in 

those 65 years or older(Sarkar et al., 2010) and specifically in those elderly patient with 

no formal education on low incomes (Estacio, Whittle and Protheroe, 2019). Digital 

solutions might be less deployed in rural communities with poor infrastructure (DeMonte, 

DeMonte and Thorn, 2015) with an additional challenge through the fact that much 

research in underserved populations is undertaken in urban areas (Chesser et al., 2015).  

My work did not formal explore literacy in the participants of the two interventional 

studies. Educational status was recorded for patients taking part in the Express-check-in 

(Subbe et al., 2021) but not for the study on digital Check-lists (Jones et al., 2020). 

Patients might not want to disclose difficulties with literacy (Easton, Entwistle and 

Williams, 2013): for this reason interventions need to take into account low literacy while 

facilitating disclosure. To use digital interventions some health and digital literacy might 

be an essential requirement for patients to participate though some content can be 

conveyed through non-verbal content such as video clips or icons. At the same time 

digital interventions allow to track usage of an intervention as a surrogate of 

understanding.  

 

Future work in this field does therefore need to include metrics of health literacy and 

social deprivation to gauge feasibility, scalability and equitable access to healthcare in the 

digital age.  
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6.5. Implications for clinical care based on programme 

theory 

 

My work included in this submission adds to the body of evidence that demonstrates 

that patients, far from being passive observers in the delivery of safer care, can take an 

active role, even in acute care. The programme theory for this work was based on my  

previously published framework for patient safety based on the ‘chain of survival’ 

(Subbe, C. P., 2013) where safety depends on recording of safety critical information, 

recognition of abnormalities, reporting of abnormalities to those who can respond and a 

repeated feedback look. The work presented in this thesis adds encouraging detail to the 

role of patients in this chain:  

 

Patients can record safety critical information such as allergies, past-medical history 

or checklists for side-effects of cancer care. Patients can measure vital signs such as 

blood pressure, heart rate or oxygen saturations, pathology results such as blood sugar, or 

levels of anticoagulants, and track body weight in heart failure. In our study with patients 

undergoing treatment for cancer recording included commonly noted side effects of 

treatments (Jones et al., 2020).   

 

Importantly patients can recognize their deteriorating health status based on 

subjective wellbeing or interpretation of measures obtained in their home. In our study,  

there were examples of patients and ‘safety buddies’ calling the helpline as suggested by 

the checklist mHealth application (Jones et al., 2020).   

 

Patients can report abnormal findings and escalate care through family members 

(Jones et al., 2020; Subbe et al., 2021) or healthcare professionals. This is part of 

everyday clinical care through appointments in primary care, self-presentation in 

Emergency Departments, or ultimately by alerting Rapid Response Teams through 

systems such as Call-4-Concern (Bucknall et al., 2021).  

 

Patients can respond to abnormalities in their health status by initiating treatment 

with steroids and antibiotics in COPD, increasing the dose of inhalers in asthma or 

altering treatments regimes in inflammatory bowel disease. While all of these treatments 
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would have previously been initiated after a review by a healthcare professional (usually 

a doctor) it is now accepted that patients can safely initiate these treatments, and this 

provides safe and possibly safer care than a reliance on the availability and judgement of 

a healthcare professional.   

 

In this submission I have shown that patients can record key priorities of hospital care 

such as ideas, concerns and expectations (Subbe et al., 2021b). They can further record 

side-effects of cancer therapy, recognise the abnormalities and using a digital application 

report those side effects to responders (H. V Jones et al., 2020).   

 

My midlevel theory was based on the behaviour change model by Michie et al 

(Michie, van Stralen and West, 2011). This hypothesised that lack of capability and 

opportunity might deprive patients of valuable chances to improve the safety of their 

care. My studies enabled the physical opportunity of documenting warning signs and care 

priorities in checklists and clinical records and through an inbuilt model of risk 

assessment with the UKONS escalation algorithm. The paper that developed this 

contribution to theory was however only published after the submission of this 

manuscript (Subbe et al., 2024).  

