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Thesis abstract 

Many patients move between providers, teams, and settings over the course of their healthcare journey. 

These transitions of care are increasing in frequency as populations age, chronic diseases become more 

prevalent and provider work patterns move towards shorter shifts and larger care teams. Poorly executed 

transitions of care are a risk to patient safety and may contribute to duplication of tests, a higher cost of 

care and negative experiences for patients and providers. Despite the increasing relevance of care 

transitions to health systems, significant gaps in our understanding of these complex processes persist. 

The potential benefits of the digital healthcare revolution have not been realised. This thesis seeks to 

identify, measure, and better understand transitions of care by tapping into healthcare ‘big data’ sources, 

and to highlight the role digital technologies can play in improving these processes. 

 

The first part of this thesis provides a background to transitions of care and highlights how patients sit 

at the centre of care transitions. A qualitative interview study of patients transferring between hospitals 

identifies continuity of care and communication as key priorities for patients as they move between 

providers. The second part of this thesis uses hospital administrative big data to measure interhospital 

transitions of care in the NHS in England, identifying several barriers to care continuity in existing 

systems of care. The third part of this thesis examines transitions of care at the level of the clinician and 

patient within hospitals, tapping into electronic health record data to more accurately measure and better 

understand the hospital teams that care for patients.  The final chapter of this thesis reports on the design 

of a digital interactive medical record interface that aims to improve care continuity and put patients at 

the forefront of their care transitions.  
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Part 1 – Transitions of care: beginning and ending with patients 

 - An introduction to transitions of care through the lens of digital health and big data 

1.1 Background 

Every individual’s healthcare journey involves change. Change in providers, change in settings, change 

in teams, change in treatments, change in health status1. The periods during which these changes occur 

are transitions. As with any period of change, transitions in healthcare are associated with challenges. 

Transitions introduce different processes, different perspectives, different priorities, and different 

people to patients during some of the most vulnerable periods of their life. As clinicians, we try to 

minimise the impact of these transitions on the care that we provide. We communicate with patients, 

we liaise with colleagues, we try to organise processes to ensure that these transitions are as smooth and 

as safe as they can possibly be. As healthcare systems have become more complex, so too have these 

transitions. Patients increasingly ‘fall through the cracks’ of care transitions as they move between tests, 

treatments, opinions and healthcare settings2.  The role of individual clinicians in providing continuity 

as patients move between providers is diminished by a system that often prioritises specialised, 

centralised care across a range of discordant healthcare settings and sites.  

 

Interest in understanding and improving transitions of care emerged from a push into patient safety 

research in the 1990s, encouraged by the seminal report ‘To Err is Human’ by the Institute of Medicine 

(IOM)3. Estimating that 44,000 to 98,000 patients died from preventable errors in American Hospitals 

each year, this landmark publication was a catalyst for national and international interest in patient 

safety. As attention to the concept of patient safety has grown over the past two decades, transitions of 

care have emerged as a key research and policy focus for health systems around the world.  

 

Early research into transitions of care focussed primarily on the movement of patients between settings 

as their care needs changed, with a particular focus on transitions from hospital to home2,4. In 2003, a 

report by the American Geriatrics Society described the concept of ‘transitional care’ as a “set of actions 

designed to ensure the coordination and continuity of health care as patients transfer between different 

locations or different levels of care within the same location”5. More contemporary use of the 

‘transitions of care’ term in health research and policy includes the transition of individuals between 

healthcare entities more broadly, including movement between providers6,7, teams8,9, and care settings10. 
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A 2016 report by the World Health Organisation (WHO) describes transitions of care as “the various 

points where a patient moves to, or returns from, a particular physical location or makes contact with 

a health care professional for the purposes of receiving health care”11. This WHO report also states 

that “the term ‘transitions of care’ is broader than clinical handover because it encompasses the clinical 

aspects of care transfer and other factors, such as the views, experiences and needs of the patient”11. 

The Joint Commission defines transitions of care as ‘the movement of a patient from one health care 

provider or setting to another’4. Increasingly used as an umbrella term for patient movement between 

healthcare entities, ‘transitions of care’ encompasses a range of processes including: hospital 

discharges5; clinical12, shift-to-shift13, end-of-rotation14 and postoperative handovers15; ward transfers16; 

paediatric-adult care transitions17; health-social care transitions18; and interhospital transfers19. It is this 

broad definition of transitions of care referring to movement of patients between providers, teams or 

settings that is addressed in this thesis. 

 

It is clear from previous research into transitions of care that these processes are a common, unavoidable 

and necessary part of any modern healthcare system10,20–22. Multiple systematic reviews have examined 

aspects of transitions of care over the past decade including discharge interventions to avoid 

readmissions 10,23–26, intrahospital transitions of care12,27,28, training29–32 and technology33. Better 

recognition of care transitions as a concept has led to an increase in resource allocation and 

establishment of dedicated organisations and groups around the world that specifically target transition 

of care processes34. Errors associated with transitions of care are widely recognised as a human problem 

with potential solutions at several levels, including the system, providers, and patients.2 To address the 

problem, reports on transitions of care have been published by several leading health and medical 

organisations including the WHO11, the Joint Commission4 and the Royal Colleges of Physicians35 and 

Surgeons36. As healthcare systems increasingly focus on delivering high quality, high value and safe 

care, improving transitions of care has been recognised as a key target for policy makers, managers, 

researchers, providers and patients11,37,38.  

1.2 The increasing relevance of transitions of care in modern healthcare systems  

Modern healthcare systems, such as the National Health System (NHS), are characterised by complex 

care ecosystems that have evolved to harness the capacity of providers, institutions, and technologies 

to provide a high level of care for patients. Advances in diagnostics and treatments have made it possible 

to detect and manage illnesses in more specialised and personalised ways than ever before. Subsequent 
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increases in the complexity of healthcare have necessitated specialisation at a provider and institutional 

level. There is a general trend towards providers developing expertise in increasingly narrow fields of 

practice, and the establishment of sub-specialty ‘centres of excellence’. These changes have enabled 

patients to have access to the best available technologies, expertise and treatments for particular 

diseases, with improved outcomes39–41.  

 

In the new reality of specialised healthcare, many patients will transition between different providers, 

teams and care settings to access care. For example, a patient may attend their primary care provider 

with symptoms of fatigue. Initial investigations may lead to referrals to different specialists, for example 

a rheumatologist and a gastroenterologist, and these providers may be located at different hospitals in 

the local area. A colonoscopy performed by the gastroenterologist may diagnose a tumour that needs 

specialist treatment by surgeons and radiation oncologists at a third hospital. The rheumatologist may 

arrange for a CT scan which incidentally detects lung disease that needs investigation through a fourth 

specialist respiratory institution. Within a matter of weeks, this patient has accumulated at least four 

different specialists across three or more hospital sites. Each movement between these multiple 

providers is a transition of care that requires communication and transfer of patient information to 

ensure safe, effective, and holistic care. An unintended consequence of this healthcare model is that the 

patient’s care becomes fragmented between providers, teams and care settings, providing new 

challenges for both patients and service providers. 

 

In a traditional ‘cottage hospital’ of previous centuries, a large proportion of healthcare was provided 

at a single site, with the same care providers, often over the course of a patient’s life. Many healthcare 

professionals were generalists and most hospitals were a ‘one stop shop’ for illness, treating a spectrum 

of ailments including infectious diseases, medical and surgical problems under the one roof.  In this 

context, transitions of care between healthcare providers, teams and settings may have been as 

infrequent as a handful of times over the course of a patient’s life. At St Bartholomew’s Hospital in 

London, which was founded in the 12th century, care has been provided across a complete range of 

medical and surgical conditions for hundreds of years. Many patients would have received all their 

hospital-level care through this single institution, with a complete record of their medical history held 

within the walls of the hospital. As healthcare has become increasingly specialised, these multi-

generational institutions have gone through a period of relatively rapid change. Cottage hospitals have 

become increasingly obsolete as care has moved into centralised institutions that can provide a broad 
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range of advanced diagnostics and treatments at scale. Many hospitals, particularly those in 

metropolitan areas, have combined services with neighbouring hospitals and reduced the range of 

treatments offered at single sites, enabling them to provide expert care for a smaller number of 

conditions. St Bartholomew’s Hospital, for example, has evolved from a general hospital into a 

specialist cardiac and cancer centre, with patients in the area requiring treatment for other conditions 

needing to attend other hospital sites or trusts. 

 

Transitions of care have also become more relevant as the types of illnesses that patients require 

treatment for has changed. Chronic, non-communicable, health conditions such as diabetes, renal, 

cardiovascular, respiratory disease and mental health disorders are, for the first time in human history, 

at the top of the WHO’s list of causes of global deaths42. Although often associated with older persons, 

more than 15 million global deaths attributed to non-communicable diseases (NCD), occur between the 

ages of 30 and 69 years42. There are multiple reasons for the growth in NCDs around the world, 

including the globalisation of unhealthy lifestyles, population ageing and unplanned urbanisation. 

Management of NCDs includes screening, diagnosis and treatment. This management often occurs 

across healthcare settings, with prevention, screening, diagnosis and early treatment in the public or 

primary care setting, and treatment of more advanced disease in secondary and tertiary care settings. 

Although the concept of age-related morbidity is not new, the period of morbidity has been amplified 

as life expectancy has increased. 

 

In the United Kingdom (UK), the population is set to age significantly over coming decades. The 

number of people over the age of 65 is predicted to increase by 33 per cent by 202843. The number aged 

over 85 will nearly double over the same period43. As the population ages, there will be a surge of 

chronic illness including cancers, dementia and other NCDs44. In the context of a care system that 

involves the input of multiple providers to manage multiple chronic conditions, transitions of care will 

become increasingly frequent.  

 

Within hospitals and primary care settings, care has also become more fragmented between individual 

providers in recent decades45. Changes to working hours associated with the European Working Time 

Directive (EWTD) and other workplace policies have affected shift patterns within hospitals and 

increased the number of shift-to-shift handovers between healthcare professionals1,45,46. Handovers, the 

process of communicating pertinent patient information and transferring clinical responsibility between 
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health care practitioners47, have become increasingly relevant to intrahospital care in the context of 

these changes. In the British Medical Association (BMA) report ‘Safe handover: safe patients’, 

Professor Sir John Lilleyman writes “Handover of care is one of the most perilous procedures in 

medicine, and when carried out improperly can be a major contributary factor to subsequent error and 

harm to patients. This has always been so, but its importance is escalating with the requirement for 

shorter hours for doctors and an increase in shift patterns of working”48. 

 

Intrahospital specialisation in many medical, surgical and other fields has further increased the 

likelihood of patient care being transferred between specialties and providers during an inpatient stay12. 

Previous studies have highlighted that patients can be handed over up to 15 times during a five day 

hospitalisation, and that a doctor might participate in 300 handovers per month22. Other studies have 

suggested that the frequency of handovers between providers may be even higher than this49. If trends 

towards increasingly large and complex care teams continue, clinical handovers and other transitions 

of care will expose more and more patients to error. 

 

Across transition of care processes between providers, teams and settings, there remains a need to better 

quantify the frequency and nature of care transitions. The true scale of care transitions within and 

between care settings remains poorly understood50, and this impacts on the ability of researchers, policy 

makers and providers to plan, develop and implement interventions to address some of the problems 

associated with transitions of care in the healthcare system – “We can only be sure to improve what we 

can actually measure”51. This is a complex human problem that can benefit from technical solutions, 

but these technical solutions need to be informed by good quality data.  

1.3 Patient safety during transitions of care: medical error and adverse events 

Each transition of care is a potential threat to patient safety52 and the burden of transition of care errors 

can be significant5. Medical errors are deviations from the process of care, which may or may not cause 

harm to the patient53. Adverse events are unintended injuries to patients that result in measurable 

disability, prolonged hospitalisation, or both54. Research into the root causes of medical errors and 

adverse events has shown that transitions of care are periods of particular risk for patients2,5,20,37. A 

report by the Joint Commission estimates that 80% of serious medical errors involve miscommunication 

between caregivers when patients are transferred or handed-off55. Furthermore, it is estimated that at 

least half of transitions that occur between care settings have identifiable problems, and adverse events 
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occur in 15 to 25 percent of patients56. Another large study suggests that more than 22% of patients 

involved in transitions of care are exposed to possible system failure20. 

 

It is clear from previous research that communication failure and corruption of information during 

transitions of care is common54. These are often human failures that have important implications for 

patients, providers, and the healthcare system more generally13,57. For patients, deficiencies during care 

transitions may result in medication errors and delays or errors in diagnosis, formulation or execution 

of treatment plans, and negatively impact on their healthcare experience58–60. Poor coordination of care 

during transitions can lead to patient anxiety and dissatisfaction, placing greater burden on an already 

vulnerable patient and carer61. For providers, deficient or erroneous communication may lead to an 

absence of clear instructions on patient management, clinical uncertainty and a perception of feeling 

not in control of patients’ care62,63. At a system level, delays in treatment, duplication of tests and 

medical errors related to transitions of care result in inefficiencies and increased cost2,10,64. 

1.4 Adverse events resulting from transitions of care: how do they occur? 

The mechanisms through which adverse events occur during transitions of care are both varied and 

complex. The relationship between medical error and adverse events has been extensively studied in 

the patient safety literature53,54. The ‘Swiss cheese’ model of error causation65 proposed by James 

Reason in the 1990’s describes how complex systems and work environments, such as hospitals, have 

several layers of defence (signified by layers of Swiss cheese), that protect against adverse events 

resulting from error. Despite these layers of protection, flaws, signified by holes in the Swiss cheese 

layers, may align in a formation that allows errors to penetrate through and result in an adverse patient 

event. In the context of transitions of care, there are multiple layers of defence that may be compromised 

by medical error. As identified by Coleman et. al. in their 2003 paper published in the Journal of the 

American Geriatrics Society, “barriers to effective care transitions can be categorized at three levels: 

the delivery system, the clinician, and the patient”2. Errors result from factors such as poor coordination 

of the care plan leading to difficulties accessing care, missed appointments, insufficient patient 

education, diagnostic testing or medication errors and deficient information transfer between providers. 

These errors can impact on care delivered to patients, resulting in delays in treatment or discharge, 

avoidable readmissions, duplication of tests or interventions, poor patient experiences, or adverse 

events5,7,37,55,66.  
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As an example of the potential complexity of transitions of care and exposure to medical error, Figure 

1.1illustrates tasks at hospital discharge and potential breakdowns of these processes relevant to a 

patient with chronic heart failure. This figure, from a report by Albert et. al. published in Circulation: 

Heart Failure in 2015, highlights pitfalls in patient management during care transitions that could be 

improved by transition of care interventions37. 

 

 

Figure 1.1- Factors contributing to potential errors in transitions of care at hospital discharge for chronic heart failure 

patients. Image from: Albert et.al. Transitions of Care in Heart Failure. Circulation: Heart Failure. 2015:8:384-409. 

Often, one or more of the factors highlighted in Figure 1.1 during transitions of care will result in 

adverse events that may include unplanned readmissions to hospital, morbidity and mortality37. Other 

types of transitions of care, such as shift-to-shift handover or interhospital transfers include many of the 

same challenges as those highlighted above in hospital discharges. For example, during a shift-to-shift 

handover, a healthcare provider may fail to communicate that an anticoagulant (blood-thinning) 

medication has been held before emergency surgery. Unclear documentation may not record that the 

patient has a heart condition that requires this medication to be taken as soon as possible after surgery. 

A failure to safely recommence this medication following surgery may result in formation of a blood 

clot that leads to a stroke. In this example, two or more errors that stemmed from failures during 

transitions of care have contributed to an adverse event for the patient.  
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A large observational study of morning handovers between residents published by Devlin et al. in JAMA 

Internal Medicine in 2014 highlighted some of the key mechanisms that contribute to transition of care 

errors. Over a 26-day observational period on internal medicine wards they reviewed 141 clinically 

important overnight issues and found that on-call providers omitted many of these when handing over 

to the daytime team at the end of an on-call shift67. Furthermore, only 14% of clinically important issues 

arising from the overnight period had an accompanying progress note from the relevant provider in the 

patient’s medical record67. They found that the observed morning handover rounds did not incorporate 

standardised morning handover practices, with individual teams using multiple handover methods that 

were unpredictable and inconsistent67. The authors concluded that these omissions have the potential to 

lead to delays in care and the development of adverse events67. 

 

Investigations into adverse events in healthcare can be challenging. Identification of all relevant factors 

contributing to adverse events that result from errors related to transitions of care is not 

straightforward58. Although comparisons between patient safety and airline safety are often made, there 

are significant differences in the aviation and healthcare sectors in investigating errors and adverse 

events68. Approaches to investigating incidents in the aviation industry is routine, structured and 

administered at a national level. An investigation by the Air Accidents Board in the UK often involves 

several months of work, including field investigations and background information in the individuals 

and equipment involved68. A factual summary of the key features of the incident is produced, followed 

by a synopsis of the report. This synopsis includes a) an exposition of all of the relevant facts of the 

incident, with graphs and photographs, b) an analysis of the data gathered with a view to understanding 

factors contributing to the incident and c) conclusions and safety recommendations68. In relation to 

patient safety, there are several inherent factors in healthcare that complicate an aviation-style approach 

to incidents68. This contributes to a persisting frequency of medical errors in healthcare. The well-known 

airline pilot Chelsey Sullenberger, who is now involved in the healthcare sector with patient safety 

research and development writes: “What we have right now, quite frankly, in healthcare are islands – 

visible islands of excellence in a sea of invisible failures, with risk lurking just below the waterline. We 

need to widen those islands of excellence. We need to connect these islands with more dry land. We 

need to address these areas of risk. That is going to require transparency, it’s going to require data, 

it’s going to require personal story telling, and it’s going to require effective use of health IT”69. 
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A key consideration in understanding the likelihood of a transition of care resulting in error or an 

adverse event is knowing the denominator (i.e. how many transitions of care are occurring). In many 

settings, for example handovers within hospitals or transfers between hospitals, the frequency of care 

transitions occurring is poorly understood. Several chapters in this thesis aim to address this issue in the 

context of the digital age of healthcare. Tapping into big data sources to better understand the frequency 

and location of transitions of care and exploiting the potential of electronic health records and other 

digital technologies to investigate and improve transitions is a key focus of the research in this thesis. 

1.5 Adverse events resulting from transitions of care: why do they occur? 

The conditions underlying the mechanisms that contribute to errors during transitions of care have 

previously been explored in health systems literature70. Care teams are often large and diverse, 

especially for people with chronic and complex conditions. Membership of these care teams often 

changes rapidly, and the only constant in these teams may be the patient. A ‘problem of many hands’ 

has been used to describe patient safety concerns relating to healthcare processes. This is a concept that 

was first described in the public administration literature and refers to the inability to hold an individual 

agent or group accountable for outcomes at the system level71. The problem of many hands arises in 

contexts where multiple actors (including organisations, individuals and groups) contribute to system-

level effects and there is difficulty holding any single actor responsible for these effects71. In these cases, 

structural weaknesses may persist within systems, leading to repeated errors relating to the same 

processes. The problem of many hands is particularly relevant in modern healthcare systems that consist 

of specialised, yet discordant actors that have different goals, priorities and problems72. Referring to the 

previous example of a medication not being recommenced after surgery, systems factors such as 

interruptions during handover, absence of dedicated handover space and clinicians rushing through 

handover due to theatre scheduling problems, a deficient electronic health record system and a broken 

computer may all contribute to a problem of many hands that led to an adverse event.  

 

Although most health systems and organisations aspire to deliver person-centred care, the structures 

that underlie these models are often poorly defined. There is often a lack of clarity in who is a part of 

the healthcare ‘team’, what their roles are and what types of information they need73.  Multidisciplinary 

teams are often large and poorly defined, without clear leadership structures74. This may impact on 

accountability for communication between team members and contributes to errors during complex 

processes such as care transitions. For example, at the time of discharge from hospital, communication 
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may be left to the most junior member of the medical team, who may have had little direct responsibility 

for the patient and lack understanding of the key medical, social and potential safety issues. This can 

affect the quality of discharge and contribute to errors an adverse events once the patient leaves hospital. 

Transition of care planning, including discharge planning and clinical handovers, is often deficient and 

may seen as a tick-box exercise, rather than as a critical component of a care episode23,75. 

 

Another important factor that may lead to errors during care transitions within and between care settings 

is limited access to complete, contemporaneous health and social records for individuals. Often, data is 

held in silos in different care settings or organisations and is unable to be easily accessed during care 

transitions18. Within one healthcare setting, there may also be deficiencies with access to care records, 

for example where paper records are inaccessible or illegible, or when different units or wards in the 

hospital use different paper or electronic health records. 

 

Lack of engagement with patients in their care at the time of care transitions is quoted as another key 

contributory factor to errors during these processes5,60. If patients are not engaged in transition of care 

planning and execution, key information may not be communicated and opportunities to pick up on 

errors before they lead to adverse events can be missed. Patients as also often not involved in medication 

reconciliation at the time of care transitions, contributing to medication errors63,76. This thesis seeks to 

further explore and measure some of these factors that contribute to transition of care errors. 

1.6 How can we define a successful transition of care?  

There is no simple definition of a successful healthcare process. Success is more than simply an absence 

of error55. From a quantitative research and healthcare system perspective, success may be defined 

through key outcome measures or performance indicators such as mortality, morbidity, rates of 

readmission or medical errors21,27,77. From a patient perspective, subjective measures of comfort, safety, 

symptoms, function and physical or mental wellbeing may be a more important marker of a successful 

care transition37. From the perspective of a healthcare provider, continuity of patient information, 

patient outcomes and patient satisfaction may be prioritised60,78. Transition of care research and policy 

reflects these differing perspectives on what is already a broad and heterogeneous phenomenon. 

Research projects reported in this thesis grapple with these differing views on what makes a successful 

transition of care, using qualitative, quantitative and mixed methods approaches to measure and 

evaluate transitions of care within and between settings. 
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1.7 Measuring outcomes in transition of care research 

A key challenge associated with transition of care research is that there are few outcome measures to 

assess the quality of care transitions and facilitate comparisons between healthcare facilities and 

systems. The impact of both the frequency and quality of care transitions the level of the patient, the 

provider and the healthcare system are therefore difficult to examine in a standardised manner. This 

also has an impact on evaluating the success interventions aimed at improving care transitions. 

 

Much of the existing literature examining transitions of care focuses on intrahospital handovers and 

discharges to home settings26,28,59,76,79. Within this context, outcome measures in qualitative transition 

of care research have focussed on a relatively narrow range of event types. For transitions of care 

between settings, these include rates of readmissions following discharge from hospital, mortality and 

morbidity37. Within hospitals, most studies that evaluated transitions of care between providers 

measured success through the satisfaction of providers or patients or the effectiveness and efficiency of 

handovers based on process measures such as information gaps and handover duration47,59. These 

outcome measures only paint a small part of the picture related to care transitions.  There are many 

other sequalae of errors during transitions of care that are subjective, and difficult to clearly attribute to 

transition of care processes. Furthermore, heterogeneity between institutions and healthcare systems in 

defining readmissions and transition of care error related morbidity and mortality complicate 

comparisons and impact on the evaluation of interventions10. 

 

Throughout this thesis, healthcare quality and safety are considered as conceptual measures of a 

successful transition of care. Safe care refers to care that is provided without exposure to medical errors 

or adverse events. Quality care is more difficult to define. In the report High Quality Care For All, 

Darzi observes that healthcare quality must be understood from the perspective of the patient, which 

includes both outcomes and experiences80. The three aspects of healthcare quality proposed by Darzi 

are: 1) patient safety, 2) patient experience and 3) effectiveness of care. Additional factors relevant to 

quality in healthcare are highlighted through the seven pillars of healthcare quality as proposed by 

Donabedian; efficacy, effectiveness, efficiency, optimality, acceptability, legitimacy and equity81. 

References to healthcare quality in this thesis incorporate all these factors which are considered as 

components of a successful transition of care. 
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1.8 Approaches and challenges to investigating and evaluating transitions of care 

“We can only be sure to improve what we can actually measure”- Ara Darzi51 

 

A key challenge in defining successful care transitions is the absence of clearly defined methods to 

investigate and evaluate these processes. Unlike evaluating the efficacy of a medication or new 

technology, which may be performed through a well-designed randomised controlled trial (RCT), 

transitions of care are complex, multifactorial and dynamic processes that are not possible to accurately 

standardise in the format of a scientific trial. In a systematic review of literature evaluating handoff 

tools, Abraham et. Al. comment that “While RCTs are preferred due to their scientific rigour, it is often 

challenging to run such studies in clinical settings due to a variety of factors: challenges of 

incorporating a new handoff intervention without disrupting the existing clinical workflow; recruiting 

a random sample of clinicians, especially among trainees, who transition on a monthly basis; lack of 

universally accepted outcome and evaluation measures for handoffs; difficulty in linking to patient-

related data for evaluation; and a high rate of susceptibility to patient or treatment selection biases.”47.  

 

Several studies have used prospective and retrospective hospital administrative data to evaluate 

transitions of care across settings. Many of these studies have sought to quantify the frequency of 

discharges and readmissions within hospital systems and networks at local and regional levels using 

quantitative methodologies19,23,82. There are also examples of quantitative methods being used to 

investigate the size and dynamics of care teams and handovers within hospitals49,83. Although there is 

clearly an important role for quantitative research in transitions of care research, many questions related 

to these processes are not able to be answered through quantitative methods alone. 

 

There are few readily available data sources that facilitate the accurate evaluation of transition of care 

processes. Much of the research in this field therefore requires the collection of data through 

observational methods49,67. Several qualitative studies have sought to identify, measure and therefore 

better understand several aspects of care transitions. For example, it has been identified that well-

executed transitions of care depend on both technical and non-technical aspects of performance84,85. 

Technical skills are the procedure-specific skills essential to executing appropriate care, whilst non-

technical skills are the personal, social and cognitive skills that contribute to safe and high-quality task 

performance86. Underlying the non-technical aspects of provider task performance during care 

transitions are human factors, including communication, task management, decision making, teamwork, 
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leadership and situational awareness. These non-technical aspects of performance cannot be 

comprehensively assessed through quantitative methods and require qualitative methods of 

evaluation85.  

 

There are also research challenges associated with the definition of outcome measures, as described in 

the previous section. In the evaluation of transitions of care across settings, there are few well-defined 

outcome measures that accurately reflect the success of a care transition10. In the context of intrahospital 

handovers, there is a paucity of handover research that uses clinically oriented metrics47. Most studies 

on intrahospital care transitions use handoff-related outcome measures, rather than patient related 

outcomes47. For example, the concept of an ‘information gap’ is often used in the handover literature to 

evaluate the quality of a handover. From the perspective of patients, such studies fail to address patient-

level outcome measures such as adverse events, treatment delays or length of stay and are therefore 

unable to directly ascertain the effect of handover-related interventions on patient safety47. The quality 

of much of the qualitative research into intrahospital transitions of care has also been questioned. A 

large systematic review into handover interventions observed that many studies used surveys or 

questionnaires that were often not validated for reliability, had a very small sample of respondents 

(n<20), relied on users’ recall (e.g. how many patients were missed), and included no contextual 

information47. 

 

The evaluation of transitions of care is clearly a broad and complex process that includes the application 

of both quantitative and qualitative methods. Observational approaches, case reports and root-cause 

analyses all have an important role in investigating transition of care processes. There are several 

examples of qualitative interview studies, questionnaires, focus groups and other observational 

methodologies that investigate transitions of care in multiple different settings within the transition of 

care literature62,63,87–89. Like the investigation of incidents in the aviation sector, these observational 

methods are often resource intensive, requiring significant periods of direct observation and data 

analysis by researchers. 

 

This thesis proposes that many transitions of care between providers and patients within the healthcare 

system may be able to be identified and evaluated using routinely collected big data and quantitative 

methods. By using routinely collected big data, this approach aims to bypass much of the resource-

intensive data collection that has been required in previous observational transition of care research67. 
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To identify and target important processes for investigation, qualitative research methods are also 

employed in several sections of the thesis. The premise underlying this mixed-methods approach is that 

the use of quantitative and qualitative approaches in combination provides a better understanding of the 

research problem than either approach could provide alone.  

1.9 Improving transitions of care: where has there been success? 

There have been a huge number of interventions proposed to attempt to improve various aspects of care 

transitions90. Despite this, no single intervention has been found to consistently improve transitions of 

care in all contexts11. There have, however, been several large and small-scale interventions that have 

been shown to be effective in improving care transitions at the macro (system), meso (provider-

provider) and micro (provider-patient) level. Evidence of improved patient-level outcomes, process 

outcomes and user experiences have been identified following the application of strategies in several 

contexts. For example, several studies have shown potential benefits, including reductions in 

readmissions and patient mortality and morbidity, associated with discharge interventions such as 

telephone follow-up, patient education, self-management, weight monitoring, dietary advice, exercise 

recommendations, medication review and social and psychological support10,23,24,76. System and 

institutional-level bundles of interventions that aim to avoid readmission to hospital following 

discharged have also shown to be successful in that aim25,37. Successful ‘transitional care’ actions have 

broadly included logistical arrangements, education of patients and carers and organisation of providers 

both within and across settings with the aim of improving the coordination and continuity of patient 

care2.  

 

In the context of intrahospital transitions of care, a small number of interventions have been found to 

promote better communication between providers during handover. Strategies to improve handovers 

such as the use of mnemonics, standardised written sign-out, direct observation and feedback, and 

dedicated curricula that teach handover communication skills have shown benefit47. These interventions 

have improved providers’ satisfaction with handover, perceptions of preparedness and increased 

accuracy and completeness of handovers47. Starmer et al. also showed that a bundle of interventions, 

including mnemonics, communication training, a faculty development and observation program and a 

sustainability campaign, reduced medical errors and preventable adverse events, without a negative 

impact on workflow79. Handover tools, such as the SBAR (situation, background, assessment and 
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response) mnemonic have been shown to encourage discussion of specific situations and emphasise the 

on-call resident’s assessment and response91.  

 

There are other contexts where transitions of care have been less well studied and successful 

interventions have been more difficult to identify in the literature. An example of this is in the context 

of interhospital transitions of care. Several studies have shown transitions of care between hospitals to 

be common and independently associated with worse outcomes for patients92–95. Interhospital transfers 

have been highlighted as risky periods for patients, although there has been little work to establish the 

frequency of transfers at a system level both in the UK and abroad92,96,97. There are few documented 

evidence-based strategies to improve interhospital transitions of care, despite these being increasingly 

common and relevant processes98,99. 

1.10 The digital age and healthcare: the emergence and evolution of sociotechnical systems 

Digital technologies have long been recognised as critical enablers to the transformation of healthcare 

systems around the world. There are several potential benefits associated with the digitalisation of 

healthcare. These include remote access to patient medical records, improved transfer of patient 

information between providers, data security, medication reconciliation, access to data for research, 

analytics and decision-support, improved legibility of records and better patient access via appropriate 

interfaces100–102. The ability to collect and process robust longitudinal population and individual health 

data can also enable policy makers and healthcare providers to implement targeted, evidence-based 

approaches to healthcare problems. Digitalisation can improve the quality and safety of healthcare by 

improving the quality and accessibility of medical information, enhancing workflow, decision making 

and communication, and ultimately reducing medical error102.  

 

Healthcare lags behind other industries in the adoption of digital technologies. Sectors such as banking, 

travel, retail and logistics have been transformed by digital technologies over the past two decades, 

leading to improvements in efficiency and safety for consumers102. The digital transformation of 

healthcare remains slow, fragmented, and challenging for both patients and providers.  Primary, 

secondary and social care, diagnostics, pharmacies, and public health often work in data silos, with 

information systems not communicating with each other. This results in duplication of tests, procedures 

and appointments and wastes valuable time and healthcare resources100.  
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Reasons for the slow and troubled rollout of digital technologies in healthcare are multifactorial. As 

Robert Wachter describes in the 2016 report Making IT Work: Harnessing the Power of Health 

Information Technology to Improve Care in England: “digitising large, complex organisations – 

particularly those, like healthcare, that do not involve repetitive, assembly line-type work but rather 

work with substantial complexity, nuance, and decision making under uncertainty – is adaptive change 

of the highest order. Failure to appreciate this leads to many of the other problems: underestimation of 

the cost, complexity, and time needed for implementation; failure to ensure the engagement and 

involvement of front-line workers; and inadequate skill mix. It is thus not surprising that many health 

IT implementations fail, not only in England but around the world.”100. Even in other sectors, the 

digitalisation of information systems was not completed without difficulties. A ‘productivity paradox’ 

was described in 1993 by US researcher Eric Brynjolfsson to highlight the initial, and unexpected, 

disruption to productivity associated with the introduction of digital systems into financial services, 

retail, entertainment and other industries103. Although this productivity paradox continues to be 

experienced in several parts of the healthcare sector, many of the benefits of digitalisation have already 

been realised and have become particularly valuable during the COVID-19 pandemic104. 

 

Some healthcare settings have adopted information technology more rapidly and comprehensively than 

others. For example, in the UK, the primary care sector is almost 100% digitised, and the COVID-19 

pandemic has further stimulated growth in the primary care digital sector, with increased uptake of tele- 

and video-health consultations, digital prescribing and patient engagement with electronic health 

records104,105. In the UK, secondary care has been far slower to adopt and capitalise on the benefits of 

digitalisation. Many hospitals in the NHS still use paper records, which impacts on the ability to 

electronically share records within and between care settings100. 

 

The complex connections between people, their social interactions, and technologies, are often referred 

to as sociotechnical systems106,107. Interactions between health information technology (HIT) and 

organisations’ sociotechnical systems leads to many desired and undesired consequences that impact 

on workflows, culture, social interactions, and technologies108. As healthcare systems move towards a 

digital-first approach, these sociotechnical systems have become increasingly relevant to transitions of 

care and patient safety, although they remain poorly understood. Mechanisms to investigate 

sociotechnical systems are not well developed. Traditional observational methods struggle to capture 

the complex, often hidden, interactions that exist at the interface between people and technologies107,108. 
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Through the lens of transitions of care, and using routinely collected big data, this thesis seeks to better 

understand sociotechnical systems in the digital age of healthcare, and how these systems can impact 

on the quality and safety of care. 

1.11 Big data in healthcare: what is it and how can it be used to better understand complex 

healthcare systems? 

There is no single clear definition of the term ‘big data’109. Big data resources are data resources that 

are collected for reasons other than research and are typically complex, multidimensional (i.e. involving 

multiple fragments of information that need to be pieced together) and messy (i.e. requiring extensive 

data management to clean and organise)110,111. One published definition of big data in healthcare refers 

to ‘large complex datasets requiring analysis with specialist hardware and software rather than 

commonly available tools’110. Data analysts and researchers often refer to the ‘three V’s’ of big data; 

volume, variety and velocity, or the ‘five V’s’, with the addition of validity and value112,113. These 

characteristics are outlined in Table 1.1. Researchers typically have no input into the content and 

structure of big data. Big data in healthcare includes data from several sources including omics data 

(genomics, epigenomics, metabolomics, pharmacogenomics etc), biomedical data, sensor data, 

administrative and social science data and electronic health records data114,115.  

 

‘Big Data’ Characteristic Description 

Volume Large amount of data held in big data sources 

Variety Large diversity of data types  

Velocity Rapid speed with which data is generated  

Validity Authenticity and credibility of the data source 

Value The large value of the data to generate useful insights 

 

Table 1.1 - Characteristics of big data - the 'three/five V's'112,113. 

There is no paucity of big data in healthcare. For example, in the NHS in England there were an 

estimated 564 million patient interactions with general practitioners (GPs), community hospital, mental 

health and ambulance services in 2018/19116. This represents 1.5 million contacts with these health-

related services every day, all of which are associated with a digital record of some aspects of that 

encounter116. Furthermore, it is estimated that as much as 30% of the entire world’s stored data is 

generated in health care systems117. Electronic health records (EHRs) at both the primary and secondary 

care level, hold vast amounts of health data, including structured and unstructured data relating to 
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diagnostics, treatments, patient status and patient-provider interactions115,118. EHR big data represents 

an invaluable resource for healthcare research and will inevitably become an increasingly important 

source of data for the future as digital systems become more widespread and integrated100,119.  

 

There is huge potential for big data sources to be used to better understand and improve healthcare. As 

well as improving care directly, there are many ‘secondary uses’ for healthcare big data including 

research, improving diagnosis and treatment, planning services and evaluating the effectiveness of 

policy120. Unlocking the potential of big data is a key focus of many health systems and 

researchers110,115,117. There are multiple examples of studies that have used big data sources to develop 

new insights into healthcare processes112,118,121.The value of healthcare data in the UK and 

internationally has been realised by providers and governments and there have been recent moves at an 

institutional and government level to better capitalise on the potential benefits of healthcare big 

data120,122.  

 

In addition to data collected routinely through existing interactions with healthcare systems, new digital 

technologies are enabling increasing volumes of health data to be collected every day. This includes 

information related to health both within and outside of healthcare encounters, for example in the home, 

community, or workplace123. The use of smart mobile devices, tablets and computers is near ubiquitous 

in the community. Personal health applications and technologies cover all aspects of health and 

wellbeing, from fitness, diet and medications to personal health data management. Wearable devices 

and sensors are increasingly accurate, affordable and useable, contributing to an ‘internet of things’ 

related to health and wellbeing124. Processing the vast amounts of data developed through these new 

technologies has been facilitated by advances in artificial intelligence (AI) and other data processing 

and interpretation tools such as natural language processing (NLP). Novel approaches like NLP can act 

as a bridge for technical solutions to address human problems. 

 

Administrative data can be described as data that is derived from the operation of administrative 

systems111. Administrative data differs from traditional research data as it is not originally collected for 

the purpose of research111. Administrative datasets are often large, complex, messy, multidimensional 

and rapidly generated - characteristics typical of big data. Administrative data is often referred to as a 

‘big data’ source in published literature 125,126. Administrative data will generally cover much larger 

sample sizes than traditional research data and occasionally cover the whole population of interest111. 
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In the UK, researchers are uniquely positioned to be able to access some of the largest and best quality 

administrative datasets in the world, including Hospital Episode Statistics (HES) at the secondary care 

level, and Clinical Practice Research Datalink (CPRD) at the primary care level127,128. Despite the utility 

of administrative data sets and other big data sources, there are some challenges associated with their 

use in research110. These include institutional heterogeneity in coding, missing data and access to 

anonymised or pseudonymised data for research purposes125,127,129. Several chapters in this thesis aim 

to use large administrative big data to identify and measure transitions of care within and between 

hospitals to uncover new insights into transition of care processes. 

1.12 Maintaining continuity of care during transitions: is it possible and how can digital 

technologies help? 

The concept of care continuity is frequently referred to in the transition of care and patient safety 

literature, although its definition may vary depending on the context within which it is used130,131. In a 

2003 article in the British Medical Journal, Haggerty et. Al. describe three types of continuity that apply 

across contexts and disciplines: informational continuity, management continuity, and relational 

continuity131. Informational continuity refers to the use of information on past events and personal 

circumstances to make current care appropriate for each individual. Management continuity refers to a 

consistent and coherent approach to the management of a health condition that is responsive to a 

patient’s changing needs. Relational continuity is the ongoing therapeutic relationship between a patient 

and one or more providers131. Each of these types of continuity is important to the care of patients during 

care transitions, and all are challenged by the fragmentation that is increasingly prevalent in modern 

healthcare systems.  

 

Relational continuity is disrupted when patients move between providers as they access care in different 

settings, institutions, and have their care handed between providers within settings. For example, each 

change of shift within a hospital disrupts relational continuity for patients, challenging the establishment 

of ongoing relationships with care givers. Management continuity is impacted as patients move between 

providers, teams and settings and their care needs change. Management continuity is particularly 

challenged when informational continuity is also disrupted. Informational continuity is the common 

thread linking care between providers and healthcare events. This relies on communication, 

documentation and systems of care that facilitate the accurate and rapid sharing of information between 

providers. Individuals are increasingly expecting that information about their care is shared between 
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their care providers, and that they can share their own healthcare information between providers on 

their own terms132. Failures of informational continuity represent failures of the healthcare system.  

 

Previous research suggests that in many healthcare systems, including in the UK, patients rely on 

primary care doctors to take the lead in maintaining informational continuity and coordinating patient 

care between primary and hospital settings11. This approach, however, is undermined by the 

involvement of multiple individuals in a patient’s care, the shortage of information provided to primary 

care doctors and the lack of direct contact between providers. The GP’s role in coordinating care has 

also been made more challenging by increasing primary care workloads in many healthcare systems. In 

the UK, a recent survey by the BMA found that the number of patients per practice is 22% higher than 

it was in 2015, but the GP workforce has not grown with this demand133. There is clearly a role for 

better digital systems, such as electronic health records, which have been shown to improve the routine 

transfer of information from secondary to primary care providers134.  

 

In the context of intrahospital handovers, EHRs also promote informational continuity by ensuring that 

patient’s medical records are available remotely and readily accessible by different providers. Despite 

this, many hospitals in the UK and abroad still use paper records, where a single copy of the patient 

records must be located to document and access a patient’s health information. Regarding handovers, a 

large systematic review of literature evaluating handover tools noted that standalone and health record 

integrated digital handover tools were being used increasingly frequently in hospitals47. This study 

reported that EHR-integrated digital handover tools have been prominent since 2008 and were possibly 

driven by the federally mandated push for standardised, integrated electronic healthcare applications in 

the USA47. Handover tools that capitalise on advances in digital technologies have the potential to 

retrieve data from multiple sources and present it to providers in a useable format. Despite this, the 

demand for better electronic handover systems within hospitals has not been realised, and many hospital 

clinicians still rely on printed and hand-written handover notes27,36. A better understanding of the scale 

and context of intrahospital handovers would aid in developing a case for improved digital systems. 

 

There are several examples of novel digital technologies being used to improve the handover of 

important clinical information between providers in the UK. Connell et al. evaluated the use of a 

digitally enabled care pathway for patients with acute kidney injury (AKI) that aimed to alert clinicians 

and connect a clinical response team via a mobile application135. This application was found to improve 
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access to specialists and communication flows within and between clinical teams and across 

professional groups135. Interventions like this have the potential to improve patient safety and outcomes 

by providing real-time access to patient data and assisting with the handover of pertinent patient 

information135,136. 

 

There are, however, limitations of current digital technologies aimed at improving transitions of care. 

In regards to intrahospital handovers, many existing digital handover tools are built for specific 

departments or specialties47,137. This lack of interoperability between potential users compromises the 

utility of these tools in healthcare settings where patient-provider networks transcend specialties and 

settings75. Existing digital handover tools have also been criticised for their focus on processing 

capabilities, rather than reliance capabilities, and a lack of evaluation through patient-focussed outcome 

measures75. To reach their full potential, there is clearly a need for expansion of digital handover tools 

across specialties and care settings. It is important to better understand the perspectives of healthcare 

providers and consumers and incorporate these perspectives in the design of new digital systems to 

improve transitions of care. 

1.13 Conclusion 

This introductory chapter has highlighted the breadth and complexity of transitions of care. A review 

of the literature has identified that transitions of care are risky periods for patients during their care 

journey and that there is clearly a need to improve these processes both within and between care settings. 

There is much work to be done to better quantify and understand transitions of care in most contexts 

and a comprehensive investigation across all settings is beyond the scope of a single researcher or group. 

Some types of care transitions, such as discharges from hospital to home, have been relatively well 

studied in the literature and strategies to improve discharges are well described. In many other contexts, 

however, transition of care processes remain poorly understood.  

 

The movement of patients between hospitals has not been well studied in the literature, despite 

intrahospital transitions of care being increasingly relevant as the delivery of healthcare services 

becomes more centralised. The paucity of system-level data on intrahospital care transitions impacts on 

our understanding of the scale of this issue and potential strategies to improve informational continuity 

as patients move between hospital settings. Similarly, there are important gaps in the literature regarding 

transitions of care between providers and teams within hospitals. Several studies have attempted to 
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quantify intrahospital handovers using observational methods. However, these observations are 

generally limited to specific disciplines and specialties and restricted in their scale due to the resource-

intensive methodologies used. There is a need to better understand these understudied transitions of 

care. Better data relating to transitions of care between providers, teams and settings can be used to 

facilitate novel technical solutions to these complex processes. 

 

The availability of administrative and EHR big data represents an opportunity to investigate these 

transition of care processes from a different perspective. There is a relative paucity of existing studies 

that have used administrative and EHR big data to specifically study transitions of care. These resources 

are likely to hold important insights into these understudied areas of care transitions, relating to the 

frequency, distribution and characteristics of transitions of care between hospitals and between 

providers within hospitals. 

1.14 Aims, objectives and conceptual framework of this thesis 

This thesis aims to determine if big data sources can be used to identify, measure, and better understand 

transitions of care. To target important aspects of care transitions in these settings and the application 

of these quantitative investigations, this thesis begins with a qualitative study that seeks to understand 

key concerns for patients transitioning between hospitals. Using the insights derived from these 

investigations and further qualitative work, the thesis then aims to develop a digital intervention to 

improve transitions of care between providers, teams and settings. 

 

The framework of this thesis is based around the observation that “barriers to effective care transitions 

can be categorised at three levels: the delivery system, the clinician, and the patient”2. Transitions of 

care are investigated at three levels: the macro (system) level, the meso (provider) level and the micro 

(patient) level. There are several key themes related to transitions of care studied at each of these levels, 

as highlighted in Figure 1.2. 
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Figure 1.2 - Conceptual framework for investigating transitions of care in this thesis at macro, meso and micro healthcare 

levels. Key themes of investigation in this thesis related to each of these levels are highlighted. 

 

Part one of this thesis, including chapters one and two, include an introduction and qualitative 

investigation into interhospital transitions of care at the patient level. This qualitative study provides 

guidance for the subsequent chapters. In part two – A system set up to fail – chapters three, four and 

five focus on identifying and measuring system-level interhospital transitions of care and highlighting 

issues related to EHR interoperability and data sharing between hospitals in the NHS in England. Part 

three of this thesis – Transitions at the Coalface of Clinical Care - targets meso, provider-provider and 

provider-patient level transitions of care. Chapter six reports on an investigation into consultant-level 

handovers through the context of emergency general surgery. Chapter seven describes a large study into 

intrahospital transitions of care and provider-provider interactions using routinely collected EHR data. 

Chapter eight reports on a qualitative study that sought to involve patients and the public in the design 

of an interactive digital EHR interface. This thesis concludes with a discussion of the key findings of 

the thesis, strengths and limitations, implications of the research and a reflection. 
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 - The patient experience of interhospital transitions of care: A qualitative study  

2.1 Introduction 

Healthcare starts and ends with patients. Recognising transition of care errors as a human problem, the 

initial phase of this thesis involved speaking directly with patients to identify key areas where this body 

of research could have a clear impact on care quality, patient safety and experience. The study aimed 

to explore patient perspectives on interhospital transfers and to identify areas for improvement in these 

complex processes. In this qualitative study, in-depth, semi-structured patient interviews were 

undertaken with 21 surgical patients transferred from eight different hospitals. Eight key themes were 

identified from the interviews: continuity of care between settings, the importance of communication, 

the emotional toll of care transitions, the value of family and carer support, transfer delays, patient 

comfort, concerns about safety and perceptions of access to appropriate care. Many of the identified 

problems stemmed from a system that is not set up to effectively manage information transfer during 

interhospital transitions of care. The results from this study were used to develop recommendations at 

a system, organisation, provider and patient level and guide research questions for subsequent sections 

of the thesis. 

2.1.1 Contextualising the role of qualitative research 

Although the focus of this thesis is largely on quantitative research using big data, a relative paucity of 

existing research in some of the areas under review stimulated the need for further hypothesis 

generation. This initial qualitative study sought to explore transitions of care from the perspectives of 

patients themselves to ensure that subsequent work in this thesis remained targeted on important issues 

to patients. 

2.1.2 Aims of this study 

In the context of the thesis, this qualitative study aimed to: 

- Explore patient experiences relating to interhospital transitions of care 

- Identify potential patient safety issues that arise during interhospital transitions of care 

- Explore the current and potential role of digital technologies relating to interhospital transitions 

of care 
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- Identify transition of care experiences and processes that might be a suitable target for further 

study using big data sources and, 

- Develop patient-focussed recommendations for safe, high-quality transitions of care between 

hospitals 

2.1.3 Definitions 

This thesis uses a broad definition of transitions of care to include any movement of patients between 

providers, teams or settings. This definition includes the movement of patients between hospitals, 

although these transitions are more commonly referred to as ‘interhospital transfers’ in the literature. In 

this chapter, the terms ‘interhospital transition of care’ and ‘interhospital transfer’ are used 

interchangeably. 

In this chapter, an interhospital transition of care is considered to commence from the time when a 

clinical decision to transfer a patient is made at the sending hospital and end at the point when the 

patient arrives on a ward bed in the receiving hospital. 

2.1.4 Methodology 

As this initial research was intended to be exploratory and hypothesis-generating, a qualitative approach 

was used. Qualitative research can be defined as ‘an inquiry process of understanding based on distinct 

and methodological traditions of inquiry that explore a social or human problem’138. The type of 

methodology used depends on the central research objective and questions139. For this initial research 

project, an interview study was determined to be the most appropriate methodology to fulfil the broad, 

exploratory focus of this part of the overall theme of study. 

Interviews are the most common format of data collection in qualitative research and are widely 

employed in healthcare research140. The semi-structured interview format is the most frequently used 

interview technique in qualitative research141. In semi-structured interviews, respondents answer pre-

set, open-ended questions and are typically conducted once only, with an individual or group. The 

interview questions guide the core research question and many associated questions related to the 

central question140. Advantages of interviews include the versatility, flexibility and depth of responses 

able to be identified141. Disadvantages include the time and resource-intensive nature of conducting and 

analysing interviews, a possible perceived lack of anonymity for participants and the potential for 
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introduction of researcher bias during interviews or analysis142. This study used the Framework Method 

of interview analysis. This method is similar to the Grounded Theory approach, however is better 

adapted to research that has specific questions, a pre-designed sample (e.g. specific patient groups) and 

a priori issues (e.g. organisational and integration issues) being considered143–145. 

2.1.5 Defining the research question 

Qualitative studies require researchers to state research questions, rather than objectives or hypotheses 

to prove or disprove143. In this study, the research question was intended to be broad to allow exploration 

of several factors and perspectives, but also sufficiently well-defined to guide the focus of the study and 

set boundaries on what was studied142. The primary research question used in this qualitative study was 

‘what is the patient experience of interhospital transitions of care?’ 

2.2 Methods 

2.2.1 Study design 

This study used in-depth, semi-structured interviews to collect data from participants. This approach 

was selected as it is a flexible, exploratory method of generating rich narratives associated with the 

processes being studied143. Semi-structured interviews typically ask participants pre-set open-ended 

questions to facilitate a systematic an comprehensive exploration of a topic, whilst maintaining focus 

on the phenomenon being studied146. 

2.2.2 Researchers 

Two researchers were involved in participant recruitment, data collection and analysis of interviews. 

LW is a clinician researcher and surgical trainee with some prior undergraduate level experience in 

qualitative research. LW is an active clinician at the organisation where the interviews were conducted 

and therefore had some pre-existing knowledge of the systems and processes that were being studied. 

MM is a medical and science student who also had some prior qualitative and interview research 

experience. MM had not previously worked or studied in the hospital where the interviews were 

conducted. Informal consultation on the project and methods of analysis were provided by an 

experienced qualitative researcher within the department.  

2.2.3 Interview guide 
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Semi-structured interviews typically use interview or ‘topic guides’ that comprise core questions and 

associated questions or prompts that also permit flexibility to pursue new or interesting areas that arise 

during the interview process143. These guides require a certain degree of previous study in the research 

topic area because the interview questions are based on previous knowledge141. Following a review of 

the literature on patient experiences in healthcare, an interview guide was developed for this study 

(Appendix 1), based on the NHS Patient Experience framework147. This guide was not intended to be 

prescriptive but instead to act as a tool to assist with discussion of possible areas of interest. Possible 

questions in this guide were intentionally open-ended and accessible for patients.  

2.2.4 Study setting 

This semi-structured interview study was undertaken at St Mary’s Hospital (SMH), a large teaching 

hospital located in Central London. SMH is one of three hospitals in the Imperial College Healthcare 

NHS Foundation Trust (ICHNT) and offers general and subspecialty surgical care. It is also the busiest 

trauma centre in London and therefore trauma patients constitute a large proportion of patients admitted 

under surgical teams at SMH. Some surgical subspecialties are primarily based at other hospitals within 

the ICHNT network and not provided at SMH beyond an emergency setting. As a specialist and trauma 

centre, SMH receives many patients from the Greater London region, in particular from North West 

London.  

The setting for interviews within SMH were hospital wards. All participants recruited into the study 

were hospital inpatients that were receiving active ward-based care at the time of their interview and 

therefore had recent, intimate, first-hand experience of the processes being studied. Patients located in 

the accident and emergency department or on the intensive care unit, were not recruited as it was 

possible that they had not yet completed their interhospital transition of care experience. By recruiting 

only ward-based patients, they were therefore able to reflect on their entire transfer experience. 

2.2.5 Participants 

Participants were eligible for inclusion in the study if they were adult patients (>18 years of age), 

involved in an interhospital transfer to SMH at the start of their current admission, currently admitted 

under a surgical specialty and actively receiving ward-based care, clinically fit enough to participate in 

the study (as determined by treating staff) and able to provide informed consent. Interpreters were 

provided if needed for patients that required this to participate in the study. 



 

52 

2.2.6 Sample size 

Planned sample size was based on anticipated attainment of data ‘saturation’. This refers to the 

collection and analysis of data until identified categories of data are ‘saturated’ and explain the bulk of 

the data, with minimal new variation emerging from subsequent interviews143. Sample size for this study 

was, therefore, not predetermined. Based on other interview studies and previous studies on similar care 

processes, we aimed for an initial sample size of 15-20 participants. This required number of 

participants to reach data saturation was reviewed regularly during recruitment and analysis of patients. 

The sample size achieved in this study was sufficient to reach data saturation. 

2.2.7 Ethical considerations 

The main ethical considerations in this study related to informed consent, confidentiality and data 

management. Ethical approval for this study was granted by the Health Research Authority (HRA) East 

of England – Essex Research Ethics Committee (Study Reference: 18/EE/0063, IRAS Project ID: 

241387) and approved by Imperial College London through the Joint Research Compliance Office 

(JRCO) (JRCO Reference Number: 18IC4361). Local trust-level approval for this study was provided 

by ICHNT with approval granted for both named researchers to conduct interviews with patients. 

Participant data management was designed to ensure compliance with the General Data Protection 

Regulation (GDPR), which came into effect during the data collection period of the study.  

Participants consenting to take part in the study were required to provide written informed consent prior 

to being interviewed. To give informed consent, prospective participants needed to have capacity, 

demonstrating that they understood the purpose and nature of the study, the risks and benefits of 

participating, the ability to weigh up information to make a decision and to freely communicate their 

decision to participate. Participants were informed that they were free to withdraw from the study at 

any point without needing to provide a reason.  Participants were also informed that the study would 

not affect the care that they were receiving, and the interview would be delayed or interrupted if they 

required active clinical care during the interview process. Patients were informed that there were rare 

conditions where confidentiality, but not anonymity, may be broken in the event of serious patient safety 

concerns that represented an ongoing risk to the patient or others. Benefits to participants taking part in 

the study were limited to their assistance in supporting research to improve experiences for other 

patients in the future. Prior to the interviews being conducted, arrangements were made to ensure that 
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any clinical issues or distress arising during the interviews were able to be addressed immediately by 

the clinical team, ward manager or Patient Advice Liaison Service (PALS).  

2.2.8 Participant recruitment 

To identify suitable patients that had been involved in an interhospital transfer, clerical and 

administrative staff based in the hospital admissions area at SMH were briefed on the study and invited 

to assist with recruitment. Upon receiving a patient to SMH that had been transferred from another 

hospital, the researchers were contacted and the hospital ward location to which the patient was to be 

admitted was communicated. If eligible for the study, potential participants were issued with a patient 

information sheet (Appendix 2) and patient consent form to consider (Appendix 3). Patients were given 

a minimum of four hours to consider if they would like to participate in the study, and were provided 

adequate opportunity to discuss their participation with family members, carers or friends. After this 

period, the researcher returned and, if the participant was willing to participate, written consent was 

obtained and the interview was either conducted immediately or at another mutually agreed time. 

Participants were given the opportunity to take more time to consider their participation in the study, if 

required. 

2.2.9 Data collection 

Interviews were conducted at a mutually convenient and private location either on the ward or in a 

private room or space within the hospital. Translators were made available for participants, if required. 

Prior to commencement of the interview, participants were again provided with an overview of the 

study and semi-structured interview process and reminded that their responses would remain 

confidential and anonymous, as outlined on the consent form. Consent for audio recording of the 

interview was again confirmed prior to commencement of the recording using a Dictaphone.  Additional 

field notes were taken to assist with guiding the interview. Audio recordings were securely downloaded 

and transferred to a professional transcription service where they were transcribed verbatim. 

Transcriptions remained anonymous and no participant details were included with the audio files. 

Transcripts were then securely returned to the researchers and checked for accuracy. 

2.2.10 Data analysis 
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Data analysis followed the Framework Method. This method has been used successfully in research for 

over 25 years and has become a popular analysis method in qualitative health research143,148. This 

method is most suitable for the analysis of interview data, where themes can be generated by making 

comparisons within and between cases143,148. Unlike other approaches to qualitative data analysis, such 

as Grounded Theory, the Framework Method is not aligned with a particular theoretical, philosophical 

or epistemological style which makes it more flexible to apply145,148. The Framework Method provides 

a clear, systematic model for managing and mapping interview data, as outlined in the following six 

steps of data analysis applied in this study. 