 

Healthcare is a complex adaptive system. Safety in healthcare relies often on inter-

connected chains of actions by different members of a multi-professional team. The 

reliability of a single chain of actions can be calculated mathematically but is often most 

vulnerable through the existence of a ‘weakest’ link. At a system design level reliability 

of processes can be improved by reducing the number of steps required or by reducing 

the reliance on handoffs and multiple interfaces (Lee, et al., 2016). By allowing a single 

actor, i.e. a healthcare professional or patient to complete a series of actions or indeed the 

complete chain of actions might therefore reduce vulnerability and increase reliability of 

safety critical actions.  

To counteract the unpredictable behaviour of complex system high reliable industries 

can also deploy the principle of modular redundancy (Lyons and Vanderkul, 1962). We 

have previously shown that redundancy of safety critical steps can be adapted for 

monitoring solutions in healthcare with significant reduction in mortality, cardiac arrests, 

overall adverse events and improved outcomes for those requiring intensive care 

(Bannard-Smith and Subbe, 2015; Subbe, Duller and Bellomo, 2017). It seems clear from 
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the findings of this fellowship that patients could provide some of the needed redundancy 

in healthcare to establish more resilient and reliable systems. The simple actions required 

are (at least in theory) scalable through electronic health records and connected health 

care applications. With the greater engagement of service users, the ‘meaningful use’ of 

electronic health records might finally achieve the as yet unfulfilled ambition of greater 

patient safety (Trout et al., 2022). 

 

There is a question over what might bring more consistent entry of patient-reported 

experience or outcomes into records. The patient wellness scale (Albutt, O’Hara, et al., 

2020; Albutt, OʼHara, et al., 2020) is a tool with two questions around changes to 

wellbeing. This and others simple tools that can be used as part of routine workflow 

might lend themselves to broader implementation. 
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7. Conclusions and recommendations for future 

research   

 

The work that I present in this submission demonstrates my contributions to theory, 

methodology and practice of acute care with a focus on safety outcomes for patients.  

My contributions to the theory of acute care include the extension of two theoretical 

frameworks to patient safety: the COMB-model from behaviour psychology and modular 

redundancy from high reliability industries.  

My contribution to methodology consists of the application of design thinking to the 

development of solution focused research programmes and clinical prototypes and a 

novel method for co-design using the P-BASE framework.  

My contributions to practice include an expansion of knowledge about Electronic 

Health records through review of the literature and through direct observation as a well as 

the development and implementation of novel analogue and digital prototypes for health 

records into clinical care. Prototypes were tested with patients in North Wales. Studies of 

prototypes were designed to demonstrate feasibility of the concepts but were 

underpowered to show safety benefits at the level of patients, teams, or organisations.  

My findings could support the creation of more resilient safety systems. 

Future research could assess the impact on health equity and the influence of health 

literacy.  

The key learnings from this work should inform future clinical research 

(recommendations 1-3) and policy (recommendations 4 & 5) 

 

 

Contribution 1: Behaviour change models: Patients in acute care have capability to 

be involved in their safety if opportunities are provided 

Capability, opportunity and motivation are necessary elements for behaviour change 

interventions (Michie, van Stralen and West, 2011). The principles are universal and as 

such applicable to patient safety. Assuming motivation of healthcare professionals and 

patients to deliver and receive safe healthcare, it is clear that capability and opportunity 

are often constrained by shortage of time or social opportunity through organisational 

culture. Health technology might offer patients the capability to contribute to safer care 
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by making use of their intimate knowledge of their own health (capability) and 

abundance of time while being present at the place of interest (opportunity).  

My experimental studies evidenced that co-produced safety interventions are feasible 

even in acute and emergency care and that patient-owned safety critical information has 

the potential to leverage knowledge of those for whom outcomes of care matter most. 

Although patient preferences vary, I found that about half of the patients requiring acute 

care are willing and able to engage with interventions that might improve the safety of 

their own care. In the context of the COM-B behaviour change model this insight should 

help to enable the development of further interventions to improve safety.   