1. Familiarisation with interview data 

This initial step of analysis involved briefly reading through each interview and was conducted to ensure 

that each researcher became familiar with the individual interviews prior to coding. This was 

particularly important in this study as researchers were, at times, analysing interviews that they had not 

personally conducted. This familiarisation process promoted an understanding of each interview as a 

whole and aided contextualisation of elements within the interview. 

2. Coding 

In the context of qualitative research, coding is the assignment of a descriptive or conceptual label, a 

‘code’, to excerpts of data143. Interview coding forms the basis of a researcher’s notes to identify, 

explain, connect and compare categories145. Initial coding is intended to be fast and spontaneous and 

provide an initial, fresh overview of the data and can be done word-by-word, line-by-line, incident-to-

incident or using a combination of these approaches145.  Codes can refer to substantive things (e.g. 

incidents, behaviours or processes), values (e.g. those that inform or underpin certain statements, such 

as a belief in patient-centred care), emotions (e.g. fear, anger, frustration) or more 

impressionistic/methodological elements (e.g interviewee became emotional, difficulty explaining 

processes)148. Coding can be inductive (identifying new or emerging themes from the interview data), 

or deductive (based on predetermined concepts and its frequency of occurrence in the datasets). Due to 

the exploratory nature of this study, an inductive approach was used. 

In this study, after familiarisation with each interview, researchers performed initial ‘open coding’ using 

a line-by-line approach. This process sought to code any data that might be relevant from as many 

different perspectives as possible. Both researchers initial coded 12 (57%) of the transcripts. The 
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process of multiple coding was applied to reduce the subjectivity of the data analysis. Multiple coding 

is particularly important where an inductive approach is used as it ensures that the output codes are 

more rigorously determined148. 

3. Developing a working analytical framework 

An analytical framework is a set of codes organised into categories that have been jointly developed by 

researchers and are used to manage and organise the data148. Following initial coding of 12 transcripts, 

LW and MM met to review the independent coding of each interview and discuss discordance between 

the two researchers. Coding was compared and focussed codes were developed that explained ideas, 

event and processes across the data145. Any notes made regarding categories were discussed. This 

process facilitated refinement, clarification and expansion of concepts within the interview data. Using 

a Microsoft Excel149 spreadsheet, codes were recorded and grouped into categories to form an analytical 

framework for further analysis. 

4. Applying the analytical framework 

The analytical framework was applied with one researcher (LW) manually indexing all 21 transcripts 

using the developed categories and codes. Transcripts were systematically reviewed, and codes were 

marked directly onto the transcripts. The second researcher (MM) manually indexed three transcripts 

to ensure consistency in application of the analytical framework. This multiple-indexing process 

confirmed concordance. During this systematic analysis of all transcripts, representative comments 

were identified and noted on transcripts. 

5. Charting data into the framework matrix 

The process of charting helps to organise and stratify the coded data. Charting also ensures that the data 

is described using the subjective frames and expressions developed by the researchers in the preceding 

steps of analysis prior to interpretation148. In this study, data were charted by summarising the codes 

recorded in each interview by identified categories and recording these into an Excel spreadsheet 

matrix. The frequencies of particular codes were used to develop categories and themes. These were 

not reported in this study as the qualitative research approach used is not designed to be representative 

of a wider population, but rather to capture diversity around a phenomenon (interhospital transfers)150. 
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Representative comments that had been identified during review of the transcripts were included against 

categories on the spreadsheet. 

6. Interpreting the data 

Data interpretation is conducted to identify and corroborate key themes and concepts within the data. 

Themes are interpretive concepts or propositions that explain or describe the data and sit above 

categories and sub-themes151. Interpretation of the interview data in this study involved the two 

researchers (LW and MM) independently and then jointly reviewing and discussing the framework 

matrix and notes relating to the research data. Through this process, ideas, concepts and potential themes 

that emerged from the data were identified, reviewed and interrogated until consensus was reached. 

Key themes that emerged from these interpretations of the data were recorded and any sub-themes 

identified were added to these. Representative comments were reviewed and linked to the key themes 

that they related to.  

2.2.11 Data presentation 

Main themes identified from the analysis were presented in a conceptual figure. Representative 

comments relevant to each theme were displayed in tables. A swim lane activity diagram was used to 

present key recommendations arising from the study at the level of the healthcare system, organisations 

(hospitals/trusts), providers and patients. Swim lane diagrams are designed to show the sequence of 

activities with a clear role definition by displaying activities according to responsibilities152. 

2.2.12 Transcription notation 

Representative comments referred to in subsequent sections of the report use standard notation as 

outlined in Table 2.1. 
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Table 2.1 - Summary of transcription notation used in report. 

2.3 Results  

2.3.1 Participant characteristics 

A total of 21 participants were recruited to the study and interviewed between March 2018 and August 

2018.  Limited demographic and medical details including age, gender, the transferring hospital and the 

unit under which the patient was admitted were able to be obtained in keeping with restrictions on the 

recording of personal and health details of participants, as outlined in the ethics approval for this project. 

Participant characteristics are shown in Table 2.2. The average age of participants was 53 (range 19 to 

92). Twelve were male and nine were female. The most common hospitals that patients had been 

transferred from were Northwick Park Hospital (NWP) (4 participants) and West Middlesex Hospital 

(WMH) (4 participants). There were five hospitals from which only one patient was transferred. These 

individual hospitals were not named in this report and, instead, referred to as ‘other’ (OTH) to preserve 

anonymity. 

Notation Description

… Participant pause while speaking

-- Part of quote shortened or removed

[…] Participant has said something that is not grammatically correct. Participant word or comment
replaced with text in square brackets

{…} Patient gesturing, laughing or other non-verbal communication as described within brackets
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Table 2.2 - Interview and participant characteristics. Each hospital was allocated an abbreviation used to reference 

participant comments, as outlined. 

All interviews were conducted within the hospital, on the ward that the patient was admitted on. Fifteen 

interviews were conducted at the bedside, four were conducted in a private ‘family room’ on the ward 

and two were conducted in a staff handover room. As reported in Table 2.2, the average duration of 

interviews was 19 minutes (range 8 to 46 minutes). 

2.3.2 Key themes 

Following analysis, eight key themes emerged from the data; 1) continuity of care; 2) the importance 

of communication; 3) the emotional toll of transfers; 4) the value of family and carer support; 5) transfer 

delays; 6) patient comfort; 7) concerns about safety and 8) perceptions of access to appropriate care. 

Each of these themes is shown in and discussed below with representative comments included, where 

appropriate. 

Total participants, n 21

Age of participants (years), mean [range] 52 [19 - 92]

Interview duration (mins), mean [range] 19 [8 - 46]

Participant specialty

General surgery (including surgical trauma) 12

Vascular surgery 7

Orthopaedic surgery 1

Plastic surgery 1

Transferring hospital, participants

Northwick Park Hospital (NWP) 4

West Middlesex Hospital (WMH) 4

Watford General Hospital (WGH) 3

Charing Cross Hospital (CXH) 3

Chelsea and Westminster Hospital (CWH) 2

Other (total of 5 other hospitals) (OTH) 5
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Figure 2.1 - Identified key themes relating to patient interhospital transfer experiences. 

2.3.3 Continuity of care 

Continuity of care was a theme referred to both directly and indirectly by most participants in the study 

and was considered to be an important aspect of transitions of care between hospitals. Several 

representative comments relating to continuity of care are included in Table 2.3. Some participants 

reflected positively on care continuity between hospitals, whereas others had a negative experience: 

“They were waiting when I got there, knew I was going to be coming, that was 

good.” (General Surgery, CXH) 

“I had to remind a couple of people that I was there at times but other than that, it 

was seamless.” (General Surgery, WMH) 

“Everything seemed rather smooth and worked rather well – I got the impression 

there was an unbroken communication in terms of medication and procedure, 

almost as if they were remotely controlled by each other.” (General Surgery, NWP) 

“There was no co-ordination – it didn’t link together at all. Nothing linked. For 

example, when I arrived at A&E they’d never heard of me and they said on the 

system it didn’t say why I was supposed to be going to the A&E. I spent five hours 
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in A&E before they even knew what I was doing there. It was just so very poorly 

handled.” (Vascular Surgery, CXH) 

“There was no seamlessness at all, it was totally disjointed.” (Vascular Surgery, 

CXH) 

Multiple participants referred to the concept of ‘seamlessness’; a streamlined care pathway without 

seams or breaks153. Participants reflected positively on experiences that made their care seem more 

seamless and connected-up between hospitals. Several participants were surprised that their health 

records from the sending hospital were not able to be accessed and referred to by the receiving hospital. 

One participant specifically commented on the benefits of having their electronic health record 

accessible across two different hospital sites: 

“It’s a benefit because I’ve been able to have treatments at Charing Cross Hospital, 

and Charing Cross and St Mary’s here are linked, so they’ve actually now got all 

my records together, so that was quite handy in one way, for me.” (General surgery, 

OTH) 

Many participants commented that they have been treated in several different hospitals in the region 

previously, which negatively impacted on their health information being available at the receiving 

hospital: 

“I’ve been to the Royal Free, I’ve been to Barnet Hospital, I’ve been to Northwick 

Park, I’ve been here quite a few times, so I’ve been in most of the hospitals.” 

(General Surgery, WGH) 

Several participants were frustrated that the results from investigation that they had had performed at 

the sending hospital, such as blood tests and radiology studies, were not able to be accessed at the 

receiving hospital and needed to be repeated after they arrived: 

 “I noticed that when I arrived here, they had to repeat some of the same tests I’d 

already had in West Middlesex.” (General Surgery, WMH) 

“Having the same test done again was the only thing that I was curious about, why 

that needed to happen.” (General Surgery, WMH) 
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 “They did the ultrasound twice, even though they’d already found an issue at West 

Mid. They had to do it again here.” (General Surgery, WMH) 

“I wasn’t really sure how much they were already aware of when I turned up…When 

I arrived I still had to wait to be seen by someone. Considering that I was told that 

they were called and they were aware that I was coming I still had to wait around 

for quite a while before having the extra tests etc…When I was seen here they didn’t 

tell me ‘oh yes we’ve heard about this and you have this, this, this, they still had to 

repeat the same tests again.” (General Surgery, WMH) 

Some patients liked to be able to have information about their health problem to give to staff at the 

receiving hospital upon arrival. One patient felt frustrated and disempowered by not having access to 

their own health information during their interhospital transfer: 

“I said to the A&E receptionist ‘Look, we’ve just been transferred from [sending 

hospital] and I was told that everything will be ready here. They said ‘we haven’t 

got any information’ so I gave them the name, number; ‘no we have no information 

here’.” (Vascular Surgery, CXH) 

“The information should have been passed to someone who was on the reception 

desk.” (Vascular Surgery, CXH) 

“I would have thought that it would be better if I had a printed letter to take with 

me to show to the staff – ‘this man must go to [name of ward], eighth floor, St Mary’s 

Hospital’. To say it’s on the system when you haven’t got a copy of what is on the 

system you can’t argue with people.” (Vascular Surgery, CXH) 

Another participant, who had been given some information to present to the receiving hospital directly, 

felt that this helped to facilitate their admission at the receiving hospital: 

“They said ‘take this document, you go there to the reception, show that one, they 

will help you’. I come here, I show the document to the receptionist and she send 

me to the other receptionist on the [ward]. That’s it, it’s ok – they sent me straight 

away to the department where I needed to be. It was a good experience for me.” 

(General Surgery, WMH) 
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Some participants were aware that their health information was unlikely to be transferred between 

settings and hospitals and had therefore taken responsibility for carrying some of their health 

information and medication lists with them when moving between sites: 

“You should always carry in your wallet a [medication list] and then it gives your 

address and all the medications you’re on.” (General Surgery CWH) 

One participant also reflected positively on the experience of being accompanied by a nurse from the 

transferring hospital who was able to directly provide health information to the receiving care team in 

the resuscitation bay of the accident and emergency department: 

“[the nurse] passed on all of the files from Watford and briefed everyone in resus 

here about my injuries and then they all set to work.” (General Surgery, WGH) 

A key frustration of several patients was that upon arriving at the receiving hospital, they were 

processed though the accident and emergency department, rather than moving straight to a ward. Many 

participants commented that they had already endured a long and stressful time in the accident and 

emergency department at the sending hospital, only to feel that the process had started all over again 

after they had arrived at SMH: 

“[the doctor] said ‘you’ve got to go to A&E first and then to the ward’ and I don’t 

see why that should have been, I should have come straight here. It would have 

saved me four, five hours. I was sitting down on a stool in the A&E department.” 

(Vascular Surgery, CXH) 

In instances where participants had been transferred straight to the ward, without an intervening stay in 

A&E upon arrival at the receiving hospital, the transfer experience was generally reflected upon more 

positively: 

“[I came] straight up to the ward, they were waiting, it was fine.” (General Surgery, 

OTH) 

“I went straight to the ward which was good – it’s where I’m going to end up 

anyway.” (General Surgery, WGH) 
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As an example of continuity between care settings, one patient was directly contacted by both 

their General Practitioner and their consultant based at the transferring hospital, after arriving 

at the receiving hospital: 

“Even my [GP] actually phoned up as well, to see how I was getting on while I was 

here so that helped as well.” (General Surgery, WMH) 

“The consultant that actually referred me to this hospital, she actually gave me a 

call in the afternoon just to see how I was getting along which was really nice of 

her...a follow-up call was brilliant.” (General Surgery, WMH) 

2.3.4 Importance of communication 

All participants felt that communication between healthcare providers and patients was a significant 

determinant in their experience of being transferred between hospitals. Representative comments 

relating to communication are included in Table 2.4. Participants highlighted their fear and vulnerability 

during interhospital transitions of care and how clear communication helped to ease these burdens:  

“I think as a patient you’re kind of nervous as well why they’re transferring you but 

it’s just reassuring to hear ‘look, it’s better for the tests to be done at this place 

rather than us doing’. It’s very important that the patient receives that information, 

for sure.” (General Surgery, WMH) 

“More communication. The more you communicate with the staff the better you 

feel.” (Plastic Surgery, NWP) 

Specifically, participants wanted regular updates from healthcare staff about the likely timings of events 

during their transfer such as when the ambulance would be picking them up, how long the ambulance 

journey would take and how long they would have to wait for a ward bed to become available at the 

receiving hospital once they had arrived. Participants appreciated clarity, honesty and dialogue during 

communication, which allowed them to be informed about decisions that were often being made on 

their behalf: 

“They told me ‘this is what’s going to happen, you’ve got a team waiting for you’. 

They kept me well informed.” (General Surgery, OTH) 
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“They kept me informed, where we were, how far we’d gone, how far we had to go. 

Very good.” (Vascular Surgery, OTH) 

“they were waiting, they kept me posted, told me why I needed to come, that was 

good.” (General Surgery, OTH) 

“[communication] was very good, I think they explained what they can and I think 

they were straight up and put their cards on the table and they were very honest to 

me.” (General Surgery, WMH) 

“more information, explanations…giving them the chance to understand.” 

(General Surgery, CXH) 

 “I was able to easily understand why they’re doing this [transfer]. They just told 

me ‘we need to make a call, we feel you’d be better going over there, they’re more 

specialised and equipped for it.” (General Surgery, CWH) 

Forming a connection with healthcare providers through communication helped participants to feel 

safer. The personal touch associated with these connections provided support for patients during this 

vulnerable time and improved their experience: 

“Once I made a connection with [the nurse], I felt safer.” (Vascular Surgery, WMH) 

 “I would appreciate some sort of one-to-one time with a doctor who can explain in 

terms that I can understand. So, exactly what’s happening now, what’s going to 

happen next, what’s going to happen in a month’s time. At the same time, I 

appreciate the doctors are extremely busy, so while I would like that opportunity, I 

don’t expect it.” (Vascular Surgery, OTH) 

“One of the young nurses was going off shift but she was happy enough to do extra 

time to be with me. So again, it was just, you felt the support, she came along with 

me.” (General Surgery, CWH) 

Several participants were unhappy with the level of communication that they received during their 

transfer, indicating that this contributed negatively to their transfer experience: 
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“There was no communication -- no one knew anything about it, even the reception 

lady in there.” (Vascular Surgery, CXH) 

 “I said ‘where are we going because I didn’t get any papers’ and [the transport 

driver] said ‘I don’t know, I was told to just bring you just to the hospital but I don’t 

know where you are going’.” (Vascular Surgery, CXH) 

“I was really not involved much, no information at all” (Vascular Surgery, CWH) 

One participant highlighted the need for communication with particularly vulnerable groups, such as 

older patients, who may have difficulty coping with the transfer: 

“[communication] is important for elderly people. Maybe younger people can cope 

but I suppose you get all different people, you know, doing this sort of thing.” 

(Vascular Surgery, CXH) 

2.3.5 The emotional toll of transfers 

Transitions of care between hospitals were clearly a difficult, stressful and emotional time for patients. 

Many patients highlighted that they were fearful during the transfer process. Experiences of 

interhospital transfers were often intimately linked to how well emotions and fears were managed by 

healthcare staff through communication, compassion and care. Representative comments relating to the 

emotional toll of transfers are included in Table 2.5. Several participants commented on the emotions 

experienced during their transfer: 

“It was a very emotional time…it’s quite overwhelming.” (General Surgery, OTH) 

“I was frightened.” (Vascular Surgery, CXH) 

 “mostly it was difficult. I was just scared.” (Vascular Surgery, WMH) 

“I was terrified, yes, because they wanted to ship me down here. I didn’t think I’d 

make it.” (Vascular Surgery, OTH) 
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“It was a very emotional time. I’m still quite emotional whenever I speak to my wife 

on the phone, get a bit choked. So yes, it’s quite overwhelming.” (Vascular Surgery, 

OTH) 

One participant reflected on how healthcare professionals did not necessarily appreciate how difficult 

these transfers were for patients and that patients were often scared of hospitals in general. The presence 

and support of healthcare professionals was felt to be particularly reassuring: 

“You know, we’re scared of hospitals – we’re often like a little kid needing Mummy 

nurse, we’re frightened. Just today I was talking to a mental health worker, a young 

fella and I said your main thing is the fact you’re there, your presence is so 

reassuring, it is.” (General Surgery, CWH) 

Participants noted the stress involved in coming into contact with several different healthcare providers 

during their transitions of care and how fleeting interactions were. They often had difficulty identifying 

their main care providers. Some participants commented on the benefits of forming relationships with 

care providers, only to be moved into a new setting where they had to re-establish connections with 

new care providers: 

“It’s difficult you know, because you go to the other place and in the other place 

you don’t know nobody and maybe in the other hospital you start to make friends, 

you know, like a doctor or like a sister and after that you leave these people, other 

people you will know. And it’s quite stressful.” (General Surgery, WMH) 

“Once I made a connection with [the nurse], I felt safer.” (General Surgery, WMH) 

Participants were consistently reassured by being able to access the care that they required, even if this 

meant transferring to a different hospital. Patients were generally trusting and accepting to take advice 

from healthcare providers to help them recover. One participant did, however, highlight a fear of being 

sent home from the accident and emergency department of the receiving hospital while in a vulnerable 

state: 

“You know how you feel when you’re ill? You just want to get it done, don’t you. 

Any way you can.” (Vascular Surgery, OTH)                                                                                                                                                                                                                                                                                                                                                                           
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“There was quite a lot of pain I remember and I was just happy that they were 

dealing with me. My fear was that they were going to sort of send me home right, 

well, you know, there’s nothing we can do, here’s some antibiotics, off you go and 

that was my biggest fear.” (Vascular Surgery, WMH) 

2.3.6 The value of family and carer support 

Accessing the support of family, carers or friends during the interhospital transfer experience was 

important for several participants. Representative comments from participants regarding the value of 

family and carer support are included in Table 2.6. Some participants expressed that they would like to 

have a known support person stay with them throughout their transfer, including during transportation 

between hospitals. Communication with, and involvement of support people reduced the emotional 

burden of the transfer for participants: 

“You want someone with you, when you’re coming over to another hospital. So, I 

think it’s very important that someone comes with you on a transfer.” (General 

Surgery, OTH) 

“If someone says they’re their carer then they’ve got to go with the person, that’s 

why they’re there, that’s the whole idea.” (Vascular Surgery, CXH) 

Other participants interviewed felt that having health professionals communicating their situation with 

their carer, family or friends was sufficient, without necessarily having to have a carer accompany them 

during their transfer: 

“Should you inform the family? Yes you should.” (Vascular Surgery, CWH) 

“I’m an independent person so I don’t think I need anybody else.” (General 

Surgery, NWP) 

Communication with family and carers was felt to be particularly important where the patient was 

unable to communicate and advocate for themselves due to illness or injuries: 
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“Yes, I mean I was definitely well-informed, even if it wasn’t to me it was towards 

my parents or my family members, because I wasn’t always in the most coherent 

state.” (General Surgery, WGH) 

“It definitely helped [having family] because most of the time I was in so much pain 

I couldn’t really understand what people were saying or I was so drugged up that I 

was falling asleep and the nurses and doctors were [unable] to talk to me, so it 

definitely helped.” (General Surgery, WGH) 

Some participants were separated from their family members or carers during their transfers which 

negatively affected their interhospital transition of care experience: 

“There [were] three patients, I was the last to be dropped off. My wife, who is my 

carer, was not allowed to travel in the car. Although there was space for her, she 

was not allowed because of insurance, quoted insurance problems. I had to go on 

my own and my wife had to make her own way -- it was abysmal, not fair at all.” 

(Vascular Surgery, CXH) 

One participant felt disappointed and upset that they weren’t better assisted in their attempts to contact 

their care worker during the transition of care: 

 “I wanted to phone my care workers, because I had care workers, I couldn’t phone 

them. I did ask them multiple times, they said they didn’t have a charger.” (Vascular 

Surgery, WMH) 

Another important aspect of carer and family support raised by some participants related to medication 

support. Family members and carers were often helpful in providing medical staff with lists of 

medications or the medications themselves when the patient wasn’t able to do so themselves due to 

illness: 

“[My wife] had all the medications in a bag with the prescription.” (Vascular 

Surgery, WMH) 
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Personal preferences were also important to participants. One participant discussed how they preferred 

to be washed and changed by their family member rather than hospital staff and how this was made 

difficult by being transferred to a distant hospital: 

“Unfortunately it’s turned out that my daughter cannot visit because you have 

moved me away from my home ground into the middle of London. My daughter 

works in the evening and she’s been up this morning at half seven/eight o’clock just 

to bring me a couple of bits -- she helped wash me, she helped to change me.” 

(General Surgery, WGH) 

Some participants were transferred considerable distances from their home to access specialist care at 

the receiving hospital. These participants reflected on the additional difficulties of being a long way 

away from their usual family and carer support, both personally and on behalf of those carers:  

“I’m so far from my family, I’ve got no visitors so I’ve got no one who can come in 

and just hold my hand, but I don’t expect a nurse to have to do that.” (Vascular 

Surgery, OTH) 

 “that’s where my family are and they’ve just dumped me in the middle of London 

with nobody.” (General Surgery, WGH) 

“[My daughter has] gone away, she is so upset that I’m now not going to see her. 

I’m due to have an operation Thursday and I’m not going to see her.” (General 

Surgery, WGH) 

2.3.7 Transfer delays 

Several participants raised concerns with delays during their transfer and several representative 

comments from these participants are included in Table 2.7. These delays were apparent before leaving 

the transferring hospital, during the physical transfer and following arrival at the receiving hospital. At 

the transferring hospital, some participants were upset that they were told that they were very unwell 

and needed to be transferred immediately, only to have to wait several hours for a decision on where to 

send them or for the transport to arrive to transfer them: 
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“It took them a bit to realise where would be the best place to take me.” (Plastic 

Surgery, NWP) 

“I expected the transfer to be earlier in the day. I waited all day.” (General Surgery, 

CXH) 

“The patient is waiting too long, that is the only thing that I’m concerned about.” 

(Orthopaedic Surgery, NWP) 

A common source of delay-related negative experiences for patients was a delay at the receiving 

hospital. Most patients reflected negatively on being processed through the receiving hospital accident 

and emergency department, rather than proceeding straight to the ward of the accepting team. These 

additional accident and emergency department stays at the receiving hospital were often prolonged 

while investigations were repeated and patients awaited review by specialist clinicians: 

 “Getting to the ward from A&E took seven hours, seven hours!” (Vascular Surgery, 

CWM) 

“It would have saved me four, five hours. I was sitting down on a stool in the A&E 

department.” (Vascular Surgery, CXH) 

“This bed actually wasn’t ready when I got here. I think it was a bit of a 

misunderstanding, so I was in A&E for about, I don’t know, probably about an hour 

before being brought up [to the ward], which wasn’t a huge thing”. (Vascular 

Surgery, OTH) 

The experience of delays during the transfer was not uniform, and some participants reflected more 

positively, or ambivalently, on the timing of their transfers: 

 “once it was decided, I was very soon in, fitted very smoothly, there was very little 

delay.” (General Surgery, CWH) 

 “It’s the NHS. At the end of the day, you’ve got to go with the flow.” (General 

Surgery, OTH) 

2.3.8 Patient comfort 
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Comfort for patients during the transition of care process was frequently referred to by interview 

participants. Sub-categories within this patient comfort theme included food and water, comfort and 

availability of seating, access to phones, beds and transport, physical hospital design and interactions 

with staff. Representative comments relating to this theme are shown in Table 2.8. The majority of 

participants were understanding that some comforts would be necessarily limited during transfers, as 

the priority at the time was on their medical wellbeing. They did, however, highlight some possible 

areas for improvement that could make interhospital transfers more comfortable for patients.  

Simple comforts like a glass of water or access to a telephone to contact relatives were reported to be 

difficult to access by several participants. One patient described the response received after asking for 

a glass of water at the receiving hospital: 

“I asked for some water and the nurse said, ‘I’m not a waitress’.” (Plastic Surgery, 

NWP) 

In addition to the frustration with delays associated with additional accident and emergency department 

stays during interhospital transitions of care, participants also criticised the availability of seating and 

beds in these areas. Many participants had been moved from a bed in the transferring hospital to a seat 

or a trolley in accident and emergency in the receiving hospital which they found uncomfortable and 

negatively affected their experience: 

“There’s quite limited waiting space in this particular hospital. [At] West Middlesex 

the A&E is always really full so there’s loads of seating, I was comfortable there. 

Here, it gets very full. The waiting room is quite small so people are sort of sitting 

corridors and down the side where you shouldn’t really be sitting… there could be 

a bit more space here I think in the waiting room.” (General Surgery, WMH) 

 ‘In A&E as soon as you got up to walk around, when you came back you didn’t 

have a seat. So you stayed in your seat, and you daren’t move because you knew if 

you came back there wouldn’t be a seat. They were sitting on the corridors, they 

were sitting everywhere, there were not enough seats. And where [the waiting 

room]is it’s right near the resus unit – and the staff were like ‘go away from here, 

go away from here, don’t stand there, don’t stand there’ but [relatives] were looking 
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after elderly people they want to stay with their family. The room was so 

claustrophobic it was unbelievable.” (Vascular Surgery, CXH) 

 “you daren’t go up and get a glass of water or cup of water because when you came 

back the seat was gone.” (Vascular Surgery, CXH) 

“I was on a trolley. I was laying on a trolley, so yes, that wasn’t very good.” 

(Vascular Surgery, OTH) 

Some participants felt that if patients were to be left waiting in the accident and emergency department 

for prolonged periods during their transfer, then these spaces should be better designed to ensure 

patients could be in relative comfort while awaiting a bed on the ward: 

“they need a complete change of design of the hospital. It’s too limited for the size 

of the A&E.” (Vascular Surgery, CXH) 

Several participants linked the comfort of their transition of care experience to the care shown by 

healthcare providers that they encountered during the experience. The majority of these interactions 

were positive: 

 “[The ambulance officers] were true gentlemen, they couldn’t do enough for me – 

they kept talking to me and that’s the main thing you can do, talk to people, or hold 

their hand or something like that. Holding hands is a cure in itself. I don’t know if 

anybody else says that, but I think that, anyway.” (General Surgery, NWP) 

 “To me, it’s not so much the facilities, it’s the quality and the care of the staff, you 

know that’s the crucial thing.” (General Surgery, CWH) 

One participant reported that an impersonal experience with care providers made them feel like cargo, 

rather than a person with an illness: 

 “I was just cargo. A package. They needed to get that package from one place to 

another.” (Vascular Surgery, OTH) 

2.3.9 Concerns about safety 
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Most participants referred to issues regarding safety during their transition of care between hospitals. 

Safety issues raised by participants included facilities, staffing, hospital acquired infections, 

medications and threats from other patients. Table 2.9 provides some representative comments from 

participants relating to safety. Some interview participants were concerned about the safety implications 

of busy staff trying to multi-task in the accident and emergency department of the receiving hospital: 

“I felt like they were trying to do like five different jobs at once and it really didn’t 

seem safe” (General Surgery, CXH) 

Several participants were unhappy with being left in the accident and emergency department while 

awaiting a bed. Some of these discussed concerns regarding their personal safety due to other patients 

in the department being aggressive and threatening in their vicinity. This added to the stress of the 

transition of care experience: 

“It was a very tight space down there and some people were lighting up cigarettes 

-- and other blokes going ‘if you do this down here I’m going to punch your head 

in’.” (Vascular Surgery, WMH) 

“I wouldn’t have felt safe in the [A&E] overnight on my own. If I was a woman on 

my own, in a side room, I wouldn’t have felt safe – you feel quite vulnerable, 

especially when you’re not used to it, but I survived.” (General Surgery, OTH) 

Medication concerns were common, with eight participants reporting a lack of medication continuity 

between hospitals and barriers to the receiving hospital knowing which medications were given prior 

to transfer at the transferring hospital. For patients with multiple regular medications, this was a source 

of stress and something that they felt potentially compromised their safety: 

“There was a mess up with my medications, I didn’t have medication with me when 

I came in because I came in a hurry, so it took a couple of days to sort the medication 

out.” (Vascular Surgery, CWH) 

“I [was] told what’s got to happen, I’ve got to be in a ward to get intravenous 

treatment immediately that evening. I got here and started to have my antibiotics 

just after midnight” (Vascular Surgery, WMH) 
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One patient expressed concerns about being exposed to hospital-acquired infections while waiting in 

the A&E department at SMH and how this contributed to their stress: 

I was afraid I might catch a cold and you know, for the first time in my life I was 

writhing about and [saying] ‘can anybody help me, I don’t know where we are 

going?” (Vascular Surgery, WMH) 

Human connection and communication with healthcare providers consistently facilitated a feeling of 

safety for participants.  

 “Once I made a connection with [the nurse], I felt safer” (Vascular Surgery, WMH) 

2.3.10 Perceptions of access to appropriate care 

Although the majority of participants reflected on their intrahospital transfer as being a difficult 

experience, the concept that the transfer was in the interests of the patient was generally well 

understood. Representative comments reflecting this are shown in Table 2.10. Most participants had a 

good understanding of the concept of centralised care and ‘centres of excellence’: 

“They said ‘[patient name], you need to go there because they’re better blah blah 

blah’. The communication was good – I prefer that they send me where I can find a 

specialist, you know” (General Surgery, WMH) 

“They explained that I need specialty care and that’s why I was transferred” 

(Orthopaedic Surgery, NWP) 

“You’ve got the facilities here which are absolutely correct for my case” (Vascular 

Surgery, CXH) 

“I was just advised by West Middlesex Hospital that the facilities here are much 

better and they could do more of a test on my condition, that’s why it would be a 

better option for me to come here” (General Surgery, WMH) 

“I think the [transfer] was needed because there’s a specialist down here with the 

heart.” (General Surgery, NWP) 
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“You know, Centres of Excellence and things like that tend to be further away. It’s 

a bit of a perennial issue, isn’t it really? But, as far as the transfer goes it would be 

useful to let the public know that they are likely to have a bit more of a journey after, 

or even during, treatment.” (General Surgery, NWP) 

Most participants were happy with their ability to access the specialist care that they required for the 

best possible care: 

“It was very easy [to get the care required], even when I didn’t know what I needed 

there was someone else telling me that I needed it so very easily” (General Surgery, 

WGH) 

 “Access to the treatment was good, I found it really good.” (General Surgery, 

WMH) 

“They said this was a better place, it’s go the tackle for what I’ve got. You know 

what I mean? They said if it had been anything else they’d have been alright.” 

(Vascular Surgery, OTH).
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Table 2.3 – Representative comments relating to continuity of care. 

 

Continuity of care - Representative comments

“They were waiting when I got there, knew I was going to be coming, that was good.” (General Surgery, CXH)

“There was no co-ordination – it didn’t link together at all. Nothing linked. For example, when I arrived at A&E they’d never heard of me and they said on the system it didn’t say why I was supposed to be going to the A&E. I spent five hours in 
A&E before they even knew what I was doing there. It was just so very poorly handled.” (Vascular surgery, CXH)

“there was no seamlessness at all, it was totally disjointed.” (Vascular surgery, CXH)

“[I came] straight up to the ward, they were waiting, it was fine.” (General surgery, OTH)

“[the nurse] passed on all of the files from Watford and briefed everyone in resus here about my injuries and then they all set to work.” (General surgery, WGH)

“I said to the A&E receptionist ‘Look, we’ve just been transferred from [sending hospital] and I was told that everything will be ready here. They said ‘we haven’t got any information’ so I gave them the name, number; ‘no we have no 
information here’.” (Vascular surgery, CXH)

“everything was done as quickly and smoothly as what I can see as possible, things don’t just happen in an instant do they, but yeah, as quickly as it could have been done, as smoothly as it could have been done.” (General surgery, WGH)

“They said ‘take this document, you go there to the reception, show that one, they will help you’. I come here, I show the document to the receptionist and she send me to the other receptionist on the [ward]. That’s it, it’s ok – they sent me 
straight away to the department where I needed to be. It was a good experience for me.” (General surgery, WMH)

“The information should have been passed to someone who was on the reception desk.” (Vascular surgery, CXH)

“Even my [GP] actually phoned up as well, to see how I was getting on while I was here so that helped as well.” (General surgery, WMH)

“I noticed that when I arrived here they had to repeat some of the same tests I’d already had in West Middlesex.” (General surgery, WMH)

“Having the same test done again was the only thing that I was curious about, why that needed to happen.” (General surgery, WMH)

“I had to remind a couple of people that I was there at times but other than that, it was seamless.” (General surgery, WMH)

“They did the ultrasound twice, even though they’d already found an issue at West Mid. They had to do it again here.” (General surgery, WMH)

“I wasn’t really sure how much they were already aware of when I turned up…When I arrived I still had to wait to be seen by someone. Considering that I was told that they were called and they were aware that I was coming I still had to wait 
around for quite a while before having the extra tests etc…When I was seen here they didn’t tell me ‘oh yes we’ve heard about this and you have this, this, this , they still had to repeat the same tests again.” (General surgery, WMH)

“I went straight to the ward which was good – it’s where I’m going to end up anyway.” (General surgery, WGH)

“I’ve been to the Royal Free, I’ve been to Barnet Hospital, I’ve been to Northwick Park, I’ve been here quite a few times, so I’ve been in most of the hospitals.” (General surgery, WGH)

“It all went well, like a watch – they were all absolutely brilliant. Yes, nothing went wrong. Very good.” (Vascular surgery, OTH)

“Everything seemed rather smooth and worked rather well – I got the impression there was an unbroken communication in terms of medication and procedure, almost as if they were remotely controlled by each other.” (General surgery, NWP)

“You should always carry in your wallet a [medication list] and then it gives your address and all the medications you’re on.” (General surgery CWH)

“It’t handed over very smoothly. I feel there must be very good co-ordination with the hospitals. Good team work, yeah,” (General surgery, CWH)

“One of the young nurses was going off shift but she was happy enough to do extra time to be with me. So again, it was just, you felt the support, she came along with me.” (General surgery, CWH)

“I had to be taken to two different hospitals before being brought to this one, for them to decide, yeah, this is the right hospital for me – they didn’t have a clue what they were doing at the start, they were just driving me around while blood was 
pouring out of my arm. It took them a bit of time to realise where would be the best place to take me and I think they just need to come to that realisation quicker, like they need to assess the situation in a different manner.” (Plastic surgery, NWP)

“It’s a benefit because I’ve been able to have treatments at Charing Cross Hospital, and Charing Cross and St Mary’s here are linked, so they’ve actually now got all my records together, so that was quite handy in one way, for me.” (General 
surgery, OTH)

“I got to the resus and there was a team there waiting for me. They were waiting for me when I got there. So yeah, it’s all well informed, knew I was going to be coming.” (General surgery, OTH)
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Table 2.4 – Representative comments relating to the importance of communication. 

 

 

 

Importance of communication - Representative comments

“more information, explanations…giving them the chance to understand.” (General surgery, CXH)

“I feel like I’ve the whole time been well informed about all of my injuries and everything.” (General surgery, WGH)

“when I went down to patient transport services near the exit they’d never heard of me, so the receptionist hadn’t spoken to patient transport, they don’t know who we spoke to and [it] was a half hour wait before they even found me on the 
system.” (Vascular surgery, CXH)

“Everything was supposed to be seamless, everything was organised, actually on the system I was told, kept on being told it’s all on the system. It clearly wasn’t.” (Vascular surgery, CXH)

“Once I made a connection with [the nurse], I felt safer.” (Vascular surgery, WMH)

“everyone was just really double sweet. I never saw one frown whatsoever.” (Vascular surgery, WMH)

“they were waiting, they kept me posted, told me why I needed to come, that was good.” (General surgery, OTH)

“pretty well coordinated from when they first told me what was going to happen. It was done pretty quickly.” (General surgery, WGH)

“There was no communication -- no one knew anything about it, even the reception lady in there.” (Vascular surgery, CXH)

“I said ‘where are we going because I didn’t get any papers’ and [the transport driver] said ‘I don’t know, I was told to just bring you just to the hospital but I don’t know where you are going’.” (Vascular surgery, CXH)

“[communication] is important for elderly people. Maybe younger people can cope but I suppose you get all different people, you know, doing this sort of thing.” (Vascular surgery, CXH)

“The consultant that actually referred me to this hospital, she actually gave me a call in the afternoon just to see how I was getting along which was really nice of her...a follow-up call was brilliant.” (General surgery, WMH)

 “[communication] was very good, I think they explained what they can and I think they were straight up and put their cards on the table and they were very honest to me.” (General surgery, WMH)

“I think as a patient you’re kind of nervous as well why they’re transferring you but it’s just reassuring to hear ‘look, it’s better for the tests to be done at this place rather than us doing’. It’s very important that the patient receives that 
information, for sure.” (General surgery, WMH)

“I found the communication was really good at West Mid actually. Yeah, they explained to me exactly what the results of my tests were, what they meant.” (General surgery, WMH)

“I was really not involved much, no information at all” (Vascular surgery, CWH)

“It was very good once I was here, they explained everything to me.” (Vascular surgery, CWH)

“They kept me informed, where we were, how far we’d gone, how far we had to go. Very good.” (Vascular surgery, OTH)

“I was able to easily understand why they’re doing this [transfer]. They just told me ‘we need to make a call, we feel you’d be better going over there, they’re more specialised and equipped for it.” (General surgery, CWH)

“I would appreciate some sort of one-to-one time with a doctor who can explain in terms that I can understand. So, exactly what’s happening now, what’s going to happen next, what’s going to happen in a month’s time. At the same time, I 
appreciate the doctors are extremely busy, so while I would like that opportunity, I don’t expect it.” (Vascular surgery, OTH)

“More communication. The more you communicate with the staff the better you feel.” (Plastic surgery, NWP)

““One of the young nurses was going off shift but she was happy enough to do extra time to be with me. So again, it was just, you felt the support, she came along with me.” (General surgery, CWH)

“They told me ‘this is what’s going to happen, you’ve got a team waiting for you’. They kept me well informed.” (General surgery, OTH)
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Table 2.5 - Representative comments relating to the emotional toll of transfers. 

 

The emotional toll of transfers - Representative comments

“It was a very emotional time…it’s quite overwhelming.” (General Surgery, OTH)

“I was frightened.” (Vascular surgery, CXH)
“There was quite a lot of pain I remember and I was just happy that they were dealing with me. My fear was that they were going to sort of send me home right, well, you know, there’s nothing we can do, here’s some antibiotics, off you go and 
that was my biggest fear.” (Vascular surgery, WMH)
“mostly it was difficult. I was just scared.” (Vascular surgery, WMH)

“I was terrified, yes, because they wanted to ship me down here. I didn’t think I’d make it.” (Vascular surgery, OTH)
“You know, we’re scared of hospitals – we’re often like a little kid needing Mummy nurse, we’re frightened. Just today I was talking to a mental health worker, a young fella and I said your main thing is the fact you’re there, your presence is 
so reassuring, it is.” (General surgery, CWH)
“You know how you feel when you’re ill? You just want to get it done, don’t you. Any way you can.” (Vascular surgery, OTH)

“It was a very emotional time. I’m still quite emotional whenever I speak to my wife on the phone, get a bit choked. So yes, it’s quite overwhelming.” (Vascular surgery, OTH)
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Table 2.6 - Representative comments relating to the value of family and carer support. 

 

The value of family and carer support - Representative comments

“Lucky my Goddaughter came to help me out.” (Vascular surgery, WMH)

“Yes, I mean I was definitely well-informed, even if it wasn’t to me it was towards my parents or my family members, because I wasn’t always in the most coherent state.” (General surgery, WGH)
“It definitely helped [having family] because most of the time I was in so much pain I couldn’t really understand what people were saying or I was so drugged up that I was falling asleep and the nurses and doctors were [unable] to talk to me, 
so it definitely helped.” (General surgery, WGH)
“There [were] three patients, I was the last to be dropped off. My wife, who is my carer, was not allowed to travel in the car. Although there was space for her, she was not allowed because of insurance, quoted insurance problems. I had to go 
on my own and my wife had to make her own way -- it was abysmal, not fair at all.” (Vascular surgery, CXH)
“if someone says they’re their carer then they’ve got to go with the person, that’s why they’re there, that’s the whole idea.” (Vascular surgery, CXH)

“I wanted to phone my care workers, because I had care workers, I couldn’t phone them. I did ask them multiple times, they said they didn’t have a charger.” (Vascular surgery, WMH)

“Once I made a connection with [the nurse], I felt safer.” (General surgery, WMH)
“It’s difficult you know, because you go to the other place and in the other place you don’t know nobody and maybe in the other hospital you start to make friends, you know, like a doctor or like a sister and after that you leave these people, 
other people you will know. And it’s quite stressful.” (General surgery, WMH)
“[My wife] had all the medications in a bag with the prescription.” (Vascular surgery, WMH)

“Sometimes the patient would need [carer support], depending on their age.” (General surgery, WMH)
“Unfortunately it’s turned out that my daughter cannot visit because you have moved me away from my home ground into the middle of London. My daughter works in the evening and she’s been up this morning at half seven/eight O’clock 
just to bring me a couple of bits -- she helped wash me, she helped to change me.” (General surgery, WGH)
“[My daughter has] gone away, she is so upset that I’m now not going to see her. I’m due to have an operation Thursday and I’m not going to see her.” (General surgery, WGH)

“that’s where my family are and they’ve just dumped me in the middle of London with nobody.” (General surgery, WGH)

“Should you inform the family? Yes you should.” (Vascular surgery, CWH)

“I’m an independent person so I don’t think I need anybody else.” (General surgery, NWP)

“I’m so far from my family, I’ve got no visitors so I’ve got no one who can come in and just hold my hand, but I don’t expect a nurse to have to do that.” (Vascular surgery, OTH)

“You want someone with you, when you’re coming over to another hospital. So I think it’s very important that someone comes with you on a transfer.” (General surgery, OTH)
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Table 2.7 - Representative comments relating to transfer delays. 

 

Transfer delays - Representative comments

“It took them a bit to realise where would be the best place to take me.” (Plastic surgery, NWP)

“[the transfer] was very quick. I come out of the ward straight downstairs, straight in [the ambulance], there was no hanging around, no waiting for second calls, you know, they were boom, boom, gone.” (Vascular surgery, OTH)
“[the doctor] said ‘you’ve got to go to A&E first and then to the ward’ and I don’t see why that should have been, I should have come straight here. It would have saved me four, five hours. I was sitting down on a stool in the A&E department.”
(Vascular surgery, CXH)
“I would have thought that it would be better if I had a printed letter to take with me to show to the staff – ‘this man must go to [name of ward], eighth floor, St Mary’s Hospital’. To say it’s on the system when you haven’t got a copy of what is on
the system you can’t argue with people.” (Vascular surgery, CXH)
“Getting to the ward from A&E took seven hours, seven hours!” (Vascular surgery, CWM)

“The patient is waiting too long, that is the only thing that I’m concerned about.” (Orthopaedic surgery, NWP)

“once it was decided, I was very soon in, fitted very smoothly, there was very little delay.” (General surgery, CWH)

“I expected the transfer to be earlier in the day. I waited all day.” (General surgery, CXH)
“This bed actually wasn’t ready when I got here. I think it was a bit of a misunderstanding, so I was in A&E for about, I don’t know, probably about an hour before being brought up [to the ward], which wasn’t a huge thing”. (Vascular surgery,
OTH)
“It’s the NHS. At the end of the day, you’ve got to go with the flow.” (General surgery, OTH)
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Table 2.8 - Representative comments relating to patient comfort. 

 

Patient comfort - Representative comments

“I asked for some water and the nurse said “I’m not a waitress.” (Plastic surgery, NWP)
“I personally wouldn’t use private minicabs, there should be a dedicated patient transfer service, like DHL run don’t they? But to just get a minicab off the street and to hear about [the driver’s] domestic problems on the way wasn’t very
ideal.” (Vascular surgery, CXH)
‘In A&E as soon as you got up to walk around, when you came back you didn’t have a seat. So you stayed in your seat, and you daren’t move because you knew if you came back there wouldn’t be a seat. They were sitting on the corridors,
they were sitting everywhere, there were not enough seats. And where [the waiting room]is it’s right near the resus unit – and the staff were like ‘go away from here, go away from here, don’t stand there, don’t stand there’ but [relatives] were
looking after elderly people they want to stay with their family. The room was so claustrophobic it was unbelievable.” (Vascular surgery, CXH)
“they need a complete change of design of the hospital. It’s too limited for the size of the A&E.” (Vascular surgery, CXH)

“you daren’t go up and get a glass of water or cup of water because when you came back the seat was gone.” (Vascular surgery, CXH)

“I was frightened.” (Vascular surgery, CXH)

“He was such a nice man, all of [the staff] were…we did whatever they told us.” (Vascular surgery, CXH)

“I was very comfortable but I could understand how hectic A&E is and it’s not the best place to be in any hospital but the facilities here were just as good.” (General surgery, WMH
“There’s quite limited waiting space in this particular hospital. [At] West Middlesex the A&E is always really full so there’s loads of seating, I was comfortable there. Here, it gets very full. The waiting room is quite small so people are sort of
sitting corridors and down the side where you shouldn’t really be sitting… there could be a bit more space here I think in the waiting room.” (General surgery, WMH)
“The food is atrocious, it’s atrocious, I mean, really bad.” (Vascular surgery, CWH)
“[The ambulance officers] were true gentlemen, they couldn’t do enough for me – they kept talking to me and that’s the main thing you can do, talk to people, or hold their hand or something like that. Holding hands is a cure in itself. I don’t
know if anybody else says that, but I think that, anyway.” (General surgery, NWP)
“I was on a trolley. I was laying on a trolley, so yes, that wasn’t very good.” (Vascular surgery, OTH)

“At the time I must admit I did question [the transfer]. It seemed a fairly long journey, but it was comfortable, it all seemed to go fairly smoothly.” (General surgery, OTH)

“To me, it’s not so much the facilities, it’s the quality and the care of the staff, you know that’s the crucial thing.” (General surgery, CWH)

“I was transferred here by helicopter. The actual journey took about an hour, and wasn’t particularly pleasant – but the primary objective was to get me from one place to another in as short period as possible.” (Vascular surgery, OTH)

“I was just cargo. A package. They needed to get that package from one place to another.” (Vascular surgery, OTH)
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Table 2.9 - Representative comments relating to concerns about safety. 

 

 
Table 2.10 - Representative comments relating to perceptions of access to appropriate care.

Concerns about safety - Representative comments

“I felt like they were trying to do like five different jobs at once and it really didn’t seem safe” (General surgery, CXH)

“It was a very tight space down there and some people were lighting up cigarettes -- and other blokes going ‘if you do this down here I’m going to punch your head in’” (Vascular surgery, WMH)

“I [was] told what’s got to happen, I’ve got to be in a ward to get intravenous treatment immediately that evening. I got here and started to have my antibiotics just after midnight” (Vascular surgery, WMH)

“Once I made a connection with [the nurse], I felt safer” (Vascular surgery, WMH)

I was afraid I might catch a cold and you know, for the first time in my life I was writhing about and [saying] ‘can anybody help me, I don’t know where we are going?” (Vascular surgery, WMH)

“There was a mess up with my medications, I didn’t have medication with me when I came in because I came in a hurry, so it took a couple of days to sort the medication out.” (Vascular surgery, CWH)

“The only problem is actually when you are going from one place to another and you are outside, so there is obviously a risk involved in the movement.” (General surgery, NWP

“it’s just the logistics, actually getting the pain medication and the epidural took a while, but that’s not a criticism, that’s just simply the NHS has a lot of shortage of staff, I think.” (General surgery, CWH)

“I wouldn’t have felt safe in the [A&E] overnight on my own. If I was a woman on my own, in a side room, I wouldn’t have felt safe – you feel quite vulnerable, especially when you’re not used to it, but I survived.” (General surgery, OTH)

Perceptions of access to appropriate care - Representaive comments

“They explained that I need specialty care and that’s why I was transferred” (Orthopaedic surgery, NWP)

“It was very easy [to get the care required], even when I didn’t know what I needed there was someone else telling me that I needed it so very easily” (General surgery, WGH)

“They said ‘[patient name], you need to go there because they’re better blah blah blah’. The communication was good – I prefer that they send me where I can find a specialist, you know” (General surgery, WMH)

“I wait six months for one appointment – it’s stressful. I prefer that you go to GP or hospital and they take you straight away and solve your problem” (General surgery, WMH)

“You’ve got the facilities here which are absolutely correct for my case” (Vascular surgery, CXH)

“I was just advised by West Middlesex Hospital that the facilities here are much better and they could do more of a test on my condition, that’s why it would be a better option for me to come here” (General surgery, WMH)

“Access to the treatment was good, I found it really good.” (General surgery, WMH)

“I would have been quite happy to have gone to a specialist hospital if it means I have one more operation in front of me rather than two or three but’s not worked out like that.” (General surgery, WGH)

“I think the [transfer] was needed because there’s a specialist down here with the heart.” (General surgery, NWP)
“You know, Centres of Excellence and things like that tend to be further away. It’s a bit of a perennial issue, isn’t it really? But, as far as the transfer goes it would be useful to let the public know that they are likely to have a bit more of a
journey after, or even during, treatment.” (General surgery, NWP)
“They said this was a better place, it’s go the tackle for what I’ve got. You know what I mean? They said if it had been anything else they’d have been alright.” (Vascular surgery, OTH)
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2.4 Discussion 

Transitions of care between hospitals are increasingly common experiences for surgical patients as care 

becomes increasingly centralised and specialised154,155. Benefits of care centralisation are well 

documented in some surgical and trauma specialties, including reductions in morbidity and 

mortality40,41,156. There are also, however, costs to care centralisation, and many of these are felt at the 

patient level. The patient experience associated with transitions of care between hospitals is difficult to 

measure quantitatively as these experiences are broad, poorly defined and personal by nature. This 

qualitative interview study identified and explored these experiences to generate patient-focussed 

recommendations and hypotheses for subsequent sections of this thesis. 

 

To our knowledge, this is the first interview study of its kind and size to be conducted on surgical 

patients transferring between hospitals in the UK. The 21 participants interviewed in this study shared 

a broad range of experiences, concerns and ideas to improve the experience of transferring between 

hospitals. There was an overwhelming consensus between participants that transitions of care between 

hospitals are disempowering, scary and challenging for individuals during these periods of illness and 

vulnerability. This study identified several potential barriers and facilitators to safe, high quality care 

during interhospital transitions of care that will be assessed in further research. 

2.4.1 Maintaining continuity of care during transitions of care between hospitals 

Continuity of care is the extent to which services are received as part of a coordinated and uninterrupted 

succession of events consistent with the medical care needs of patients157. This study found that 

maintenance of care continuity was a key issue for patients during interhospital transitions of care. Most 

references to care continuity in this study were negative, with participants expressing that their care was 

fragmented between hospitals at a system, provider and personal level. Continuity was fragmented 

across multiple dimensions previously described in the literature, including informational continuity, 

chronologic or longitudinal continuity, interpersonal continuity, geographic continuity, 

interdisciplinary or team-based continuity and family continuity158,159. Barriers and facilitators to 

continuity of care relating to each of these dimensions that were described in this study are illustrated 

in Table 2.11. 

In Table 2.11, Informational continuity refers to the concept of each provider caring for a patient having 

access to comprehensive information about the patient’s previous health care encounters, even if these 
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were with different providers of in different settings158,160. Chronologic or longitudinal continuity is 

defined as an ongoing pattern of care encounters that occur in the same place, with the same health 

record and the same healthcare professionals160. Interpersonal continuity refers to an ongoing personal 

relationship between the patient and a specific healthcare provider and is characterised by personal trust 

and responsibility158,161. Geographic continuity is care that is provided with continuity regardless of the 

physical location of the patient, for example in a different hospital or care setting158,162. Interdisciplinary 

or team-based continuity implies care that facilitates the use of previous knowledge of the patient across 

a range of different healthcare services and types of different healthcare professionals, for example, 

between allied health professionals and doctors158. 

 

Table 2.11 - Domains of care continuity and barriers (red text) and facilitators (green text) to continuity highlighted by 

participants in this study. 

Traditional views of care continuity that dominate published literature on the topic often focus on 

interpersonal continuity and the responsibility of individual doctors to provide continuity to the patients 

that they care for160,163. This provider-focussed view of continuity is, clearly, not compatible with 

modern, complex healthcare systems, particularly outside the primary care setting and in the era of duty 

time restrictions on clinicians1. Providing continuity to patients in healthcare systems today, therefore, 

requires a focus on other areas of continuity, such as informational continuity, geographical continuity 

and interdisciplinary continuity, as shown in Table 2.11.  

Informational continuity Chronologic or longitudinal continuity

- Absence of effective sharing of relevant health records, test results and other 
health information between hospitals

- Encounters at several different hospitals for different health conditions due 
to care centralisation

- Absence of health information sharing between primary (GP) and secondary 
(hospital) care (including medication lists)

- Encounters with several different healthcare professionals over time due to 
care centralisation

- Same EHR system shared between transferring hospitals - Referrals to same hospitals that patients have previously attended

- Empowerment of patients through access to own health information - Avoidance of unnecessary transfers through A&E department

Interpersonal continuity Geographic continuity

- Multiple healthcare professionals encountered between hospitals - Encounters at several hospitals due to care centralisation

- Fragmentation of care providers where patients admitted through accident 
and emergency department, rather that directly to ward

- Referrals by primary care doctors (GPs) to hospitals that do not provide the 
specialist care that the patient requires

- Healthcare professional from transferring hospital travelling with patient 
during transfer to receiving hospital and providing handover

- Referrals to appropriate specialist 'centres of excellence' from primary care 
to avoid unnecessary transitions of care

- Individual healthcare professional forming care relationship with patient

Interdisciplinary or team-based continuity

- Multiple different types of healthcare providers across multiple settings

- Duplicated social and allied health assessments at each hospital due to 
absence of heath data-sharing
- Verbal or written handover between different types of healthcare 
professionals from transferring to receiving hospital
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2.4.2 Implications of this study for healthcare systems and policy makers 

Participants in this study were clearly frustrated that a transfer to a new hospital felt like a completely 

new episode of care with little connection to their stay in the transferring hospital. Although the 

interviewed patients may not have been aware of data being exchanged between providers, it was clear 

that health information, investigations and plans that were put in place at the first hospital were often 

inaccessible to providers at the receiving hospital.  Participants were surprised that the ‘National Health 

Service’ was, in reality, fragmented into individual organisations functioning independently. This is not 

a problem that is unique to the United Kingdom. A large survey study conducted in the USA found that 

there was an absence of care continuity and standardisation of information exchange during 

interhospital transfers, with practices varying widely amongst several hospitals164.  

Improvements to care continuity in an era of complex health ecosystems where patients have their care 

fragmented across multiple settings requires interventions beyond those that can be instituted at the 

healthcare-provider level. System level problems require system-level solutions.  It is clear from this 

study that there is critical need for better data-sharing between hospitals. In particular, hospitals that 

frequently share the care of patients need to be identified and encouraged to improve their ability to 

share health information. Alignment of health record systems with neighbouring hospitals, where 

possible, would produce significant benefits for care continuity when patients move between 

organisations. Clearly there are limitations associated with the sharing of paper records, and where 

electronic records are not in use, this should be encouraged. Better data infrastructure to access test 

results from other hospitals would also be beneficial to overcome some of the burden and cost of test 

duplication between hospitals. This study identified a clear need for robust quantitative work using 

good-quality national data to identify and measure interhospital transitions of care at a national level. 

This could be used to guide the demand for and implementation of better data-sharing infrastructure 

between hospitals. 

2.4.3 Implications of this study for organisations and managers 

Beyond the system-level implications of care centralisation and impaired interhospital data-sharing, 

there are several lessons from this study that could be implemented at an organisational level to improve 

patient’s experiences when moving between hospitals. The coordination of transfers between hospitals 

seemed to vary between hospitals, personnel and individual patients. Some patients had well 

communicated plans to implement upon arrival, while others were seemingly sent to arrive at the 
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receiving hospital accident and emergency department with no apparent communication between teams. 

Better systems to communicate and plan smooth transfers in advance would benefit patients. 