Agency for patients can be extended to those close to a patient: friends and families. 

This evidence is in line with learning about peer support from behavioural psychology 

but had not been previously expanded to and exploited for the purpose of improved 

patient safety.  

 

Recommendation 1: Complex patient safety systems might be more robust if capability 

and opportunity for patients can be strengthened and seen as a resource in a wider clinical 

team. Opportunities for scalable patient centred care during hospital stay need to be 

explored proactively to support equitable care across the patient journey in line with 

evidence from chronic disease programmes. Established tools from design thinking and 

behaviour psychology should be used to enable greater choice for patients to control and 

impact their care. The effects on equality and diversity, accountability and governance 

need to be explored further.  

 

Contribution 2: Patients can be active parts of systems with modular redundancy  

The findings from my research demonstrated that some tools for safe patient care that 

are usually deployed by health care professionals can be translated, adapted, and used by 

patients and those close to them. The essential principle of modular redundancy for the 

architecture of safety critical systems can hence be expanded to include patients and their 

social networks in analogue or digital form. Sharing of information within social 

networks of those ‘who care’ is almost certainly a viable alternative to professional 

supervision for some conditions.  

 

Recommendation 2: The optimum size and shape of a ‘social’ network aimed to support 

safety of care that uses modular redundancy is unclear and opportunities and barriers for 

implementation will need further research. Innovators might want to focus initially on 
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translating systems used by health care professionals for use by the wider public while 

taking into account the effects of health and digital literacy on interventions.  

 

Contribution 3: Co-design based on epistemology  

My work identified a dearth of evidence for coproduction and codesign methods in 

acute care. By expanding the existing BASE model to include patients as a key source of 

knowledge about care I was able to develop prototypes for interventions at pace. P-BASE 

is a viable new way of co-design for clinical applications.  

 

Recommendation 3: The methodology demonstrated in this submission can be easily 

applied to new areas of clinical care but has primarily been tested a micro-system level. It 

would hence require further studies to explore use at meso- or macro-level.  

 

Contribution 4: Design thinking as a method of research   

The body of this submission is based on the Double-Diamond methodology. This 

methodology is widely used for the development of artefacts or services. My work 

demonstrates the suitability for the development of prototypes or indeed a whole 

programme of research. As traditional models of research design thinking uses deep 

understanding of context and users to create interventions. Unlike traditional models of 

research interventions are built to be ‘broken’ at early stages of development. This allows 

a degree of agility that might be particularly advantageous where environments are 

complex and during times of fast changes.    

 

Recommendation 4: Exposure to design thinking is spreading in healthcare but might 

require adoption by government funders to develop full impact.  

 

Contribution 5:   Patient safety & digital health: Plenty of talk – (nearly) no data 

While there is a lot of rhetoric about co-production of health and patient ownership of 

digital records, I found extremely limited evidence in the published literature that this 

challenge has been taken up at scale by either healthcare organisations or indeed 

technology companies for the part of healthcare where data matters for life and death 

decisions in the way that it does in acute and emergency care.  

Healthcare policy emphasises the importance of co-production, shared decision 

making and access of patients to their records but neither the development of services nor 

health-service research have kept track. Many digital start-ups and indeed larger 
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companies emphasise their commitment to patient engagement but there is sobering little 

evidence in materials that are in the public domain that this translates into measurable 

patient safety benefits of their products.  

The absence of effective, transparent, and authoritative metrics for providers of ‘co-

produced’ services and digital healthcare suppliers is a gap that hinders development, 

implementation, and evaluation of innovative patient-centred models of care. Given that 

purchasers of healthcare records are often closely aligned with government bodies or 

indeed publicly funded it would appear that a lack of adequate policy might be a co-

factor enabling the current landscape of digital health.  

 

Recommendation 5: This work identifies the need for an authoritative assessment-

framework of digital health records that is in line with the assessments required for other 

medical interventions and assists health care providers and funders to maximise clinical 

return on investment. This will require collaboration of professional bodies and policy 

makers. 
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8. Declarations of Authorship  

 

Scoping reviews  

 

Subbe, C. P., Tellier, G. and Barach, P. (2021) ‘Impact of electronic health records on 

predefined safety outcomes in patients admitted to hospital: A scoping review’, BMJ 

Open. BMJ Publishing Group, 11(1). doi: 10.1136/BMJOPEN-2020-047446. 