A key driver of poor patient experiences during interhospital transitions of care was the need for some 

patients to pass through the receiving hospital’s accident and emergency department upon arrival. 

Several of the negative experiences relating to comfort, safety and emotional distress related to the 

periods spent in these areas. It was clear from this study that direct ward-ward transfers between 

hospitals were preferred by patients. These also reduced the fragmentation of providers and facilitated 

a more seamless experience. Hospital managers should maintain close communication with providers 

throughout the transfer process to ensure that ward beds are immediately available for transferring 

patients wherever possible.  

The inclusion of family members or carers during transitions of care was preferred by most participants 

in this study. The presence of these supports reduced the emotional distress associated with transfers 

and improved medication safety and communication with care providers across settings. Where 

possible, facilitating the presence of these supports during transfers should be encouraged at all stages 

of interhospital transitions of care.  

Recommendations arising from this study for healthcare systems, organisations, providers and patients 

are shown in a swim lane diagram below (Figure 2.2). This should include direct communication 

between providers, patients and, where appropriate, family and carers. Transfer coordinators based at 

the transferring and receiving hospitals may also have a role in facilitating higher quality and safer 

transfers, and have been proposed in previous studies and transfer guidelines164. The role of transfer 

coordinators may include liaising between providers at both hospitals, arranging transport for patients, 

informing patients and family, and ensuring that accurate medical records are transferred in a timely 

fashion. Transfer coordinators would be particularly valuable in hospitals that frequently transfer or 

receive patients from other hospitals. Later chapters of this thesis seek to identify the hospitals that are 

most frequently involved in interhospital transfers in England.  

2.4.4 Implications of this study for healthcare providers 

There were several lessons for healthcare providers to take away from the participant responses in this 

interview study. Participants highlighted that clear, honest and regular communication with both 

patients and their families and carers was a key facilitator to positive experiences. The example of a 
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healthcare professional from the transferring hospital travelling with the patient to the receiving hospital 

to provide a verbal handover was an exceptionally valuable way for providers to maintain interpersonal 

continuity, although this is likely difficult to deliver with current widespread staff shortages in the 

NHS165.  

In most cases, telephone handover between providers at the level of doctors, nurses, pharmacists, allied 

health and clerical staff could help to coordinate and smooth over the transition of care process for 

patients. Ensuring that the receiving hospital is aware that a patient will be arriving and at roughly what 

time would help to arrange for the required ward beds and treatment on arrival, avoiding the 

unnecessary delays in the accident and emergency department that many participants described. Follow-

up calls from treating clinicians at the transferring hospital, or from the patient’s GP provided 

reassurance and sense of continuity where provided. There should also be a responsibility for healthcare 

providers at both ends of the transfer to try to facilitate direct access to a ward-ward transfer wherever 

possible, to avoid patients having to move through the accident and emergency department.  

Understanding and addressing the challenging emotions experienced by patients during this vulnerable 

time is also important for care providers. Offering comforts like food or water, where appropriate, and 

access to a telephone for patients to contact loved ones is a simple way to improve the experience for 

patients. Providing patients with written or electronic copies of their health records to present to 

providers at the receiving hospital helps with empowerment and a sense of control for patients during 

this complex and difficult time. 

2.4.5 Implications of this study for patients 

Some participants in this study reported feeling disempowered during the transition of care process, 

feeling more like ‘cargo to be transported’ than individuals. The emotions of disempowerment, stress 

and fear identified in this study were consistent with findings from previous qualitative studies 

involving patients transferring between hospitals166,167. Patients reported feeling safer, more 

comfortable and that their experience was more seamless where they were able to regularly 

communicate with healthcare professionals. The inclusion of families and carers was also a support 

mechanism for patients during this difficult time. In the absence of effective data-sharing at an 

organisational or provider level, patients may also be able to assist by providing copies of their own 

health records and medication lists during transitions of care. Helping patients to help themselves could 
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break down the paternalistic obstacles that often exist in healthcare systems and improve these 

experiences for patients.  

2.4.6 Implications of this study for research 

This qualitative study has generated several insights into patient experiences during interhospital 

transitions of care. These have led to several recommendations at system, organisational, provider and 

patient-levels as shown in Figure 2.2. In addition to these recommendations, this research has generated 

several new questions and hypotheses. It would be useful for health policy makers in the UK to 

understand the scale and significance of the interhospital transition of care problems identified in this 

study. Working on a hypothesis that better inter-organisational data-sharing would improve continuity 

of care, quantifying the scale of this problem would assist and guide the allocation of resources to 

improve local and regional data-sharing. On a provider and patient level, this study suggests that better 

patient access to health data, whether in paper or electronic format, would improve the quality, safety 

and experience of interhospital transfers. Further research into systems that facilitate this interaction 

with health data would be beneficial. Consideration of patients that ‘indirectly’ move between hospitals 

with intervening stays at home would also be important to consider, in addition to those that transfer 

directly between them. The research questions and hypothesis raised in this study set the scene for the 

quantitative analyses that comprise subsequent chapters of this thesis.  
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Figure 2.2 – Swim lane diagram showing recommendations from this study for systems, organisations, providers and patients during interhospital transitions of care.
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2.4.7 Strengths and limitations 

This study included 21 participants in semi-structured interviews, generating a large volume of 

qualitative data relating to interhospital transitions of care. This detailed data facilitated an analysis that 

led to eight key themes that were used to provide a framework for recommendations at system, 

organisational, provider and patient levels. The findings from this study therefore have direct relevance 

for the large number of patients, providers, hospital managers and policy makers involved in 

interhospital transitions of care. 

There were both strengths and limitations associated with the methodology used in this study. The use 

of two researchers for interviews, coding and interpretation reduced the influence of bias at many stages 

of the study. 21 participants were interviewed as a representative sample, which is a similar number to 

comparable studies87,168 and adequate to reach attainment of data ‘saturation’.  

An inherent sample bias exists in the identification of participants for the study. This study only 

included patients transferred under surgical teams and to surgical wards. The receiving hospital where 

the interviews were conducted does not admit patients for all surgical specialties, so patients with 

surgical problems not treated at this hospital, for example urological or neurosurgical conditions, were 

not interviewed.  

Only patients able to communicate for the interview were able to be included, precluding some patients 

with disability or communication deficits from participation. Patients that were not conscious during 

their transfer or the interview period were also unable to participate in the study. This group represents 

some of the most unwell surgical patients transferred between hospitals and it would have been valuable 

to obtain perspectives from these patients, or their family or carers, regarding their interhospital 

transfers. Different methodology that included perspectives from providers, family or carers may have 

provided additional insights, however, this was beyond the scope and initial aims of this study. Some 

participants were interviewed more than 1-2 days following their transfer, which may have impacted 

on their recollection of events. 

This study was performed in a single hospital and therefore the experiences of participants at the 

receiving hospital may not be reflected across other organisations. Most care transitions also involved 

hospitals in central London, which may have dissimilarities to transfers in regional areas. This study 

included a broad range of ages, but not paediatric patients.  
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There are some limitations and criticisms associated with the Framework Approach of analysis that was 

used. Although the charting of results using the Framework Approach provides a quantitative 

inclination to the data, any quantification of qualitative data (e.g. 5 out of 14 participants reported x) is 

meaningless, as the research is not designed to be representative of a wider population but rather to 

capture diversity around a phenomenon150. Supporters of other approaches such as Grounded Theory 

may also argue that the Framework Approach is more exposed to researcher bias as it does not follow 

such a stringent inductive, constant comparative process used in other approaches145.  

2.5 Conclusion 

Transitioning between hospitals during the course of an illness is a challenging, frightening and 

disempowering experience for patients. The described study explored the experiences of 21 surgical 

patients through in-depth semi-structured interviews, highlighting key areas for improvement at system, 

organisational, provider and patient levels. Detailed analysis of a large set of responses facilitated the 

identification of themes and recommendations to improve the safety, quality and experience of 

interhospital transitions of care for patients. Improving continuity of care, communication and comfort 

for patients, while reducing delays and risks to patient safety, were some of the main priorities identified 

by patients. These priorities were expanded to form recommendations to ensure that patients themselves 

are not lost in the complex processes that occur during transitions of care between hospitals. There were 

several system and organisational issues that arose during interviews in this study, including current 

problems with data-sharing between hospitals that patients transition between, which often led to delays 

and duplication of tests. There was clearly a large cost associated with these deficiencies, both at a 

personal level for patients, and at an economic level for hospitals and health systems. Further research 

to determine the scale of these problems with interhospital care continuity at a national and system-

level will be important to generate a case for improvement and resource allocation.
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Part 2 – A system set up to fail 

 - Measuring interhospital transitions of care in the NHS in England using big data 

3.1 Introduction 

In modern healthcare systems, patients may move between different hospitals to access the care they 

require99. These ‘interhospital transitions of care’ have become increasingly common as healthcare 

services are centralised40,169–171 and patients are transferred between hospitals for non-clinical reasons, 

such as bed availability97 and patient preference. Although there are well-documented benefits 

associated with access to centralised care and optimised bed flow41,169, the fragmentation associated 

with these transitions of care has important implications for the quality and safety of care. The risks 

associated with interhospital transitions of care are understated in the literature2,131,172,173. As will be 

seen over the following three chapters, complex networks of patient sharing between hospitals in the 

absence of effective data-sharing mechanisms have generated a minefield of potential risk and 

inefficiencies resulting in a system set up to fail. 

 

This part of the thesis follows on from some key issues identified in chapter 2, using quantitative 

research methods to identify and measure interhospital transitions of care at a system level. In this part 

of the thesis, the use of hospital administrative ‘big data’ aims to quantify interhospital transitions of 

care in the NHS in England and measure aspects of these complex processes that could be improved to 

enhance the safety and quality of care received by patients.  

 

As an introduction to Part 2 of this thesis, chapter three provides an overview of interhospital transitions 

of care at a system-level, which is the focus of the following three chapters of the thesis. This chapter 

references previous research in the area and defines key terms that will be used throughout subsequent 

chapters. Data sources that will be used to study transitions of care in this part of the thesis are 

introduced and some of the key advantages and limitations of using administrative data for research are 

discussed. 

 

The original research in this third chapter of the thesis commences with a description of an exploratory 

analysis using routinely collected hospital administrative ‘big data’ to measure interhospital transfers 
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in the NHS in England. Through this research I highlight some of the complexities and limitations of 

the data source and provide a basis for the research described in subsequent chapters.  

3.1.1 Definitions of interhospital transitions of care, interhospital transfers and patient-sharing 

In this thesis, interhospital transitions of care has been used as an umbrella term to describe any 

movement of patients between hospitals, at any time, whether direct or indirect. This definition is 

intentionally broad as it aims to capture all instances where care is fragmented between different 

hospitals. It is this broad view of interhospital transitions of care that is examined in chapters 4, 5 and 

6 of this thesis. 

 

The term direct interhospital transitions of care is used interchangeably with interhospital transfers 

and in this thesis are defined as instances where patients are transferred directly from one hospital to 

another, without an intervening stay outside the hospital setting, as illustrated in Figure 3.1. For 

example, a direct interhospital transition of care occurs when a patient attends an Accident and 

Emergency (A&E) department at their local hospital and is then involved in an ambulance transfer to 

the regional district general hospital for specialist inpatient care. During direct interhospital transitions, 

these two hospital encounters would be described as two separate ‘spells’ of care174. These interhospital 

transfers are the focus of the original research reported in this chapter. 

 

The term indirect interhospital transitions of care is used in this thesis to refer to instances where 

patients have encounters at different hospitals with intervening time away from hospital (Figure 3.1). 

An indirect interhospital transition of care includes all occasions where a patient has an encounter 

(inpatient, outpatient or A&E) at a different hospital within a specified time period. For example, a 

patient attends a gastroenterology outpatient encounter at Hospital A, and then a few weeks later has a 

different outpatient encounter with a specialist rheumatology service at Hospital B. If this patient then 

attended the A&E at Hospital C at a later date within the specified time period, this would constitute a 

third indirect interhospital transition of care. 

 

Patient-sharing is a term frequently used in this thesis to describe the sharing of a patient’s care between 

hospitals or organisations associated with care transitions. Where a patient has encounters in more than 

one setting during a specified time frame, this thesis considers their care as being ‘shared’ between 

those providers, regardless of the existence of any formal care plans or information exchange 
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arrangements. For example, if a patient has healthcare encounters at three different hospitals and a GP 

clinic over the period in question then their care is described as being ‘shared’ between those providers. 

 

 
Figure 3.1 – Depiction of types of interhospital transfers. Direct interhospital transitions of care (above) involve a direct 

transfer between hospitals. These events are associated with a ‘transferring hospital’ (Hospital A) and a ‘receiving hospital’ 

(Hospital B).  Indirect interhospital transitions of care include any instances where patients attend different hospitals with an 

intervening stay at home or other setting (i.e. one or more encounters at both hospitals A and B at any point during the 

specified time period). 

3.1.2 Why do interhospital transitions of care occur? 

3.1.2.1 Reasons for direct interhospital transitions of care 

Direct interhospital transitions of care may occur for several reasons that can be classified three general 

categories; (1) clinical transfers, where there is a need for transfer for clinical reasons and access to 

specialist services, (2) capacity transfer, where there is a need for transfer to access resources that are 

not currently available at the transferring hospital, such as hospital beds, and (3) repatriation97,175. 

 

The benefits of transfers between hospitals include access to appropriate specialist care, improved use 

of available beds and repatriation of patients closer to home and family98. There are, however, also risks 

involved when patients are transferred between hospitals164,176. From a patient safety perspective, these 

transitions of care are important as they may lead to a situation where often complex and critically ill 

patients are subject to variable and ambiguous handover processes177. These patients are therefore 

vulnerable to failures in care that can lead to error and adverse events5,21. Previous research has 

suggested that adverse events occur in up to 30% of interhospital transfers176. 
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3.1.2.2 Reasons for indirect interhospital transitions of care 

Patients may have indirect encounters with multiple hospitals for several reasons including: a) access 

to specialist care provided at different hospitals; b) patient referral to different hospitals, c) emergency 

attendances to different hospitals, d) changes of residence, e) health issues while travelling or away 

from a local hospital and f) patient preference178. Whether intended or unintended, the interhospital 

transitions of care associated with these situations result in fragmented care which, in the absence of 

effective exchange of information between hospitals, can expose patients to adverse events.  

3.1.3 Why it is important to study interhospital transitions of care? 

Previous studies have shown that patients involved in transitions of care between hospitals are exposed 

to a high risk of adverse events164,176 and have worse outcomes, including a longer length of stay and 

higher inpatient mortality, despite adjusting for mortality risk predictors92,179. The management of 

interhospital transitions of care also influence patient’s experience of the healthcare system, as outlined 

in the second chapter of this thesis and previous published literature166,167.  

 

Reviewing the available data relating to interhospital transfers and defining the current ‘state-of-play’ 

at a system level may provide a timely opportunity to better understand and improve these important 

clinical processes. For example, by identifying hospitals in the NHS that most frequently transfer 

patients in or out, or the pairs of hospitals that patients most frequently transfer between, interventions 

to improve these processes can be targeted to where they are most needed. At a local hospital trust level, 

an accurate understanding of where patients come from when transferred in to or out from that hospital 

can facilitate better communication between those hospitals, development of transfer pathways, and 

coordination of transfers.  

3.1.4 Aims 

This research project aimed to determine if Hospital Episode Statistics (HES) data could be used to 

accurately identify and measure interhospital transfers in the NHS in England. I aimed to use these data 

to report on interhospital transfers at national, regional and local-levels and to identify trends in the 

frequency and distribution of interhospital transfers, including differences between regional and urban 

areas. This work aimed to input these data into a digital dashboard that could be used as a tool for policy 

makers and managers to better understand and visualise transfers between hospitals in England and use 

this to improve transition of care processes.  
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3.1.5 Objectives of this study 

This work reported in this chapter sought to measure several outcomes to guide improvements to the 

safety and quality of interhospital transitions of care. Specific objectives of this research included: 

 

• To explore HES data to determine if this could be used to accurately identify and measure 

interhospital transfers between acute hospitals in the NHS in England 

• To measure interhospital transfers over a four-year HES data period to determine the frequency 

of transfers at a national, regional and local level 

• To identify hospital trusts in the NHS in England that most frequently transfer patients out to 

other hospitals 

• To identify the hospital trusts in the NHS in England that most frequently receive transfers 

from other hospitals 

• To identify the pairs of hospitals that patients most frequently transferred between 

• To develop a visual representation of transfer networks across the NHS in England at national, 

regional and local levels 

• To develop an interactive dashboard including interhospital transfers at national, regional and 

local levels 

• To present this research to policy makers and managers to guide targeted interventions to 

improve the safety and quality of interhospital transfers in the NHS in England 

3.1.6 Description of data sources used in this research 

3.1.6.1 Introduction to Hospital Episode Statistics 

Empirical research included in the three chapters in part 2 of this thesis is predominantly based on the 

use of Hospital Episode Statistics (HES). HES data are administered by NHS Digital, which is the 

trading name of the Health and Social Care Information Centre (HSCIC). HES data are initially 

collected from patient encounters with hospitals in the NHS as part of the Commissioning Data Set 

(CDS). Data is then processed by NHS Digital and returned to healthcare providers as the Secondary 

Uses Services (SUS) data set180. This includes payment-related information for activity undertaken by 

hospitals, allowing hospitals to be paid for the care they deliver180. HES is described as an administrative 

dataset and is often referred to as a ‘big data’ source given the volume, variety and veracity of the data, 
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and the velocity with which it is generated125. This data was not initially designed for research purposes, 

which is reflected in the complexity in its use in traditional research. 

 

The HSCIC describes HES as an ‘invaluable national resource that is envied around the world’. HES 

has underpinned tens of thousands of clinical audits and research studies, which have led to 

demonstrable improvements in patient care181. The origins of Hospital Episode Statistics can be traced 

back to the 1980s, during which the need for national hospital activity data to guide service planning in 

the NHS was identified by a Department of Health working group182. HES was implemented in 1987 

and, by 1990, had achieved national coverage127. Since 2005, the HES Admitted Patient Care (APC) 

dataset has served as the basis for the Payment By Results system of secondary reimbursement in the 

NHS in England127.  

 

HES data is well suited to healthcare research and service evaluation due to the longitudinal data 

available and universal coverage in the NHS in England127. It is estimated that 98 to 99 percent of 

hospital activity in England is funded by the NHS and therefore captured in HES183. HES are structured 

according to financial years which is conducive to year-on-year comparisons both within and between 

organisations. HES therefore provide targets for service improvement and metrics to measure 

outcomes184,185.  

3.1.6.2 Production pipeline of HES data 

HES data are derived from hospital-level coding of patient illnesses and procedures. For the HES 

Admitted Patient Care (APC) dataset, for example, this coding is generally produced from information 

provided in the patient discharge summary that relates to the finished consultant episode (FCE)186. 

Coders in each hospital enter information from the discharge summary into a local electronic patient 

information database127. Diagnoses are coded using the International Classification of Disease (ICD-

10) and each FCE can have up to 20 ICD-10 codes, with one primary diagnosis and several 

comorbidities127. 

 

Data are extracted from the local hospital databases monthly to the Secondary User Service (SUS) data 

warehouse stored by NHS Digital127. These data are used to guide hospital reimbursement and, 

following basic data checks, cleaning, pseudonymisation with unique patient IDs and the adding of 

geographic fields are released as an annual HES dataset at the end of every financial year. At the end 
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of each financial year, trusts are able to make a further submission to HES for that year as an ‘Annual 

Refresh’. After this process is completed, a provisional extract is made available for review by hospitals 

and, once confirmed by the trust, this is published as a finalised HES dataset that is made available for 

distribution127.  

3.1.6.3 Description of HES datasets used in this thesis 

Chapters in this part of the thesis use the HES Admitted Patient Care (APC) dataset, HES Outpatient 

dataset and HES Accident & Emergency (A&E) dataset from several extracts between 2011 to 2018. 

This chapter (chapter 3) uses HES APC and A&E data from 2011 to 2015. Chapter 5 uses HES APC, 

A&E and outpatient data from this same period. Chapters 4 and 6, which were undertaken following 

application and receipt of a more recent HES update, use HES APC, A&E and outpatient datasets from 

2017 to 2018. A unique patient identifier that is consistent across each HES dataset and each year allows 

datasets to be merged to examine patient encounters across all three types of acute hospital services 

over one or more years of HES data. 

3.1.6.4 HES Admitted Patient Care dataset 

The HES Admitted Patient Care (APC) dataset, which is used in the research for this chapter and chapter 

four of this thesis, are collected on all admissions to NHS hospitals in England. It also includes data on 

patients admitted to independent hospitals, when that care is paid for by the NHS127. For the purposes 

of HES APC data, and this study, a hospital admission is defined as any secondary care activity that 

requires a bed. This includes emergency and elective care, day surgery and maternity-related inpatient 

services127. 

 

There are 270 variables available in the core HES APC dataset. These data cover clinical, demographic 

and organisational information relating to each FCE included127. HES includes hospital data on 

diagnoses, procedures, dates of admission and discharge, operations, method of admission (emergency 

or planned), the specialty under which the patient was admitted and a consultant pseudonym. At a 

patient-level, HES also includes geographic details and socioeconomic status for each small-area based 

indicator, usually Lower Layer Super Output Areas (LSOA). These geographic details are used 

extensively in chapter 4 of this thesis.  
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In raw HES APC datasets, each row of data represents a ‘Finished Consultant Episode’ (FCE). An FCE 

represents a continuous period of care under one consultant, with a specified start and end date. A 

hospital admission, which may contain multiple FCEs, is referred to as a ‘spell’ which is defined as an 

uninterrupted inpatient stay at one hospital127. In this part of the thesis, it is these hospital spells that are 

referred to when considering hospital admissions. 

3.1.6.5 HES Accident and Emergency dataset 

HES A&E data contains records of patient care administered in the Accident and Emergency setting in 

England187. NHS Digital releases and annual provider-level analysis that includes over 18 million 

detailed records per year of ‘attendances’ at major A&E departments, single specialty A&E 

departments, minor injury units and walk-in centres in  England188. A&E data includes limited details 

on patient attendances such as date and time of attendance, referral source, waiting times, A&E 

diagnosis, A&E investigations A&E treatment, outcome of the A&E attendance. Unlike HES APC data, 

A&E diagnoses are not ICD-10 coded187. These data are used by NHS England to monitor standards, 

including the proportion of patients at each hospital that wait no longer than 4 hours from arrival to 

A&E disposition187. 

3.1.6.6 HES Outpatient dataset 

HES outpatient data includes records of outpatient appointments occurring in hospitals in the NHS in 

England180. For each outpatient appointment, data includes information on the type of outpatient 

consultations, the date of the consultation, the consultation specialty, the provider, the referral source, 

the consultation waiting time, clinical diagnoses (ICD-10 coded), any procedures performed during the 

consultation and whether the appointment was attended or not188,189. As with HES APC and HES A&E 

data, outpatient data is pseudonymised at the patient level, although some patient level data such as age 

and gender are included189.  

3.1.6.7 Access to and use of HES data 

The Health and Social Care Act 2012 and Care Act 2014 set guidelines through which the Health and 

Social Care Information Centre (now referred to as NHS Digital) act as the custodians of NHS data can 

release Hospital Episode Statistics190,191. According to these acts, HES data can only be shared for the 

purposes of the provision of health care or adult social care, or the promotion of health, and cannot be 

used for ‘solely commercial purposes’190. Patient-level HES data can be accessed for valid purposes in 
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a pseudonymised format, with identifying fields, including name, address and date of birth removed191. 

HES data applications are scrutinised by a semi-independent committee (IGARD) on behalf of NHS 

Digital. HES data is only able to be accessed for research purposes via the NHS Digital Data Access 

Request Service (DARS). Following institutional ethics approval, the data used in this part of the thesis 

was accessed via an application through DARS and payment of associated fees. An initial tranche of 

data from the 2011/2012, 2012/2013, 2013/2014 and 2014/2015 financial years, extending from April 

1st, 2011 to March 31st, 2015 was successfully applied for in 2017. This data was used in the studies 

reported in this chapter (chapter 3) and chapter 5. A further application for data from the 2015/2016, 

2016/2017 and 2017/2018 financial years was applied for in 2018 and used in chapters 4 and 6 of this 

thesis. The interhospital transfer analyses reported in this chapter were not updated using the more 

recent 2015-2018 data due to the identified data and methodological limitations outlined later in this 

chapter. 

3.1.7 Data storage 

Due to the sensitive nature of patient-level HES data, storage of the data used in this research on a 

secure server was a prerequisite for successful application through NHS Digital. To ensure the data 

storage requirements were met, all data used in this research was stored on and processed through the 

Imperial College Big Data and Analytical Unit (BDAU), based in the Department of Surgery and 

Cancer at Imperial College London. The BDAU provides a fully certified ISO 27001:2013 research 

environment which is 100% compliant with the NHS Information Governance Toolkit Level 3 

(EE133887)192. 

3.2 Methods 

3.2.1 Study design 

The research reported in this chapter followed a retrospective observational study design using hospital 

administrative data. 

3.2.2 Setting 

The setting for this study was acute hospital-level care in the NHS in England, including inpatient, and 

A&E services. In the NHS in England, acute hospital trusts are defined as those providing acute and 

emergency care to patients193. Acute trusts include general hospitals and teaching hospitals attached to 
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universities and regional or national specialised care centres. In the NHS in England, acute trusts 

provide most of the care for patients outside a primary care setting. Acute ambulance trusts were not 

included in this study. 

 

In this study, interhospital transitions of care were conducted at a hospital-trust level using each acute 

trust’s unique 3-digit HES provider-level code (PROCODE3). HES data coding limitations were 

present at a hospital site-specific level (PROCODE5), as many trusts did not generate or report 

individual site or hospital-level data. For example, all patients with encounters at the multi-site Imperial 

College Healthcare NHS Trust (ICHNT) had their encounters recorded against the 3-digit PROCODE3 

(RYJ), but not against the PROCODE5 hospital-site level code. This restricted our patient-level analysis 

to hospital trusts rather than individual hospital sites within trusts. Transitions of care between hospitals 

within the same trust were therefore not included in analyses in this study. Similarly, the coding of 

private hospital admissions is highly variable and often generalised to the organisation providing the 

care, rather than the specific organisation site. These cases were therefore of limited value in 

interpreting interhospital transfers and were not included in this analysis. 

3.2.3 Participants 

All adult patients that had inpatient or A&E encounters with acute hospital trusts in the NHS in England 

over the defined study periods were included as participants in this study. 

3.2.4 Outcomes 

The primary outcome in this study was the number of direct interhospital transfers between acute 

hospital trusts in the NHS in England in the four-year period from 1st April 2011 to 31st March 2015. 

 

Secondary outcomes included in this study were the number of inward and outward interhospital 

transfers associated with acute hospital trusts and the pairs of hospital trusts that patients were most 

frequently transferred between over the four-year study period. The spatial distribution of intrahospital 

transfers between included trusts in the NHS in England was also examined as a secondary outcome. 

3.2.5 Procedure 
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3.2.5.1 Data Transfer from NHS Digital 

The 2011-2015 tranche of HES APC, and A&E data that was used in this study was transferred from 

NHS digital to the secure BDAU server based within the Department of Surgery and Cancer at Imperial 

College. Data relevant to the included acute trusts was extracted and cleaned using Python (Python 

Software Foundation)194. 

3.2.5.2 Data Processing 

Data processing was conducted on the secure BDAU server using Python. A stepwise procedure was 

undertaken to identify and measure interhospital transitions of care in the NHS in England over the 

specified time period, as outlined below.  

3.2.5.3 Identifying interhospital transfers from HES  

In this chapter, identification of interhospital transfers using the HES APC and A&E datasets were 

planned around guidance on the identification of hospital transfers using HES data provided through 

the Health and Social Care Information Centre (HSCIC) (NHS Digital)195. In 2014 the HSCIC published 

guidance on identifying hospital transfers from HES APC data extracts using a combination of three 

existing data fields; method of admission (ADMIMETH), source of admission (ADMISORC) and 

destination on discharge (DISDEST)195. The specific provider that a patient is transferred to or from is 

not included in HES coding, nor is the reason for transfer, for example, whether it was an ‘up transfer’ 

for specialist care or a ‘down transfer’ for a repatriation. These codes simply indicate what the method 

or source of admission is or generic destination type on discharge (i.e. that a patient was transferred to 

another unspecified hospital provider). A detailed summary of the HES APC codes relevant to transfers 

for each of these three data fields is included in Appendix 4. 

 

The first step in identifying interhospital transfers from the HES APC dataset was to determine all 

instances where and admission was coded as beginning or ending with an interhospital transfer. 

Interhospital transfers were identified using the following codes: 

 

DISDEST (destination on discharge) 

• 19 = The usual place of residence, including no fixed abode 

• 48 = High security psychiatric hospital, Scotland (from 1999-2000) 
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• 49 = NHS other hospital provider – high security psychiatric accommodation 

• 50 = NHS other hospital provider – medium secure unit (from 1999-2000) 

• 51 = NHS other hospital provider – ward for general patients or the younger physically disabled 

• 52 = NHS other hospital provider – ward for maternity patients or neonates 

• 53 = NHS other hospital provider – ward for patients who are mentally ill or have learning 

disabilities 

• 84 = Non-NHS run hospital – medium secure unit (from 2003-2004) 

 

ADMISORC (source of admission) 

• 19 = The usual place of residence, including no fixed abode 

• 49 = NHS other hospital provider – high security psychiatric accommodation in an NHS 

hospital provider (NHS trust) 

• 50 = NHS other hospital provider: medium secure unit (1999-00 to 2006-07) 

• 51 = NHS other hospital provider: ward for general patients or the younger physically disabled 

or A&E department 

• 52 = NHS other hospital provider: ward for maternity patients or neonates 

• 53 = NHS other hospital provider: NHS other hospital provider: ward for patients who are 

mentally ill or have learning disabilities 

• 87 = Non-NHS run hospital 

 

ADMIMETH (method of admission) 

• 21 = Emergency: via Accident and Emergency (A&E) services, including the casualty 

department of the provider 

• 2B = Transfer of an admitted patient from another hospital provider in an emergency 

• 81 = Transfer of any admitted patient from another hospital provider other than in an 

emergency; this does not include admissions to high security psychiatric hospitals (HSPH) 

 

Interhospital transfers from A&E departments where patients had not been admitted to the transferring 

hospital were identified using the AEATTENDDISP (A&E attendance disposal) data field196 from the 

2011-2015 HES A&E datasets. The relevant code “7” within this data field refers to “transferred to 

other healthcare provider”. There is no data field pertaining to the source or method of admission to an 

A&E department held in the A&E HES dataset197 so this was not able to be used to identify transfers 
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from another hospital into an A&E where that patient was not subsequently admitted and picked up as 

an inbound transfer through the HES APC dataset. 

3.2.5.4 Identification of data limitations through matching cases 

Matching reported hospital transfers out of one provider with transfers into another was considered to 

be a critical step in accurately measuring the key outcomes in this study for three reasons; a) to ensure 

that the reporting of each interhospital transfer was accurate (to minimise the effects of coding errors 

and omissions), b) to identify which providers these transfers involved (i.e. what the transferring and 

receiving hospital trusts were), and c) to facilitate mapping and further analysis of the spatial 

distribution of hospital transfers in the NHS in England. 

 

As described, HES coding for inpatient admissions includes codes relating to both the source and nature 

of an admission, and also to the destination on discharge. It would be expected that if the administrative 

coding for a hospital transfers was accurate at both ends of the transfer, coding pertaining to destination 

on discharge from a transferring hospital would be matched with coding for the source of admission at 

a receiving hospital on the same day. In reality, this was not reliably the case. As detailed in the results 

section of this chapter, there was a large discrepancy between DISDEST and AEATTENDDISP codes 

for discharge or disposal to another hospital and ADMISORC codes suggesting that the patient had 

been transferred in from another hospital.  The ADMISORC ‘inends’ were coded twice as frequently 

as the DISDEST and AEATTENDDISP ‘outends’. The discrepancy between ‘inends’ and ‘outends’ 

that is discussed above and quantified in the results section below suggested that there were 

considerable coding omissions related to the data fields under interrogation at the organisational level.  

 

Interrogation of matched cases also revealed instances where the transferring and receiving hospital 

trust providers were the same, indicating that these episodes listed as ‘transfers’ were either transfers 

between sites within the same trust, or coding errors. All such cases were removed from further analysis. 

There was a further exclusion of a small number of cases where the transfer out and transfer in were 

coded as being more than 2 days apart, or the date of the receiving admission 

(ADMISORC/ADMIMETH) was coded as being before the transfer (DISDEST/AEATTENDDISP) 

indicating that these were unlikely to be genuine direct intrahospital transfers.  
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These discrepancies and organisational-level coding errors indicates that it is likely that interhospital 

transfers are underestimated using the hospital transfer identification methods proposed by the HSCIC 

and employed in this study. 

3.2.5.5 Managing data limitations 

Although the likely omissions in hospital transfer coding limits confidence in the exact numbers of 

interhospital transfers at a national and provider level, it was felt that there was still value in exploring 

the available data and addressing some of the secondary outcome measures related to this research. 

 

For analyses of trends in hospital trust-level transfers, inward and outward transfers identified from the 

identified matched cases of interhospital transfer were used. 

3.2.5.6 Mapping the spatial distribution of interhospital transfers in the NHS in England 

Using the available data from the remaining matched cases of hospital transfers over the four-year study 

period, included interhospital transfers were mapped at a national level using hospital trust coordinates 

which were able to be visualised on a map of England using Tableau (Tableau Software)198. Tableau is 

a widely used data visualisation software package that is available for use under an academic license. 

Where acute hospital trusts covered multiple sites, the hospital site with the largest number of inpatient 

beds was used as that trust’s location. 

3.2.6 Development of an interactive digital dashboard 

Using an interactive Tableau dashboard, these data were able to be interrogated at any level from 

national hospital transfers to interhospital transfers to and from an individual trust. Visualisations from 

this package were captured and presented in the results section. 

3.2.7 Statistical methods  

As this work was exploratory and descriptive, simple descriptive methods were used to display and 

compare transfers between hospital trusts. 

3.2.8 Reporting of findings 

Throughout Part 2 of this thesis, which includes retrospective observational studies reported in chapters 

3, 4, 5 and 6, all studies are reported using the STROBE statement guidelines for reporting on 
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observational research199. STROBE (acronym for STrengthening the Reporting of Observational 

studies in Epidemiology) is an international collaborative initiative of epidemiologists, methodologists, 

statisticians, researchers and journal editors involved in the conduct and dissemination of observational 

studies199. STROBE guidelines aim to ensure consistency in reporting epidemiological observational 

studies. 

3.2.9 Data and ethical approval 

Local ethical approval for this study was provided through the Imperial College Research Ethics 

Committee (ICREC) (17IC4178). The 2011-2015 financial year Hospital Episode Statistics data used 

in this project was approved by NHS Digital (DARS-NIC-67398-K2Y3T-v2.9). All HES data used in 

this study is available on request from NHS Digital. Individual patient-level consent was not required 

as patient-level data was anonymised. 

3.3 Results 

3.3.1 Participants and admissions 

Over the four-year study period from 2011-2015, 17,761,216 unique adult patients were involved in a 

total of 57,704,324 admissions at 164 included acute hospital trusts in the NHS in England. 

3.3.2 Total interhospital transfers  

Of the 57,704,324 inpatient admissions over the four-year period, 673,313 (1.17%) were associated 

with a discharge code consistent with transfer to another hospital, while 1,428,163 (2.25%) admissions 

had an admission source or admission method consistent with transfer from another hospital. Four 

hundred and twenty thousand, one hundred and ninety three (62.4%) of the 673,313 ‘outends’ were not 

matched with a corresponding ‘inend’, and 1,193,043 (83.5%) of the ‘inends’ were not matched with a 

corresponding ‘outend’. 

 

Following the case matching procedures outlined above, only 235,120 instances of interhospital 

transfers where patients were coded as being discharged to another provider, with admissions where 

that same patient was being received from another provider within 2 days, were identified. These 

235,120 transfers, which were associated with a confirmed transferring and receiving hospital, were 

taken forward as the ‘total’ number of interhospital transfers over the four-year study period. This result 
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does, however, need to be considered with an understanding that the true number of interhospital 

transfers in the NHS in England over the study period is certain to be higher than this. These 235,120 

cases were included for further analysis of the secondary outcomes. 

3.3.3 Trust-level interhospital transfers 

3.3.3.1 Inward transfers 

Using the 235,120 matched cases, the NHS England hospital trusts that most frequently received 

‘inward transfers’ were identified. Table 3.1 shows the ten included hospital trusts associated with the 

highest frequency of inward transfers during the four-year study period. At a national level, The 

Newcastle Upon Tyne Hospitals NHS Foundation Trust received the highest number of included 

inbound interhospital transfers with 10,179, equating to 2,545 transfers per year and 7 inward transfers 

per day. Nine of these ten hospital trusts listed in Table 3.1 were large metropolitan teaching hospitals 

or large district general hospitals. Royal Brompton and Harefield NHS Foundation Trust is a specialist 

centre for the treatment of heart and lung diseases. This tertiary/quaternary referral centre received 6846 

of the matched interhospital transfers over the four-year period, equating to an average of 1,712 

transfers per year and 5 inward transfers per day. 

 

As outlined in the previous section, interpretation of the total transfer numbers should be considered 

with caution due to aforementioned coding limitations. It is likely that the actual interhospital transfer 

volumes are higher than the matched interhospital transfers reported. It is possible that these coding 

errors and omissions are not distributed equally between trusts and there may be institutional coding 

deficiencies that bias results between individual trusts. 

 

 
Table 3.1 - Frequency of matched interhospital transfers between 1st April 2011 and 31st March 2015 for the ten acute hospital 

trusts in the NHS in England receiving the highest frequency of inward transfers from other acute hospital trusts. 

Acute Hospital Trust Number of inward transfers
The Newcastle Upon Tyne Hospitals NHS Foundation Trust 10179
St George’s Healthcare NHS Trust 7408
Sheffield Teaching Hospitals NHS Foundation Trust 6985
Mid Essex Hospital Services NHS Trust 6939
Royal Brompton and Harefield NHS Foundation Trust 6846
University College London Hospitals NHS Foundation Trust 6590
Oxford University Hospitals NHS Trust 6128
Guy’s and St Thomas’ NHS Foundation Trust 5566
Barts Health NHS Trust 5540
Leeds Teaching Hospitals NHS Trust 5262
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Figure 3.2 illustrates matched inward transfer frequencies for the 50 included hospital trusts that most 

frequently received transfers, with a partitioning of transfers for each receiving trust according to the 

originating trusts for those transfers. Although referring trusts were not labelled in this figure, the pairs 

of trusts that patients were most frequently transferred between is shown in Table 3.3. Figure 3.2 

illustrates how trusts based in regional cities (such as the Newcastle Upon Tyne Hospitals NHS 

Foundation Trust and Nottingham University Hospitals NHS Trust) tended to receive transfers from a 

smaller number of trusts than those based in larger metropolitan areas, where there is a higher spatial 

density of hospitals and, in many cases, more care centralisation. 

 

 
Figure 3.2 - Histogram showing inward interhospital transfer frequencies for the 50 hospital trusts receiving the most 

interhospital transfers between 1st April 2011 and 31st March 2015. 

Figure 3.3 provides a spatial representation of all included interhospital transfers (edges) between 

included acute hospital trusts in England (nodes) from the perspective of inward transfers. In this figure, 

edges and nodes are weighted with the size of the node indicating the volume of matched inward 

transfers received and the size of the edge indicating the volume of interhospital transfers from that 

transferring trust over the four-year study period. Colour of edge reflects the transferring (origin) 

hospital of those interhospital transfers. Due to the complexity of these transfer networks at some trusts, 

multiple-coloured nodes are used to discriminate between transfer pathways where trusts are connected 

to other trusts using those same colours. 
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Figure 3.3 – A screenshot from an interactive Tableau workbook illustrating the spatial distribution of included inward 

transfers into acute hospital trusts in the NHS in England over the study period between 1st April 2011 and 31st March 2015. 

Nodes correspond to hospital trusts and edges to interhospital transfers. The size of the node indicates the number of inward 

transfers received by that hospital trust, with the size of the edge quantifying the number of transfers between those two trusts. 

At a trust-level, Figure 3.4 illustrates examples of the frequencies of inward transfers into two hospital 

trusts, Imperial College Healthcare NHS Foundation Trust (ICHNT) (left) and Barts Health NHS Trust 

(right). There were eight trusts that transferred more than 100 of the included patients to ICHNT and 

ten trusts that transferred over 100 patients to Barts Health NHS Trust over the study period. The 

majority of transfers to Barts Health NHS Trust were received from two nearby trusts: Barking, 

Havering and Redbridge University NHS Trust and Homerton University Hospital NHS Foundation 

Trust. There was a regional distribution of trusts transferring patients into these two example trusts, 

with ICHNT receiving the majority of transferred patients from hospitals in North-West London and 

Barts Health NHS Trust receiving patients from North East London, as shown in Figure 3.5. 
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Figure 3.4 - Example inward transfer counts over the study period between 1st April 2011 and 31st March 2015 for Imperial 

College Healthcare NHS Foundation Trust (left) and Barts Health NHS Trust (right). Transferring hospital trusts are shown 

along the x-axis and frequencies of transfers from each trust are shown on the y-axis.  

  
Figure 3.5 - Example inward transfer maps for Imperial College Healthcare NHS Foundation Trust (left) and Barts Health 

NHS Trust (right). Size of the node at transferring hospital corresponds to the proportion of transfers from that hospital trust. 

3.3.3.2 Outward Transfers 

Of the 235,120 matched cases identified, the hospital trusts that most frequently transferred patients to 

other trusts during the study period are shown in Table 3.2 and Figure 3.6. This study identified over 

5000 matched outward transfers during this period from two trusts: Leeds Teaching Hospitals NHS 

Trust and Northumbria Healthcare Foundation Trust. The ten hospital trusts associated with the highest 

frequency of outward transfers comprised an equal spread of large district general hospitals and large 

metropolitan hospitals. This likely reflected both the high frequency of up-transfers to other large, 

nearby specialist centres and down-transfers from these trusts to repatriate patients to smaller hospitals 

or secondary care level centres. Figure 3.6 illustrates the outward transfer frequencies for the 50 

hospitals that most frequently transferred patients out to other hospital trusts over the four-year study 

period. 
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Table 3.2- Number of matched interhospital transfers between 1st April 2011 and 31st March 2015 for the ten acute hospital 

trusts in the NHS in England with the highest frequency of outward transfers to other acute hospital trusts. 

 

 
Figure 3.6 - Outward transfer histogram including 50 hospitals with the highest frequency of transfers to other hospitals. 

 

Figure 3.7 shows a Tableau workbook screenshot illustrating the spatial distribution of outward 

transfers from included hospital trusts in the NHS in England. Weighted nodes indicate the volume of 

outward interhospital transfers from each included trust, and weighted edges indicate the volume of 

transfers between each pair of trusts over the four-year study period. Due to the complexity of these 

transfer networks at some trusts, multiple-coloured nodes are used to discriminate between transfer 

pathways where trusts are connected to other trusts using those same colours. 

 

 

Acute Hospital Trust Number of outward transfers
Leeds Teaching Hospitals NHS Trust 5247
Northumbria Healthcare Foundation Trust 5179
University College London Hospitals NHS Foundation Trust 4160
St George’s Healthcare NHS Trust 4100
Barking, Havering and Redbridge University Hospitals NHS Trust 3994
Salford Royal NHS Foundation Trust 3868
County Durham and Darlington NHS Foundation Trust 3629
Sheffield Teaching Hospitals NHS Foundation Trust 3572
Royal Devon and Exeter NHS Foundation Trust 3444
The Newcastle Upon Tyne Hospitals NHS Foundation Trust 3433
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Figure 3.7 - The spatial distribution of included outward transfers to acute hospital trusts in the NHS in England over the 

study period between 1st April 2011 and 31st March 2015. The size of nodes corresponds to volume of outward transfers from 

hospital trusts and edges to volume of interhospital transfers between those trusts. 

3.3.3.3 Most common interhospital transfer pathways 

The most common interhospital transfer patterns from the 235,120 matched interhospital transfer cases 

were identified. The ten most common pathways for interhospital transfers are shown in Table 3.3. 

There were 5069 interhospital transfers from Northumbria Healthcare NHS Trust to The Newcastle 

Upon Tyne Hospitals NHS Foundation Trust identified. There were 2004 identified transfers in the 

opposite direction, from Newcastle Upon Tyne Hospitals NHS Foundation Trust to Northumbria 

Healthcare NHS Trust. The second most frequent interhospital transfer pathway identified was between 

Royal Devon and Exeter NHS Foundation Trust and Northern Devon Healthcare NHS Trust (2767 

transfers). The majority of the ten pairs of hospitals that patients were most frequently transferred 

between were in cities or regional areas where two relatively large hospitals existed in close proximity. 

Due to the aforementioned coding deficiencies noted in the reporting of interhospital transfers in HES, 

it is possible that these frequencies are biased by discrepancies in the accuracy of reporting transfers 

between individual trusts. 
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Table 3.3 - The ten pairs of hospital trusts that patients most frequently transferred between in the NHS in England during the 

four-year study period and the number of transfers between these included pairs of hospitals.  

3.4 Discussion 

After an introduction to intrahospital transitions of care and the data sources used in part 2 of this thesis, 

this study sought to identify and measure interhospital transfers, an important and understudied 

transition of care process in healthcare systems. At a national level in the NHS in England, the frequency 

and distribution of interhospital transfers had not previously been investigated. The analysis presented 

in this chapter sought to use hospital administrative big data to accurately measure and report on these 

care transitions. This analysis was limited by the accuracy of coding admission sources and discharge 

destinations in HES data. What was likely to be only a fraction of total interhospital transfers in the 

NHS in England during the study period were able to be identified. Despite this, there were some 

valuable insights and implications extracted from the data. The coding limitations that were identified 

in this chapter encouraged further research in this thesis to pivot away from direct interhospital transfers 

and to focus more generally on interhospital transitions of care that were more reliably able to be 

identified from the available data. 

3.4.1 Comparison with previous studies 

Although several studies have examined interhospital transfers in the UK in the setting of particular 

patient cohorts96,176, no previous published studies using NHS England data had sought to identify the 

frequency or distribution of all interhospital transfers at a national level. 

3.4.2 Key findings of this study 

Transferring hospital Receiving Hospital No. 
transfers

Northumbria Healthcare NHS Trust The Newcastle Upon Tyne Hospitals NHS Foundation Trust 5069

Royal Devon and Exeter NHS Foundation Trust Northern Devon Healthcare NHS Trust 2767

The Royal Bournemouth and Christchurch Hospitals NHS 
Foundation Trust

Poole Hospital NHS Foundation Trust 2576

Poole Hospital NHS Foundation Trust
The Royal Bournemouth and Christchurch Hospitals NHS 
Foundation Trust

2124

Northern Lincolnshire and Goole Hospital NHS Foundation Trust Hull and East Yorkshire Hospitals NHS Trust 2091

The Newcastle Upon Tyne Hospitals NHS Foundation Trust Northumbria Healthcare NHS Trust 2004

Basildon and Thurrock University Hospitals NHS Foundation Trust Mid Essex Hospital Services NHS Trust 1940

Sherwood Forest Hospitals NHS Foundation Trust Nottingham University Hospitals NHS Trust 1827

Barnsley Hospital NHS Foundation Trust Sheffield Teaching Hospitals NHS Foundation Trust 1797

County Durham and Darlington NHS Foundation Trust South Tees Hospitals NHS Foundation Trust 1755
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The most relevant finding of this study was that direct interhospital transfers in the NHS in England are 

not reliably able to be identified and measured using Hospital Episode Statistics due to incomplete and 

inaccurate coding of the relevant HES data fields. Although HES is a reliable source of data pertaining 

to when and where patients have encounters with NHS hospitals in England127, more detailed data 

relating to these encounters, including the source and disposition, was not consistently coded. Over the 

four years of data considered in this study, 235,120 interhospital transfers were appropriately coded at 

both the transferring and receiving hospitals and could be ‘matched’ at both ends of the transfer. The 

finding that there were 673,313 encounters associated with a discharge code consistent with transfer to 

another hospital and 1,428,163 encounters with a coded admission method consistent with transfer from 

another hospital, the number of matched interhospital transfers is likely to significantly underestimate 

the total number of interhospital transfers that occurred during this period. The primary outcome of this 

study, the total number of direct interhospital transfers over the four-year study period, was therefore 

not able to be determined within a high degree of confidence. The 235,120 matched interhospital 

transfers identified were taken forward for further analysis to determine if there were any trends in the 

data indicative of possible transfer patterns around the country and to illustrate the potential uses for 

and value in more accurate coding of interhospital transfers. 

 

Secondary outcomes in this study included the number of inward and outward interhospital transfers 

associated with acute hospital trusts and the pairs of hospital trusts that patients were most frequently 

transferred between over the four-year study period. As with the primary outcome, the frequencies of 

transfers associated with individual trusts were not able to be reported with a high degree of confidence. 

It is not possible to determine if the deficiencies on coding interhospital transfers were consistent across 

the country, or if some trusts were more reliable with coding interhospital transfers. This exposes a 

potential bias in the reported findings of transfers between hospitals due to discrepancies in coding 

between individual trusts. The spatial distribution of intrahospital transfers between included trusts in 

the NHS in England was also examined as a secondary outcome and illustrated in figures included in 

the results section. As with the other primary and secondary outcomes considered, the accuracy of these 

findings was limited by the deficiencies in coding of the relevant HES data fields. 

 

Although interpretation of results was limited by data quality, this research has suggested some trends 

in transfer patterns through analysis of the 235,130 matched interhospital transfer cases. Analysis of 

these matched cases suggested that the most common interhospital transfer pathways occur where there 
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are a small number of large hospitals in close proximity, such as between Northumbria Healthcare NHS 

Trust and The Newcastle Upon Tyne Hospitals NHS Foundation Trust and between Royal Devon and 

Exeter NHS Foundation Trust and Northern Devon Healthcare NHS Trust. As shown in Table 3.1, 

hospitals associated with a high number of inward transfers, such as The Newcastle Upon Tyne 

Hospitals NHS Foundation Trust, St George’s Healthcare NHS Trust, Sheffield Teaching Hospitals 

NHS Foundation Trust and Mid Essex Hospital Services NHS Trust, tend to be large district general or 

teaching hospitals providing a broad range of specialised care services. Trusts based in regional cities, 

such as the Newcastle Upon Tyne Hospitals NHS Foundation Trust and Nottingham University 

Hospitals NHS Trust tended to receive transfers from a smaller number of trusts than those based in 

larger metropolitan areas, where there is a higher spatial density of hospitals and, in many cases, more 

care centralisation. In areas where large hospitals exist in close proximity, it is common for those 

hospitals to share subspecialty services, as exists frequently in London and other parts of the 

UK39,169,171170. Where this occurs, patients presenting to one hospital that does not offer subspecialty 

care in a particular condition may be transferred to another hospital or trust. This is reflected in the data, 

as seen in figures 3.3, 3.5 and 3.7, where local care networks involving interhospital transfers can be 

visualised across England.  

 

Hospitals that have large numbers of patients being transferred in should have well organised transfer-

admission processes, as discussed in more detail later in this report.  This research also highlighted the 

potential for identification of real-world local interhospital transfer networks using HES data (as 

illustrated in the national transfer patterns shown in Figure 3.3 and Figure 3.7 and examples of inward 

transfers to ICHNT and Bart’s Health NHS shown in Figure 3.5). Identification of these networks has 

value in auditing and improving local transfer networks at a trust and regional level. 

 

Using the limited matched-case data available, interactive dashboards using Tableau software were 

developed to display the findings from this study. These dashboards show the potential value for policy 

makers and trust managers to understand interhospital transfers at a national, regional and local level at 

the click of a button. Although the current utility of these dashboards is limited by the quality of that 

data input into them, there is scope to update and expand these if data quality related to interhospital 

transfers improves. These potential use of these dashboards in the context of interhospital transitions of 

care was presented to the NHS Improvement Provider Policy Team in 2019, as discussed in more detail 

below.  
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3.4.3 Limitations 

3.4.3.1 Limitations of HES coding accuracy identified in this study 

In a perfect world of coding, each time a patient is discharged from one hospital via a transfer to another 

hospital, or admitted to a receiving hospital following a transfer, these events would be recorded 

accurately as transfers. When this project was conceived and a protocol was written, there was an 

assumption that the coding of admission sources, methods and discharge destinations would accurately 

reflect the movement of patients between hospital trusts – this was not the case. As highlighted earlier 

in this report, deficiencies in coding of the relevant HES data fields for this research were significant 

and impacted on the reporting of outcomes.  

 

The coding deficiencies identified in the research have occurred at the hospital trust data-entry level. 

As discussed above, following completion of a Finished Consultant Episode (PCE) and discharge of a 

patient from hospital, discharge summaries from that admission are forwarded to the hospital’s clinical 

coding department, where they are entered onto a local information database which forms the HES data 

for each hospital127. Clinical coders involved in this process are expected to undergo nationally 

accredited training programmes and follow standardised rules for translating discharge summary 

information into clinical codes200. It is apparent that the codes relevant to interhospital transfers from 

the included HES APC datasets (ADMISORC, ADMIMETH, DISDEST) and A&E datasets 

(AEATTENDDISP) are not reliably coded, limiting the value of these codes in research and service 

improvement at a trust, regional and national level. 

 

Issues with the accuracy of HES coding are not limited to the data fields used in this study. Deficiencies 

in coding in other areas of HES, including diagnoses and comorbidities, are well described in the 

literature and are a limitation of research using HES127. Variation in coding practices between hospitals 

are also well-reported in the literature201,202. Reports on HES data coding, including the 2010 report 

Improving Data Quality in the NHS by the Audit Commission have suggested coding errors across HES 

in the range of 11-16%, with variation in error rate between trusts ranging from 1-30%202. There is a 

general consensus in the literature and relevant reports that wider clinician involvement in coding and 

better training of clinical coders would improve the accuracy of HES records203.  
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3.4.3.2 Reflection on data limitations 

After a significant amount of planning and work was put into the analysis of interhospital transfers 

using HES data, it was discouraging to identify that this research work was fundamentally limited by 

incomplete or poorly coded data. As this is an area that has not previously been studied at the national 

level and the methods were novel, there was no indication that the data quality would be so limiting 

prior to generation of the preliminary results. In the context of this thesis, this was an early lesson in 

the limitations of big data being used for secondary purposes. There was an inherent risk in these data 

being incomplete or erroneous as it was not specifically generated for the purpose of this study. The 

findings are, however, important in acting as cautionary report for other researchers hoping to use HES 

data to accurately examine interhospital transfers. 

 

The research included in this chapter was undertaken in earlier stages of my PhD research, where access 

was only available to HES data from 2011 to 2015. Later HES research work, including that presented 

in thesis chapters four and six, were conducted using a second tranche of HES data from 2015 to 2018, 

following a successful application to NHS Digital for an expanded dataset. Due to the complexity of 

re-coding these data to repeat this study, and the observation that there had been no interval changes to 

the coding of interhospital transfers in acute NHS hospitals, this study was not expanded to cover this 

additional tranche of data. Furthermore, due to the inconsistent coding as described, any year-on-year 

changes in interhospital trends were not likely to be reliably measured, so an expansion of the dataset 

for this study was not felt to be of significant value. 

 

The data deficiencies identified in this study helped to shape the remaining chapters of this thesis. The 

difficulties in using this data highlighted limitations of HES data and channelled my research work on 

more reliable aspects of the data. It was clear that, by its nature, HES was very accurate at reporting 

that a patient had an encounter at a particular trust on a particular date, even if the more granular data 

associated with that encounter was less reliable. Subsequent chapters therefore used these more general 

location and date datapoints from HES to simply identify and measure patient encounters, rather than 

what happened during those encounters or how they commenced or ended. Where more detailed disease 

or disposition data was required, alternative data sources were introduced, such as in chapter 6, where 

National Emergency Laparotomy Audit (NELA) data was used following an analysis of encounters 

using HES data.  
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3.4.4 Implications for practice and policy 

This study has shown that interhospital transfers are not able to be accurately quantified at a national 

level due to deficiencies in the coding of HES data. There is no alternative data source available at a 

national level that has universal coverage across NHS hospitals in England. This has important 

implications for practice and policy relating to intrahospital transfers as it limits opportunities to define 

the scale of these transfers and measure the impact of interventions to improve them - ‘we can only be 

sure to improve what we can actually measure’51. Accurately identifying which hospitals are net 

transferring hospitals and which hospitals are net receiving hospitals, would allow identification of 

hospitals that need to focus resources on their transferring out procedures or receiving of patients from 

other hospitals. This has implications for policies such as Integrated Care Systems (ICSs), which are a 

key part of the NHS long-term plan204,205. ICSs are partnerships between commissioners and providers 

of NHS services across geographical areas to collectively plan and integrate care to meet the needs of 

their populations. These ICSs have grown out of sustainability and transformation partnerships (STPs), 

which are local partnerships that were formed in 2016 to develop regional long-term health and social 

care plans205. ICSs aim to catalyse a fundamental shift in the way the health and care system are 

organised. The success of systems like ICSs, however, depends on a good understanding of regional 

service distribution and care provision to plan and audit interventions. If the frequency and distribution 

of important care processes such as interhospital transfers cannot be accurately measured, this has 

important implications that need to be addressed.  

 

More so than with indirect interhospital transitions of care, the patient safety risks associated with direct 

interhospital transitions of care are well-recognised and have prompted the development of several NHS 

guidelines and policies that aim to improve the coordination and execution of interhospital transfers97. 

At a regional and national level in the NHS in England, interhospital transfer guidelines have generally 

been focussed on specific patient groups and the formalisation of hospital network structures97,175,206. 