I wrote the protocol and undertook 80% of the analysis. I wrote the first draft of 

the  manuscript.  

Osborn, J. et al. (2020) ‘Do mHealth applications improve clinical outcomes of patients 

with cancer? A critical appraisal of the peer-reviewed literature’, Supportive Care in 

Cancer. Springer, 28(3), pp. 1469–1479. doi: 10.1007/s00520-019-04945-4. 

I wrote the protocol, I undertook the final analysis and wrote the first draft of the 

manuscript.  

Manuscripts on co-production  

Subbe, C. P., Øvretveit, J., et al. (2019) ‘Digital Technology: Opportunities and barriers 

for usage of personal health records in hospital – report from a workshop of the Health 

Informatics Unit at the Royal College of Physicians’, Future Healthcare Journal. Royal 

College of Physicians, 6(1), pp. 52–56. doi: 10.7861/FUTUREHOSP.6-1-52. 

I organised and chaired the workshop and wrote the first draft of the manuscript.  

Subbe, C. P. et al. (2020a) ‘Scenario-based design for a hospital setting: An exploratory 

study of opportunities and barriers for personal health records usage’, Future Healthcare 

Journal. Royal College of Physicians, 7(2), pp. 125–130. doi: 10.7861/FHJ.2019-0061. 

I wrote the protocol, organised and led the testing, and wrote the first draft of the 

manuscript.  

Subbe, C. P., Goodman, A. and Barach, P. (2022) ‘Co-design of interventions to improve 

acute care in hospital: A rapid review of the literature and application of the BASE 

methodology, a novel system for the design of patient centered service prototypes’, 

Acute medicine. NLM (Medline), 21(4), pp. 182–189. doi: 10.52964/AMJA.0922. 

I organised and chaired the workshops, I wrote the first draft of the manuscript.  
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 Interventional studies 

Jones, H. V. et al. (2020a) ‘Checklists for complications during systemic cancer 

treatment shared by patients, friends, and health care professionals: Prospective 

interventional cohort study’, JMIR mHealth and uHealth. JMIR Publications Inc., 8(9). 

doi: 10.2196/19225. 

I wrote the protocol, hosted workshops with patients, undertook the bulk of the 

anlysis and wrote the frist draft of the manuscript.  

Subbe, C. P. et al. (2021a) ‘Express check-in: Developing a personal health record for 

patients admitted to hospital with medical emergencies: A mixed-method feasibility 

study’, International Journal for Quality in Health Care. Oxford University Press, 33(3). 

doi: 10.1093/INTQHC/MZAB121. 

I wrote the protocol, I undertook part of the analysis, I wrote the first draft of the 

manuscript.  
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9. Appendix: Other Outputs  

 

Output from the work has been disseminated in academic journals and through 

posters and oral presentations at Academic Conferences including  

 

• Society for Acute Medicine (Harrogate 2019) 

• International Symposium on Human Factors and Ergonomics in Health Care 

(Chicago 2019) 

• International Society for Rapid Response Systems (Manchester 2018; Singapore 

2019) 

• International Forum for Quality & Safety (Amsterdam 2018; Glasgow 2019) 

• THIS Space (Cambridge 2020) 

• Patient Safety Congress (Manchester 2022) 

• Annual Patient Powered Safety Conference (Bangor, 2019-23) 

• A report for the Bevan Commission (Patient Powered Safety: Reducing harm through 

co-production with patients 2019) 

• An online blog (https://www.base-lab-health.org/blog) 

 

 

 

 

 

 

  

https://www.bevancommission.org/publications/patient-powered-safety-reducing-harm-through-co-production-with-patients/
https://www.bevancommission.org/publications/patient-powered-safety-reducing-harm-through-co-production-with-patients/
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