Some regions may have generalised policies or guidelines for all patient transfers between its 

constituent providers175,207 and others may have disease or specialty-specific transfer guidelines, for 

example, in the setting of trauma. Many regions will have a combination of general and disease-specific 

transfer guidelines. Some aspects of these guidelines reflect general handover and transfer principles175, 

whilst others have specific recommendations tailored to that particular region208. Regional differences 

in transfer guidelines may reflect geospatial distribution of providers, service factors or historical 

influences. Patient transfer destinations may be selected by pre-existing organisational practices or other 
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non-patient-centred organisational priorities209. Although there may be benefits in having standardised 

recommendations for some service processes (such as that seen in the WHO surgical safety checklist210 

or intrahospital handovers79,211), other processes may require more thorough consideration of regional 

factors. An understanding of the scale and distribution of regional interhospital transfers is an important 

aspect of guideline development in this setting. 

 

At a hospital trust-level, many hospitals are likely to have predictable patterns of patient transfers 

between them, reflecting the services provided by each hospital and the maturity of care centralisation 

within that area19,98. In some local areas, providers may have developed established interhospital 

transfer networks as is seen in trauma care in London and in ‘critical care networks’ in the North of 

England97,208. In other areas, there may be little consistency in the transfer related activity of networks 

with some having no functional network at all175. Awareness and therefore the use of defined transfer 

networks by clinicians and hospital managers may be variable96. Examples of regional differences in 

interhospital transfer guidelines can be seen in a comparison between providers based in London207 and 

those based in Northern England97. One region is a metropolitan centre characterised by multiple closely 

located specialised service providers, the other a vast region with a small number of district general 

hospitals. Although some common principles are shared, there are aspects of interhospital transition of 

care processes that will, necessarily, differ. To be able to better measure and understand how, when and 

why these interhospital transfers occur at national, regional and local levels, the accuracy in coding of 

HES data in relation to the codes used in this study (ADMISORC, ADMIMETH, DISDEST, 

AEATTENDDISP) needs to be addressed. Quantifying interhospital transfers would allow guidelines 

and policies to be applied in a targeted fashion to where they are most needed, so the findings from this 

study should encourage improved coding of these processes in HES. 

3.4.5 Implications for patient safety and experience 

In England, both attendances at Accident and Emergency departments and admissions for emergency 

care are increasing212. From 2003/4 to 2015/16 the number of A&E attendances increased by 18 per 

cent. Emergency admissions to hospital increased by 65 percent, from 2.5 to 4.1 million between 2003/4 

to 2015/16212. As care becomes more centralised, many of these encounters will result in interhospital 

transfers.  This places a large demand on services related to transfers, including accident and emergency 

departments and ambulance services. In the setting of limited increases in healthcare funding, increased 
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pressures at the coalface of clinical care are therefore exacerbating the strain on existing clinical 

processes and increasing the risk of adverse events for patients. 

 

Interhospital transfers are known to expose patients to medical error and adverse events due to several 

factors including delays, medication error and deficits in communication92,93,176. The previous chapter 

in this thesis highlighted the importance of good communication and coordination between hospitals 

during interhospital transfers on patient experiences. Systems that promote effective and efficient 

communication between sending and receiving hospitals should be developed in the context of 

understanding the frequency of transfers between relevant hospitals. Communication between hospitals 

that patients move between broadly fits into three categories; (1) patient-controlled information 

exchange (i.e. patients describe or provide records of their medical history and current problems when 

attending a different hospital); (2) General Practitioner (GP) correspondence (i.e. referral letters and 

patient information including data from encounters at other hospitals); (3) direct hospital-to-hospital 

information exchange (i.e. hospitals share medical records between them or via an intermediary data 

exchange platform). Approaches to the use of these different systems is highly variable between 

patients, providers, hospitals and regions213,214. For example, in North West London, the Whole Systems 

Integrated Care dashboards provide a linked, integrated summary of patient’s health and social care 

which can be used to case find and case manage patients with complex needs and those that need more 

targeted and proactive care215. These systems have not been rolled out at a national level. Existing 

deficiencies in data sharing between hospitals in the setting of interhospital transfer has important 

implications for patient safety and patient experience that should also be understood in the context of 

accurately quantified interhospital transfers. Subsequent chapters of this thesis focus more specifically 

on data sharing between hospitals in this setting. 

 

Reflecting on the patient experiences of interhospital transfers highlighted in the previous chapter in 

this thesis, patients appropriately expect interhospital transfers to be well coordinated and safe. Their 

experience of these transfers depends on the smooth delivery of well-organised interhospital transfer 

pathways. The previous chapter identified that, where possible, patients want to be admitted straight to 

the ward following interhospital transfer. With this in mind, hospitals that are identified as net receivers 

of patients should have well organised pathways and processes to ensure uninterrupted admissions to 

the ward for patients transferred in. Individual hospital trusts should be aware of the numbers of patients 

that they are receiving through interhospital transfers and this should be observable in a regional context 
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to ensure that any changes to transfer policies can be accurately audited. Using HES data for this process 

should provide an accurate and nationally standardised approach which is not possible given the 

identified data limitations.  

3.4.6 Implications for research 

In the absence of any suitable alternative data sources to identify interhospital transfers at a national 

level, this research has shown that quantification of interhospital transfers in the NHS in England is 

dependent on the more accurate coding of these processes in HES. If these coding deficiencies persist, 

future research into the frequency and distribution of interhospital transfers, and outcomes related to 

these at a national level will be limited. In the context of this thesis, the identified limitations in data 

have necessitated a pivot away from more in-depth analyses of interhospital transfers at a national level 

in the NHS in England. 

 

This research identified over 200,000 transfers between acute hospitals in England. Although these 

matched transfers are not comprehensive, they still have potentially useful research and service 

improvement applications. Trends in interhospital transfers relating to specific disease patterns may 

have value in understanding and improving clinical pathways in some areas. Studying transfer patterns 

for patients with acute conditions requiring timely access to treatment may identify opportunities to 

improve transfer speed or reduce the number of unnecessary transfers by ensuring patients attend the 

appropriate hospital at presentation. For example, many patients with acute coronary syndromes and 

cerebrovascular accidents (including strokes) may initially present or be taken to hospitals without the 

facilities to offer them gold standard treatments, and this may lead to interhospital transfers and delays. 

Data from the 235,130 matched interhospital transfer could be used to quantify some of these problems 

in the NHS in England and identify hospitals involved in potential transfer delays. Furthermore, this 

data could be linked to other HES data fields and used to study outcomes of patients that underwent 

interhospital transfers, although this may be limited by selection bias due to the limited sample of 

overall transfers. Although this thesis focussed on other areas of interhospital transitions of care in 

subsequent chapters, the research group working on this project has canvassed further projects using 

these matched interhospital transfer cases.  

3.4.7 Dissemination of this research 
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Dissemination of the findings from this research was important, in particular the implications of HES 

coding deficiencies on accurately measuring interhospital transfers. In May 2019, I presented this work 

to the NHS Improvement Provider Policy team at Wellington House in London. This one-hour 

presentation covered the background to this research on interhospital transitions of care, the potential 

value of this work, the implications of coding limitations and some of the findings from other chapters 

of this thesis. The Provider Policy team took recommendations from this research to subsequent 

discussions with hospital trusts and NHS digital to push for improvements on coding interhospital 

transfers in HES. 

3.4.8 Conclusion 

This chapter has provided an introduction to the interhospital transitions of care considered in this part 

of the thesis, and an overview of the data sources and approaches used. An initial analysis that aimed 

to identify and measure interhospital transfers in the NHS in England was reported. This showed 

deficiencies in the coding of HES data relevant to interhospital transitions of care that prevented 

accurate reporting of the frequency and distribution of these processes in the England. Using the 

available matched interhospital transfers that were identified, analyses demonstrated the potential value 

in this research if input data were improved. Trends, such as a high number of transfers in areas where 

care is centralised between two or more hospitals, were identified, in addition to differences between 

regional areas and urban areas where there is a higher spatial density of hospitals. 

 

This research highlighted that using big data to identify and measure interhospital transitions of care is 

dependent on the quality of the data analysed. The findings from this research project emphasised the 

importance of data interrogation and ensuring that big data sources were suitable for use for the intended 

purpose. Equipped with an improved understanding of the data, analyses included in subsequent 

chapters of this thesis were based on HES data fields that were inherently more accurate and complete. 

 

The research presented in this chapter further confirmed that movement of patients between hospitals 

in the NHS in England is common. The previous chapter of this thesis showed that patients accept that 

having their care shared between multiple hospitals allows them to access specialist care at different 

locations.  For these common interhospital transitions of care to be safe and for high quality care to be 

maintained throughout the care continuum, the sharing of patient information between settings, 
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hospitals and care providers clearly needs to be efficient and effective. The next chapter in this thesis 

investigates data sharing between hospitals in the NHS in the setting of interhospital transitions of care. 

 

  



 

 124 

 - The distribution of health record systems in NHS England and implications for 
data sharing 

4.1 Introduction 

Many patients experience a healthcare journey fragmented between multiple primary, secondary and 

tertiary care settings2,43,154,216. In the NHS in England, as in many healthcare systems around the world, 

traditional ‘bricks and mortar’ generalist hospitals have given way to a more dynamic and complex 

health ecosystem217. Patients interviewed in the study reported in chapter two of this thesis raised 

concerns about the personal impact of care fragmentation and highlighted the burden of having to repeat 

their story every time they transition between settings, teams, or providers. For clinicians, making 

informed and safe decisions for patients negotiating these complex healthcare systems requires right 

information about the right patient in the right place at the right time. However, contemporaneous, 

accurate patient information is often not available when it is required. At a service level, this results in 

ineffective care, duplication of tests and medical errors218.  

 

In the era of information technology, efficient data transfer is increasingly an expectation of service 

consumers. The ‘information technology revolution’ that has disrupted several industries, such as 

banking and travel, has yet to be fully envisioned in healthcare. In the context of the NHS in England, 

this fourth chapter first outlines why the ‘information technology revolution’ has been slow to realise. 

The role of electronic health records (EHRs) in this story is summarised, with reference to several 

programs that have aimed to improve interoperability between health records in England. This chapter 

then reports the use and distribution of health record systems in acute hospitals in England, as identified 

through a national survey. Results from this survey are then combined with administrative ‘big data’ to 

measure transitions of care between different types of health record systems. Findings from these 

analyses provide guidance for recommendations on data sharing and interoperability in the NHS in 

England. 

4.1.1 The potential of electronic health records to improve health information exchange  

For over a decade, the development and use of EHRs has been suggested as a key solution to the rising 

demands on healthcare systems219. EHR systems are digital, longitudinal records of a patient’s health 

and health care that have a capacity to be shared by different providers220. Compared with paper records, 

which have been the mainstay of medical record keeping for centuries, electronic records have several 

potential advantages221, some of which are listed in Table 4.1. 
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Table 4.1 - Potential benefits of Electronic Health Records over paper records. 

The primary care sector in the UK was an early adopter of EHR technology and has had an impressive 

history of embracing EHRs, with general practice clinics almost completely digital by the mid 2000’s100. 

EHR adoption at the level of secondary and tertiary care in the UK has been far more protracted and 

tumultuous220. Realising the potential benefits of EHRs to the quality and cost of healthcare, many 

governments, including in the UK, have provided sizable incentives to encourage EHR usage220,222–224. 

In England, there have been several key reviews and policies to either mandate or encourage the uptake 

of electronic health records225. A blossoming healthcare IT and EHR industry has led to a huge range 

of competing EHR vendors and systems for provider organisations to consider. Furthermore, many 

organisations and systems have developed their own in-house EHR systems226. 

4.1.2 The remnants of legacy EHR systems 

In the 1990s and 2000s, several early EHR systems were developed for use in hospitals. These original 

systems principally aimed to assist with administrative, coding and billing requirements227. Features 

such as healthcare provider usability and interoperability with other EHR systems were neither a 

consumer nor developer priority. As the penetrance and size of EHR systems expanded and evolved in 

the UK and internationally, the limitations of these legacy frameworks contributed to health services 

characterised by closed data systems and siloed data stores227. Data held within EHR systems often used 

different standards and structures, complicating inter-organisational interoperability. In the early 2000’s 

in the UK, it was recognised that significant changes were required to improve the interoperability of 

EHR systems and maximise the potential of these systems to improve the quality and safety of care. 

4.1.3 Key initiatives and reports aimed at improving data sharing in NHS England 

Potential benefits of Electronic Heath Records

Improved access to patient records to coordinate patient care

Access to up-to-date patient records at the point of care

Safer medication prescribing

Legible, complete documentation

Capacity for data back-up

Streamlined coding and billing

Improved capacity to share records with other providers

Multiple providers can use records at the same time
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For healthcare systems, including NHS England, to capitalise on the potential of digital technology to 

improve data sharing, two key phases of progress are often quoted; an initial phase focussed on the 

digitalisation of care records and a second phase to connect all of the information within and between 

records222. There have been several key policy and industry initiatives aimed at encouraging data 

sharing undertaken over the past two decades. To understand the conditions that have led to the current 

distribution of EHRs in NHS England, the work in this chapter commenced with a review of several of 

these key initiatives. A summary timeline referencing several of the key reports and initiatives relating 

to data sharing in the NHS is shown in Figure 4.1. This is followed below by a short summary of several 

of the components included in the timeline, which provides a necessary background to the empirical 

research reported in this chapter. 

 
Figure 4.1 - Timeline of several key initiatives and reports between 2002-2020 aimed at planning and improving health record 

interoperability in the NHS. 

4.1.3.1 The National Program for Information Technology  

Launched in 2002, the National Program for Information Technology (NPfIT) was an ambitious attempt 

to reform the way that NHS England uses information228. NPfIT was a government driven, top-down, 

national implementation of software technology220. This program aimed to implement centrally-

procured EHR software applications in all 168 acute hospitals and 73 mental health trusts by 2010220. 

Software was implemented in five geographical clusters, connected to a national database, the NHS 

Spine. This program also included the introduction of Summary Care Records (SCRs), with medication, 

allergy and adverse reaction information that could be used during emergency or unscheduled care229. 

Deemed ‘the world’s largest civil IT programme’, NPfIT required enormous resources and was 

estimated to have had a final cost of more than £11 billion 230220. Afflicted by several problems relating 

to cost and timeline overruns, management issues and poor end-user involvement, the program was 

officially dismantled in 2011230. In the book The Blunders of Our Governments, the authors reflected 

on NPfIT as “the veritable RMS Titanic of IT disasters”231. 
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Since the end of the National Programme for IT (NPfIT) in 2011, individual NHS organisations have 

had autonomy to tender for and establish individual contracts with EHR providers. There have been 

both advantages and drawbacks associated with a more decentralised approach. Individual trusts have 

possessed flexibility to determine and procure the software that best suits their needs. In the absence of 

regional coordination, however, decentralisation of EHR system procurement has resulted in barriers 

to data sharing due to limited interoperability between individual systems. Fragmented patient 

information has led to fragmented care between systems that do not ‘talk to each other’178. 

 

Local and regional attempts to plug some of the gaps left by the NPfIT through  ongoing use of SCRs 

or care information exchanges (CIEs) have had some success, although these are often limited to 

transfers of summary patient information with limited data granularity232. Better coordinated, more 

complex software mechanisms are required to facilitate true semantic interoperability between existing 

digital record repositories. 

4.1.3.2 Care.data  

In 2013, the national care.data program was developed in an attempt to better link patient information 

between primary, secondary and social care settings. This programme was administered through the 

Health and Social Care Information Centre (HSCIC), which aimed to extract data from primary care 

clinics into a central database for sharing across settings and organisations233. In 2016, the care.data 

program was cancelled due to issues related to widespread patient and provider concerns regarding data 

security and insufficient patient engagement which culminated in reviews by the National Data 

Guardian, Dame Fiona Caldicott and the Care Quality Commission (CQC) 234. In 2014, during the time 

care.data was being rolled out, responsibility for a national strategy for patient data sharing was assumed 

by the National Information Board (NIB), an organisation made up of 29 organisations across the health 

and care system235. 

4.1.3.3 NHS Five Year Forward View and Personalised Health and Care 2020 

The NHS Five Year Forward View was a report produced in 2014 by key organisations that oversee 

health and social care including the Care Quality Commission (CQC), Public Health England and NHS 

Improvement236. This document set out a shared vision for the future of the NHS, including 

improvements in the digitalisation of services. Specifically, this document outlined an aim to achieve 
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‘fully interoperable electronic health records so that patient’s records are largely paperless.’ 

Furthermore, it set out an aim for ‘patients to have full access to these records and be able to write into 

them’237. In 2014, the NIB published its’ seminal document Personalised Health and Care 2020 which 

outlines the organisation’s objectives for improving communication across the health and care sector238. 

This document proposed that ‘patient and care records will be digital, real-time and interoperable by 

2020.’ 239. The calls for digital, interoperable records in Personalised Health and Care 2020 and for a 

‘truly digital NHS’ in the Five Year Forward View have not yet been realised. Despite significant 

progress in making the NHS paperless, there are still several trusts that do not have their patient notes 

in a digital format100 and ongoing barriers to interoperability persist. 

4.1.3.4 TechUK Interoperability Charter and The Newcastle Declaration 

The TechUK Interoperability Charter was developed in 2015. This charter differs from previous 

interoperability pledges in that it represents a commitment by software suppliers, rather than service 

providers, to adhere to five principles relating to interoperability240. Also in 2015, The Newcastle 

Declaration was jointly developed by clinical information leaders, including several Chief Clinical 

Information Officers from several trusts within the NHS during a ‘CCIO Summer School’ in 

Newcastle241. This was a call to improve interoperability and better join up care. Five interoperability 

principles were identified by this group covering several aspects of information sharing. Both the 

TechUK Interoperability Charter and the Newcastle Declaration promote collaboration in the use of 

interfaces and message standards that enable patient information to be shared between systems. 

4.1.3.5 Making IT Work 

In 2015, a review of IT in the NHS was commissioned by the National Advisory Group on Health 

Information Technology in England. This led to the 2016 publication Making IT Work: Harnessing the 

Power of Health Information Technology to Improve Care in England. This review, chaired by Robert 

Wachter, outlined 10 findings and 10 recommendations to improve the use of information technology 

in NHS England. This included a more measured aim toward digitalisation of secondary care records, 

with an expectation that all trusts should have reached a high degree of digital maturity by 2023100. It 

further emphasised the need to work towards ensuring that interoperability was a core characteristic of 

the NHS digital ecosystem100. It recommended that ‘the system, standards and interfaces should enable 

a mixed ecosystem of IT providers to flourish, with the goal of promoting innovation and avoiding 

having any one vendor dominate the market’100. Current interoperability between competing EHR 
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systems in England is limited by technical and non-technical factors. A 2018 NHS Interoperability 

report by KLAS research noted that ‘interoperability’ in England is often limited to ingesting results or 

transferring data between the same GP EHR providers242.  

4.1.3.6 Local Digital Roadmaps 

More recently, regional and local approaches to interoperability have been an increasing policy focus. 

In 2016 the Local Digital Roadmaps program was launched to promote regional digital collaboration 

and data sharing243. This NHS program required local commissioners, providers and social care partners 

to organise themselves into Local Digital Roadmap Footprints. Sixty-five footprints were published in 

January 2017 and constituent Clinical Commissioning Groups (CCG) continue to work with NHS 

regional teams to support the ongoing development of their Local Digital Roadmaps243. The CCGs and 

hospital trusts that comprise each Local Digital Roadmap Footprint are based on proximity and existing 

regional care networks243.  

4.1.3.7 Global Digital Exemplars 

In 2016, the Global Digital Exemplar (GDE) program was also developed to create a group of NHS 

organisations to act as reference sites for digitalisation. Global Digital Exemplar trusts were selected as 

‘internationally recognised NHS providers delivering exceptional care and efficiency through the use 

of world-class digital technology and information’244. GDEs were also encouraged to partner with Fast 

Follower organisations to extend digital solutions to other trusts. When the program was released, each 

GDE was planned to receive up to £10 million to spend on digital projects245. The first twelve GDEs 

were announced in 2016246 and, as of July 2018 there were 16 acute exemplar organisations, 18 ‘fast 

followers’, three ambulance exemplars and seven mental health exemplars246.  

4.1.3.8 Local Health and Care Record Exemplars 

Further to the Local Digital Roadmaps and GDE programs, the Local Health and Care Record Exemplar 

(LHCRE) initiative was established in 2018, with a more specific focus on local data sharing between 

organisations. This program aims to recruit ‘exemplar’ organisations that receive ‘targeted investment 

to deliver truly integrated health and care services in their area’247. Each exemplar organisation is 

expected to generate and adhere to an information governance framework, demonstrate meaningful and 

ongoing engagement with the public and work with other exemplar sites and national bodies to co-

create a set of standards that will be used for all Local Health and Care Records247.  



 

 130 

4.1.3.9 The Topol Review 

The Topol Review: Preparing the Healthcare Workforce to Deliver the Digital Future, was an 

independent report commissioned by the Secretary of State for Health and Social Care as part of the 

draft health and care Workforce Strategy for England to 2027248. This report was led by Eric Topol, a 

well-known cardiologist, geneticist and digital medicine researcher based in the USA. The review 

makes recommendations to enable the NHS to make the most of innovative technologies including 

digital medicine. This report emphasises the need for the NHS to complete the digitisation of health 

records and build in connectivity to facilitate the potential benefits of other digital technologies, such 

as artificial intelligence. It highlights that the benefits of technologies such as wearable sensors and 

lifestyle apps will not be fully realised until electronic health record integration is improved248. 

4.1.3.10 External data-sharing infrastructure 

Despite a current widespread absence of effective health record system interoperability, data sharing 

remains indispensable to the provision of safe and quality care as patients transition between hospitals. 

In response, most service providers have evolved external ‘workaround’ solutions to share required data 

with other hospitals. These systems range from simple on-demand faxing or emailing of scanned 

records, to more advanced regional data-sharing software solutions249. Several local and regional 

information sharing initiatives around the country have been designed and delivered independently of 

one other. Despite the practical benefits of these solutions, absence of coordination or common 

standards between these initiatives risks developing new information silos for patients moving between 

these areas18. 

 

In North West London, a Care Information Exchange (CIE) uses an open platform with Application 

Programming Interfaces (API) to enable sharing of some health records from hospitals and GP practices 

in the area and making aspects of these records accessible for patients250. APIs enable one software 

program to access the data of another. This acts as a bridge between software applications and allows 

the flow of data regardless of how each software component was designed. Data standards, such as the 

Fast Healthcare Interoperability Resource (FHIR) data standard, provide a standardised structure for 

healthcare that facilitates the aggregation and merging of data from separate data sources. 

 

Another example of data-sharing infrastructure external to EHR systems, ‘Connecting Care’, is an 

integrated digital care record that combines some records from primary care, hospitals and social care 
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in Bristol, North Somerset and South Gloucestershire251. Data-sharing between healthcare organisations 

that use the same EHR system remains more achievable than those that use different systems and there 

are some promising early examples of local and regional alignment of EHR systems in England100,252.  

4.1.4 Summary of interoperability initiatives in the NHS 

The convoluted interplay of policy and technology changes over the last two decades has resulted in a 

complex ecosystem of patient health records and data sharing infrastructure in the NHS in 

England100,230,236,239. Although limited interoperability is often referenced as a problem in the literature, 

its extent has been difficult to quantify253–255. Several active policies and programs are attempting to 

better link up records at both a regional and national level243,247 but numerous challenges remain100. 

Many patients still have their records fragmented between multiple systems that are unable to 

effectively share patient information. The burden of health information gathering and transfer still often 

falls to general practitioners, care coordinators and patients themselves. The development of Local 

Digital Roadmaps, Local Health Care Record Exemplars and Global Digital Exemplars represents a 

shift in data-sharing policy from previous ‘top-down’ approaches to interoperability. Community-level 

approaches to EHR deployment and delivery may provide more stakeholder control, however this 

decentralisation raises new risks, such as the development of regional data silos. Additional issues 

associated with more widespread data-sharing, including confidentiality and cybersecurity threats, are 

also important considerations. 

 

There are intrinsic patient-sharing ecosystems embedded within the fabric of modern health systems. 

Understanding the networks of patient transitions of care between providers within these systems should 

underlie initiatives to improve data sharing. Overlaying the distribution of existing record systems with 

empiric data on patient movement between healthcare organisations could provide a valuable tool to 

guide better data-sharing where it is most needed. 

4.1.5 Aims of research 

This study initially aimed to identify the frequency of use and spatial distribution of health record 

systems in acute NHS hospitals in England. Combining these data with hospital administrative data, it 

then aimed to quantify transitions of care between hospital trusts and health record systems at a national 

level, and in the three most populous cities in the UK. In doing so, this study sought to identify some 

of the key barriers and facilitators to data sharing between acute hospitals in the NHS in England. 
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4.1.6 Objectives 

The main objectives of the research reported in this chapter were: 

 

- To review key policy initiatives that have aimed to improve data sharing between hospitals in 

the NHS in England. 

- To identify the types of health record systems in use in acute NHS hospitals in England. 

- To survey and measure the frequency of use of different types of health records in acute NHS 

hospitals in England, including paper and electronic health records. 

- To use routinely collected hospital administrative ‘big data’ to measure the frequency of patient 

transitions of care between hospitals and health record systems in the NHS in England. 

- To identify and measure regional differences in the frequency of patient transitions of care 

between hospitals, including within the three most populous cities in the UK. 

- To identify pairs of hospitals that patients most frequently transition between. 

- To determine if the hospitals that patients most frequently transition between use the same type 

of health record systems. 

- To identify existing barriers and facilitators to data sharing between hospitals in England. 

- To review the impact and success of key policy initiatives aimed at improving data sharing 

between hospitals in England. 

- To explore the role of digital technologies to improve data sharing between hospitals. 

- To provide evidence-based recommendations to improve data sharing between hospitals at a 

national, regional and local level using hospital administrative ‘big data’. 

- To disseminate lessons from the English experience of interhospital data-sharing and health 

record system interoperability to policy makers, managers and providers in the UK and abroad. 

4.2 Methods 

4.2.1 Study design 

This was a retrospective observational study using publicly available health organisation information 

and Hospital Episode Statistics (HES). 

4.2.2 Participants 
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There were two levels of participants in this study; acute hospital organisations (trusts) in the NHS in 

England and the patients that attended these organisations.  

 

We included organisations listed by NHS England as acute trusts193 in November 2018. Acute trusts are 

defined by NHS England, and in this study, as those providing acute and emergency care to patients193. 

This includes inpatient, outpatient and accident and emergency (A&E) care. Trusts often provide 

hospital services in one or more hospital sites administered by that organisation256. Acute trusts include 

several types of organisations including regional or national specialised care centres, general hospitals 

and teaching hospitals attached to universities. These trusts are most relevant to the problem of acute 

care inter-organisational data sharing as they provide most of the care for patients outside a primary 

care, or general practice setting. Acute ambulance trusts were excluded from this study. Organisational 

change during the study period due to closure, merging or separation of providers were managed by 

treating those organisations as a single provider across the whole period. 

 

For patient-level analyses, we included Hospital Episode Statistics (HES) data for all patients that had 

inpatient, outpatient or accident and emergency (A&E) encounters at acute-care hospitals in NHS 

England between April 2017 and March 2018. Patients that had recorded encounters with two or more 

hospital trusts in England within the one-year duration of the study were included for primary analyses 

relating to transitions of care. 

4.2.2.1 Participants included in subgroup analysis 

A subgroup analysis was conducted to measure patient transitions of care between hospitals and health 

record systems within the three most populous cities in the United Kingdom (UK); Greater London, the 

West Midlands and Greater Manchester. Greater London is the UK’s most populous Built Up Area with 

approximately 9 million people dispersed between 33 local authority areas257. The West Midlands Built 

Up Area, including the city of Birmingham, is England’s second most populous conurbation with a 

population of over 2.8 million. The Greater Manchester conurbation has a population of over 2.6 million 

people258. Patients were included in the subgroup analysis if they resided in the Built Up Areas (BUA) 

corresponding to these cities, as defined in the 2011 Census of the United Kingdom259. 

4.2.3 Setting 

The study setting was NHS England hospital-level acute care.  
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4.2.4 Outcomes 

The primary outcomes assessed in this study were the frequency and spatial distribution of patient 

encounters with different health record systems used in acute hospital trusts in the NHS in England. 

 

Secondary outcomes included the frequency of use and spatial distribution of health record systems in 

acute hospital trusts, the frequency of transitions of care between hospitals over a one-year period at a 

national and city-level, the correlation of EHR systems with designated regional groups (Local Digital 

Roadmap Footprints). 

4.2.5 Research hypothesis 

The primary research hypothesis for this study was that many NHS patients in England attend multiple 

acute hospital trusts that use different health record systems, representing a significant barrier to 

effective and efficient inter-organisational exchange of health information. We hypothesised that health 

record systems are fragmented across NHS England acute hospital trusts. The research hypothesis for 

the subgroup analysis of patients living in cities was that these patients are more likely to attend multiple 

acute hospital trusts and have their health records fragmented between more than one health record 

system. 

4.2.6 Data sources 

No comprehensive list of health record system usage for each trust in the NHS in England was available 

prior to this study. Therefore, manual collection of details of the health record system in use at each 

hospital trust was undertaken to establish a comprehensive and up-to-date dataset in November 2018. 

This involved several steps including Freedom of Information (FOI) requests for hospital trusts and 

corroboration with online sources and direct contact with local clinicians, as described in the procedure 

section of this report. 

 

For the patient-level analysis, Hospital Episode Statistics (HES) were used. HES are an administrative 

dataset that contains details of all admissions, outpatient appointments and A&E attendances in NHS 

England180. All encounters with acute trusts were extracted from HES data. The trust for each hospital 

encounter was identified using the 3-digit provider-level code (PROCODE3). HES data coding 

limitations were present at a hospital site-specific level (PROCODE5), as many trusts did not generate 

hospital-specific data. This restricted our patient-level analysis to hospital trusts rather than individual 
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hospital sites within trusts. Where organisations reported using different health record systems at 

different sites within the same trust, this trust was marked as using ‘multiple systems’. 

 

For the subgroup analyses relating to patients residing in the three urban Built Up Areas, constituent 

Lower Layer Super Output Areas (LSOAs) were identified from records of the Office of National 

Statistics259. LSOAs are geographic divisions within England consisting of a population of, on average, 

1500 people260. Hospital trusts were defined as being within a Built Up Area if the co-ordinates of their 

head offices were located within the boundaries of the Build Up Area, according to the 2011 Census. 

Local Digital Roadmap data including constituent CCGs was extracted from publicly available sources 

provided through NHS England243. 

4.2.7 Ethical considerations 

This research received local ethical approval through the Imperial College Research Ethics Committee 

(ICREC) (17IC4178). The use of Hospital Episode Statistics data for this project was approved by NHS 

Digital (DARS-NIC-67398-K2Y3T-v2.9) and data is available on request from NHS Digital. Patient-

level data was anonymised, and individual patient-level consent was therefore not required. Health 

record system information obtained through FOI requests is publicly available information and did not 

require additional ethical approval to obtain. 

4.3 Methods  

1.1.1 Procedure 

4.3.1.1 Identifying the health record system used at each NHS England acute hospital trust 

Several steps were undertaken to obtain details of the health record system in use at each acute NHS 

hospital trust in England. This initially involved an online web search of published information 

pertaining to health record usage from each NHS trust. Where unavailable, Freedom of Information 

(FOI) Requests were lodged with individual trusts to obtain the required information pertaining to a) 

does that trust use an EHR or paper records? and b) if so, which EHR system is currently in use (in July 

2018)? Additional data collected included the degree of EHR usage (partial or complete) and the 

alternative type of record system in use in the absence of an EHR, for example, paper records. Where 

data was missing following this initial search process, individual trusts were contacted by telephone or 

email to obtain the required health record system data. For some trusts, clinicians working at those trusts 
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were contacted directly to obtain missing details that were not able to be confirmed through online 

sources of FOI requests. Data pertaining to the EHR system in use at each trust was then validated 

through secondary publicly available sources and contact with trust representatives where required.  

 

In instances where data indicated that trusts used only part of an EHR system, for example medication 

prescribing but not patient notes, determining whether or not these trusts ‘use an EHR’ was determined 

via consensus between two clinician authors following consideration of all available information. 

Where trusts were in the process of implementing an EHR system, but full implementation had not yet 

been completed, the system that was in use at November 2018 was recorded as that trust’s EHR system. 

This approach was used to ensure the data most closely reflects the current distribution of EHR systems.  

 

These steps facilitated the production of a comprehensive up-to-date database including details of health 

record systems in use at each of the 152 included hospital trusts. The frequency and proportion of trusts 

using digital or paper records and the type of EHR vendors systems used by trusts were calculated from 

this database. 

4.3.1.2 Mapping the spatial distribution of health record systems 

For each LSOA in England, we identified the hospital trust that patients from that geographic area were 

most likely to attend. This was achieved by calculating frequencies of encounters at trusts for LSOA 

residents using HES data.  Each hospital trust in England was thereby allocated an LSOA-based 

geographic region that could be represented graphically according to the health record system in use at 

that organisation. For the purposes of mapping, these geographic ‘catchment areas’ corresponding to 

each hospital trust were depicted with boundaries. It is important to note that in the NHS in England, 

no true boundaries between catchment areas exist, as individuals are generally able to access care at 

any trust that they wish to. This process of generating LSOA-based regions corresponding to each trust 

was replicated for each city included in the subgroup analysis. The identified partitioning of EHR 

systems in England was compared with the spatial distribution of NHS Digital Footprint Roadmaps to 

observe if these footprints were associated with regional alignment of health record systems. Mapping 

of the spatial distribution of health record systems based on LSOAs was performed using Tableau 

(version 2019.1, Tableau Software, Washington, USA) and Python (Version 3.6, Python Software 

Foundation, Delaware, USA). 
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4.3.1.3 Measuring patient encounters and transitions of care between hospital trusts and health 

record systems in England 

To identify instances of patients attending multiple trusts that use different health record systems, HES 

data was used to measure the total number of unique patients and encounters associated with each of 

the 152 included trusts over the one-year study period. We then measured the number of patients that 

had more than one encounter at any included hospital, followed by the number that had one or more 

encounters with different acute NHS hospitals in England, as shown in Figure 4.2. Using the developed 

trust-specific health record system database, we were then able to calculate the number of encounters 

involving each system. 

 

To measure and visualise transitions of care between hospital trusts and health record systems, simple 

patient sharing networks were generated. For each encounter that was with a different trust (node) to 

one that was previously attended within the study year, an ‘edge’ was recorded for that pair of trusts, 

generating a trust x trust matrix. This process was repeated for the health record system used by each 

trust, generating a record system x record system matrix for all encounters between different health 

record systems. 

4.3.1.4 Measuring patient encounters and transitions of care between hospital trusts and health 

record systems in in cities 

The process outlined above was repeated for patients residing in the three included cities. The total 

number of patients attending hospitals in each city was measured by tallying the numbers of patients 

that had care encounters at acute NHS hospitals from each constituent LSOA in each Built Up Area. 

The number of encounters involving these patients was then identified. For each city, we calculated the 

number of patients that had more than one clinical presentation to an acute hospital, and of those, the 

number of patients that attended more than one trust within the one-year study period, as shown in 

Figure 4.2.  

4.3.1.5 National and metropolitan distribution of patient-sharing record system alignment 

For each LSOA, we calculated the proportion of consecutive encounters that were at a different trust to 

that patient’s previous encounter and the proportion of consecutive encounters that were with trusts 

using a different health record system. The difference between these two proportions was calculated for 

each LSOA. This difference was therefore a measure of the likelihood of patients in that LSOA having 
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an encounter recorded on the same type of health record system, where those consecutive encounters 

were at different trusts. A result of zero indicated that, for patients in that LSOA, all consecutive 

encounters at different trusts involved a different record system. A high number represented a higher 

proportion of ‘different trust-same record system’ encounters. A high proportion was therefore a marker 

of health record system alignment and actual or potential data interoperability between consecutive 

encounters at different trusts in that area. This process was performed at a national level, and for each 

city included in the subgroup analysis, thereby facilitating identification of regional differences in the 

alignment of health record systems between trusts that share patient care. 

4.3.2 Statistical methods 

Simple descriptive statistics were used for most analyses. Python and Microsoft Excel (Microsoft 

Corporation, Washington, USA) were used for data extraction and analysis. Excel and Tableau were 

used to generate figures. 

4.4 Results 

4.4.1 Participants   

One hundred and fifty-two NHS England acute trusts active in 2017-2018 were included. From HES 

administrative data, hospital encounters involving 21,286,873 patients at the included trusts over the 

one-year study period were identified. These 21,286,873 patients with acute NHS hospital encounters 

represented 40.2% of the English population of approximately 53 million individuals259. Of these 21 

million patients, 15,736,863 (73.9%) had two or more encounters and 3,931,225 (25.0%) of those had 

these encounters at two or more trusts. The city-level subgroup analysis included 1,465,418 patients 

with encounters at two or more trusts; 1,039,989 in Greater London, 200,006 in the West Midlands and 

225,423 in Greater Manchester. A flow chart the steps of patient recruitment into these groups is shown 

in Figure 4.2. 
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Figure 4.2 - Flow chart of patients included at each stage of analysis. Patients with encounters at two or more trusts during 

the one-year study period were included for analysis of transitions of care between trusts and health record systems in a 

primary (national-level) and secondary subgroup analysis of Built Up Areas in Greater London, the West Midlands and 

Greater Manchester. 

4.4.2 Characteristics of included acute hospital trusts 

Table 4.2 shows characteristics of the 152 included hospital trusts at a national level. Forty-four of these 

trusts were also considered in the city-based subgroup analysis of trusts located within the three urban 

Built Up Areas. The mean number of patients with recorded encounters per trust was 140,045 at a 

national level and similar for trusts located within each of the three urban areas studied. As shown in 

Table 4.1, the mean number of encounters per hospital trust over the one-year period was 798,367 at a 

national level, which was similar to trusts in the West Midlands (767,853) and Greater Manchester 

(739,811). Trusts in Greater London had a higher number of encounters over the one-year period, with 

an average of 916,117 encounters per trust. Most patients resident in the three cities studied accessed 

almost all of their care through hospital trusts located within the boundaries of those cities. For patients 

resident in the West Midlands, 98.1% of all clinical encounters were at hospitals located within the 

West Midlands Built Up Area, compared to 92.4% of encounters in Greater Manchester and 96.9% of 

encounters in Greater London. 
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Table 4.2 - Descriptive statistics for each Built Up Area and England (total). *Estimated usually resident population according 

to 2011 Census (Office for National Statistics)259, ‘Minimum number of health record systems in England calculated as sum 

of total number of different paper systems, unique EHR vendor systems and unique trust-developed EHR systems. 

4.4.3 Use of electronic health records vs paper records 

As shown in Figure 4.3, 117 (77.0%) of the 152 included acute NHS hospital trusts were using EHR 

systems. Twelve (10.3%) of those trusts indicated that they were only partially using EHRs for patient 

care. Thirty-five (23.0%) trusts were using paper records only. 

 

 
Figure 4.3 - Frequency of use of electronic health records vs paper records by acute hospital trusts in the NHS in England. 

4.4.4 Frequency of use of health record systems in England 

Greater London (BUA) West Midlands (BUA) Greater Manchester (BUA) England (Total)

Estimated population (n) 9,787,400* 2,441,000* 2,553,400* 53,012,456*

Included acute hospital trusts (n) 28 8 8 152

Different heath record systems (n) 15 8 7 >69'

Patients (n, % of population) 4,136,864 (42.3) 1,029,678 (42.1) 1,045,130 (40.9) 21,286,873 (40.2)

Hospital encounters involving included patients (n) 25,651,279 6,142,825 5,918,490 121,351,837

Mean patients per hospital (n) 147,745 128,710 130,641 140,045

Mean encounters per hospital (n) 916,117 767,853 739,811 798,367

Patients with more than one encounter (n, % total 

patients) 3,038,392 (73.5) 767,038 (74.5) 765,427 (73.2) 15,736,863 (73.9)

Patients attending more than one provider (n, % total 

patients) 1,039,989 (25.1) 200,006 (19.4) 225,423 (21.6) 3,931,255 (18.5)

Proportion of patients with more than one encounter 

that attended more than one provider (%) 34.2 26.1 29.5 25

Consecutive encounters with different provider (n, % 

total encounters) 4,193,804 (16.3) 707,605 (11.5) 867,010 (14.6) 11,730,613 (9.67)

Consecutive encounters with a different provider using 

a different record system to previous encounter (n, % 

consecutive encounters with different provider) 3,584,653 (85.5) 705,093 (99.7) 848,330 (97.8) 11,017,767 (93.9)
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Of the 117 trusts using EHR systems, 94 (80.3%) were using one of 21 different EHR vendor systems 

identified. 10 (8.5%) were using multiple different EHR systems. The remaining 13 (11.1%) trusts were 

using ‘in-house’ developed software. The number of trusts using each EHR vendor system is displayed 

in Figure 4.4. Of the 94 trusts using a single EHR vendor system, 49 (52.1%) were using one of three 

vendor systems operated by Cerner (21 trusts), DXC Technology (15 trusts) and System C (13 trusts).  

 

 
Figure 4.4 - Frequency of use of health record systems at trusts in the NHS in England. 

4.4.5 Spatial distribution of health record systems in England 

The spatial distribution of all health record systems used in the included 152 acute NHS hospital trusts 

in England is shown in Figure 4.5. The use of different types of health record systems demonstrated 

considerable geographic variation across England, with very little regional alignment of systems. There 

were some exceptions to this, with some small regional clusters of trusts that used the same EHR 

systems. An example of this is seen in the frequent use of Cerner systems in North West London, and 

Allscripts in neighbouring trusts in Manchester.  
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Figure 4.5 - Distribution of EHR vendor NHS Trust coverage for most frequently attended Trust per LSOA. In this map, each 

of England’s 171,372 LSOA regions is marked according to the health record system in use at the trust most frequently 

attended by its residents. 

4.4.6 Health record system use in Digital Roadmap Footprint areas 

At a national level, there was minimal correlation apparent between Digital Roadmap Footprints and 

the health record systems used, as shown in Figure 4.6. This illustrates that the geographic regions 

related to the hospitals trusts within the CCGs that comprise each Digital Roadmap Footprint did not 

generally use the same type of health record systems. 
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Figure 4.6 - Distribution of Digital Roadmap Footprints in England (A), compared with the distribution of health record 

systems (B). Colours in (B) correspond with the health record systems in Figure 4.5. Colours used in (A) are allocated 

arbitrarily to Digital Roadmap Footprints and bear no correlation to health record systems. 

4.4.7 Distribution of health record systems in cities 

The subgroup analysis of the three most populous cities in the UK found that in Greater London, six 

different vendor EHR systems were in use, some of which were used by several trusts. Seven trusts 

used paper records, one used multiple EHR systems and one used an ‘in-house’ developed EHR. In the 

West Midlands, all eight included hospitals used different health record systems. One trust in the central 

West Midlands Built Up Area used the Cerner vendor system, with other trusts using either paper or 

‘in-house’ developed systems. In Greater Manchester, four EHR vendor systems were in use. One 

vendor system, Allscripts, was used by two nearby trusts. The remaining four hospital trusts used either 

multiple electronic systems, ‘in-house’ developed EHR systems or paper records. The spatial 

distribution of these EHR vendors is shown in Figure 1. 
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Figure 4.7 - The distribution of health record systems used in each city included in the subgroup analysis. Each LSOA region 

Greater London, the West Midlands and Greater Manchester was assigned the EHR vendor of the hospital trust patients from 

that LSOA most frequently attended during the study period. Divisions within cities therefore represent hospital trust 

‘catchment’ areas. 

4.4.8 Patient transitions of care between acute hospital trusts 

Of the 21 million patients in England included in the study, 15,736,863 (73.9%) had two or more 

encounters during the study period. Of these, 3,931,255 (25.0%) patients attended two or more trusts. 

 

In the subgroup analysis of Greater London the West Midlands and Greater Manchester Built Up Areas, 

40.9 to 42.3% of the estimated population resident to those cities attended at least one of the included 

acute hospitals during the study period. Of these, 73% to 75% had more than one hospital encounter, 

as detailed in Table 1. Of those with more than one hospital encounter during the one-year study period, 

the proportion attending more than one provider was lowest in the West Midlands (26.1%) and highest 

in Greater London (34.2%). Residents with more than one encounter in all studied cities were therefore 

more likely to attend multiple hospitals than the 25% across England generally. Of note, in London 

alone, there were 4,193,804 occasions where patients had a consecutive encounter with a different trust 

to their previous encounter. Figure 2 shows regional differences in the probability of a patient in each 

LSOA having a consecutive encounter at a different hospital to their preceding encounter in each city 

studied in the subgroup analysis. 
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Figure 4.8 - For each city included in the subgroup analysis, the percentage probability of a patient in each LSOA having a 

consecutive encounter at a different hospital to the preceding encounter. Proportions range from zero (white) to high (dark 

purple). 

4.4.9 Patient transitions of care between health record systems 

Across England, 93,122,477 (76.7%) acute hospital encounters were associated with trusts using 

electronic record systems and 28,229,360 (23.3%) were with trusts using paper record systems. The 

three EHR vendor systems associated with the highest frequency of encounters at trusts using those 

systems were Cerner (22,719,685 patient encounters), DXC Technology (11,719,311) and System C 

(8,675,026). 

 

Of the 3,931,255 patients that attended two or more acute NHS hospital trusts in England, 2,107,998 

(53.6%) had encounters shared between the twenty pairs of hospitals listed in Table 4.3. Of these twenty 

pairs of trusts that most frequently share patients in the NHS in England, only two pairs used the same 

health record system; Imperial College NHS Foundation Trust and Chelsea and Westminster Hospital 

NHS Foundation Trust, and Barts Health NHS Trust and Homerton University Hospital NHS 

Foundation Trust. Both of these pairs of hospital trusts used a Cerner vendor system. 
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Table 4.3 – Twenty pairs of trusts that most frequently share patients, record system in use at each trust in pair and total 

number of patients with recorded encounters at both trusts over study period (shaded where same record system used in both 

trusts in pair). 

In the subgroup analysis of the three most populous cities in England, instances where patients had 

consecutive encounters with different providers using different health record systems were also very 

common. Of the 707,605 occasions where a patient in the West Midlands attended a different care 

provider to their previous presentation, 705,093 (99.7%) involved two providers that used different 

electronic health record systems. A similarly high proportion of ‘different trust-different system’ 

North Bristol NHS Trust University Hospitals Bristol NHS 
Foundation Trust

DXC Technology System C 180,746

Guy's and St Thomas' NHS Foundation Trust King's College Hospital NHS Foundation 
Trust

DXC Technology Allscripts 161,412

The Newcastle Upon Tyne Hospitals NHS 
Foundation Trust

Northumbria Healthcare NHS Foundation 
Trust

Cerner Paper records 159,905

Royal Free London NHS Foundation Trust University College London NHS 
Foundation Trust

Cerner GE Healthcare 133,296

The Lewisham And Greenwich NHS Trust King's College Hospital NHS Foundation 
Trust

Cerner Allscripts 124,772

Manchester University NHS Foundation Trust Salford Royal NHS Foundation Trust Multiple systems Allscripts 120,065

Imperial College Healthcare NHS Trust Chelsea and Westminster Hospital NHS 
Foundation Trust

Cerner Cerner 113,199

The Newcastle Upon Tyne Hospitals NHS 
Foundation Trust

Gateshead Health NHS Foundation Trust Cerner System C 104,068

Barking, Havering and Redbridge University 
Hospitals NHS Trust

Barts Health NHS Trust Paper records Cerner 100,705

London North West Healthcare NHS Trust Imperial College Healthcare NHS Trust Multiple systems Cerner 95,163

Manchester University NHS Foundation Trust Pennine Acute Hospitals NHS Trust Multiple systems Paper records 87,463

Guy's and St Thomas' NHS Foundation Trust The Lewisham and Greenwich NHS Trust DXC Technology Cerner 87,064

The Royal Bournemouth and Christchurch 
Hospitals NHS Foundation Trust

Poole Hospital NHS Foundation Trust EMIS Health Graphnet 86,538

University Hospital Birmingham NHS 
Foundation Trust

Sandwell and West Birmingham Hospitals 
NHS Trust

In-house 
Development

Cerner 83,653

North Middlesex University Hospital NHS 
Trust

Royal Free London NHS Foundation Trust Paper records Cerner 83,566

University Hospital Birmingham NHS 
Foundation Trust

Heart of England NHS Foundation Trust In-house 
Development

In-house 
Development

81,363

Royal Liverpool and Broadgreen University 
Hospitals NHS Trust

Aintree University Hospital NHS 
Foundation Trust

Multiple systems Multiple systems 80,522

North Tees and Hartlepool NHS Foundation 
Trust

South Tees Hospitals NHS Foundation Trust Intersystems Paper records 80,322

Barts Health NHS Trust Homerton University Hospital NHS 
Foundation Trust

Cerner Cerner 74,741

St George's University Hospitals NHS 
Foundation Trust

Epsom and St Helier University Hospitals 
NHS Trust

Cerner DXC Technology 69,435

Trust A Trust B
Record system at 

trust A
Record system at 

trust B
Patients shared 

(n)
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encounters were seen in Greater Manchester (96.8%). London had a relatively lower proportion of 

patients attending a different trust with a different health record system (85.5%). 

4.4.10 Spatial distribution of transitions of care between health record systems 

In England, regional differences were observed in the proportion of consecutive patient encounters at 

trusts that use the same health record systems, as illustrated in Figure 4.9. This figure shows that areas 

with high proportion of ‘different provider, same EHR’ encounters were spatially clustered in a 

relatively small number of regions. Patients from LSOAs in areas including West London, Oxfordshire, 

Northamptonshire, Merseyside, Cheshire, Manchester and Bournemouth had a higher proportion of 

attending a different trust that used the same health record system.  Of the 32,844 LSOAs in England, 

the median percentage of consecutive encounters involving different providers using the same EHR 

was 0.5% (range 0.0% – 93.5%). In 26,270 LSOAs (80.0%), patients consecutively attended different 

providers using the same EHR on less than 5% of occasions. This ranged between 5% and 20% of 

encounters for 3,638 LSOAs (11.1%), and in more than 20% of encounters in 2,936 LSOAs (8.9%). 

 

 
Figure 4.9 - Map of England indicating the probability of patients in each LSOA having an encounter recorded on the same 

type of health record system, where consecutive encounters were at different trusts. Proportions range from zero (white) to 

high (dark purple) probability of attending a different trust using the same health record system. 

 

Figure 2 
 

 
 

Figure 2 - Map of England indicating the probability of patients in each LSOA having an encounter 

recorded on the same type of health record system, where consecutive encounters were at different 

trusts. Proportions range from zero (white) to high (dark purple) probability of attending a different 

trust using the same health record system. 

 



 

 148 

The subgroup analyses of the Built Up Areas in Greater London, the West Midlands and Greater 

Manchester also showed considerable spatial variation in the proportion of consecutive encounters at 

trusts that used the same type of health record system, as shown in Figure 4.10. In Greater London, 

there were areas in West London, South London and East London that had higher proportion of patients 

consecutively attending different trusts using the same type of health record systems. These mainly 

related to the use of Cerner systems in groups of trusts that frequently shared patients in these areas. 

Similarly, in the Western regions of Greater Manchester, nearby trusts using Allscripts EHR systems 

was reflected in a higher proportion of patients consecutively attending trusts using the same type of 

health record system. 

 

 
Figure 4.10 - For each city, the probability of patients in each LSOA having an encounter recorded on the same type of health 

record system, where consecutive encounters were at different trusts. Proportions range from zero (white) to high (dark 

purple) percentage. 

4.5 Discussion 

Healthcare systems around the world are under growing operational pressure as demand for services 

increases261. Health services in the UK need to prepare for the ‘baby boomer bump’, which is 

characterised by a 33 percent increase in the number of people over the age of 6543. An anticipated 

increase in chronic and comorbid illnesses including diabetes, heart disease, cancer and dementia will 

contribute to the strain on healthcare services44. As highlighted in previous chapters of this thesis, when 

services are regionally centralised, many patients are likely to have their healthcare spread amongst 

several settings and providers that they transition between154. This impacts on care continuity, 

increasing the risk of adverse events and affecting the experience of patients as they move through the 

healthcare system. Clearly, there is a huge demand for health systems to become more joined up to meet 
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the current and future care needs of individuals43. These issues are particularly pertinent to patients 

residing in urban areas, where patients are more likely to have their care shared between multiple 

organisations154.  

 

By combining administrative ‘big data’ relating to interhospital transitions of care with health record 

infrastructure data, this research provides a timely overview of the national distribution of health record 

systems in England and the relevance of these findings to patient movement and data-sharing between 

acute hospital trusts. A city-focussed subgroup analysis in this study has also highlighted some of the 

barriers and facilitators to the sharing of health data between hospitals in Greater London, Greater 

Manchester and the West Midlands. 

4.5.1 Key findings 

4.5.1.1 Health record system use in the NHS in England 

This study identified the current distribution of health record systems in 152 acute NHS hospital trusts 

England. Compiling data from FOI requests and published sources, we identified that 35 (23%) of these 

152 trusts still used paper records, accounting for 23.3% of total inpatient, outpatient and A&E 

encounters. The use of paper-based health records in these 35 trusts represents a significant barrier to 

efficient sharing of records with providers from other settings, including primary care and other hospital 

trusts. To share these paper records across hospitals or settings, providers need to scan, fax or mail 

documents, a time and resource-intensive process prone to error and inefficiency262. The use of paper 

records also restricts the capacity for patients to monitor and manage their own care needs263. Although 

NHS England has previously committed to making patients’ records ‘largely paperless’ by 2020237, it 

is apparent that universal digital records within NHS England will not be delivered until 2023 or 

beyond43,100. 

 

The majority of acute NHS hospital trusts in England (77%) used electronic health record systems. As 

was shown in Figure 4.4, over half of these hospitals used systems provided by one of three commercial 

vendors, Cerner, DXC Technologies or System C, despite 21 different EHR vendor systems being 

identified. Of those organisations using EHR systems, several also reported using ‘in-house developed’ 

systems, or ‘multiple’ systems, many of which may be digital-paper hybrids. Interoperability of these 

bespoke systems with EHR systems used at other organisations is likely to be limited by the unique 

coding and standards used100. Some of the organisations using ‘multiple’ systems reported using a ‘best 
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of breed’ approach to health records, indicating the use of different types or vendors or health record 

systems for different functions or departments within the hospital. Although these systems may provide 

suitable functions for individual departments or clinicians, this ‘best of breed’ approach adds additional 

layers of technical and administrative complexity to achieving interoperability both within and between 

organisations. 

4.5.1.2 The spatial distribution of health record systems in England 

The spatial distribution of health record systems around England showed substantial variation, as shown 

in Figure 4.5. Some areas demonstrated a degree of geographical alignment of EHR systems, such as 

the use of Cerner systems in several trusts in Greater London. In the West Midlands, there was limited 

coordination of health record systems between trusts, with all but one trust using either using no specific 

unifying EHR system, or an ‘in-house’ developed system. In Greater Manchester, this was similar, with 

patients moving between all but one pair of trusts having their healthcare data from that encounter 

recorded on a different health record system.  

 

It is clear that the observed regional distribution of health record systems partially reflect residual effects 

of previous policies such as the National Program for Information Technology (NPfIT), which initially 

directed the adoption of particular EHR systems in five ‘regional clusters’230. The ‘Southern’ and 

‘London’ regions of the NPfIT regions still have a higher proportion of Cerner users, which was the 

vendor previously contracted by Fujitsu and BT to deliver EHR services in this region during NPfIT264. 

Similarly, in the North West and West Midlands of England, regions previously administered by CSC 

Lorenzo in NPfIT, the are a higher proportion of organisations using DXC Technology systems. 

 

The decentralisation of EHR system procurement that followed the cancellation of large-scale ‘top-

down’ approaches such a NPfIT and care.data has clearly contributed to the significant fragmentation 

of health record systems illustrated in Figure 4.5. In this research, it was also apparent that more recent 

programmes such as the Local Digital Roadmap and Global Digital Exemplar programs had not yet had 

a significant impact on the alignment of health record systems in organisations that frequently share the 

care of individual patients, despite a few exceptions around the country. This was highlighted in the 

comparison of health record system distribution and Local Digital Roadmap Footprints shown in Figure 

4.6. These observations highlight the fundamental, persisting conflicts between centralised, national 

guidance and decentralised trust-level administration and system procurement.  
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4.5.1.3 Patient transitions of care between trusts 

Through analysis of HES data, this study identified 3,931,255 patients that attended two or more trusts 

during the one-year study period. This represented one quarter (25.0%) of patients that had more than 

one hospital encounter during the study period. This finding emphasises that patient transitions of care 

between trusts in NHS England hospitals are common and is consistent with previous findings154. These 

results emphasise the need for effective data-sharing between trusts for these patients, to ensure that 

providers in different settings can provide quality and safe treatment based on the best available 

information. Accurate and efficient data-sharing between providers should be the backbone of care 

integration for these patients that move between hospital settings.  

 

A suggested pitfall of a regionally focussed, rather than national, approaches to information sharing is 

the risk of creating new information silos that are unable to support care when a patient moves to other 

regions for care243. Our findings have shown that the risk and impact of this is may be overstated as a 

large majority of patients receive care within a relatively predictable care network. Furthermore, as new 

systems make interoperability easier, connecting regions with systems that are already integrated will 

be more straightforward than connecting several disparate trusts.  

4.5.1.4 Patient transitions of care between record systems 

This research demonstrated that patients frequently move between trusts that have different record 

systems. There were several pairs of trusts that frequently cared for many of the same patients over the 

one-year study period. For example, of nearly four million patients that attended two or more trusts, 

more than half (53.6%) had consecutive encounters shared between just twenty pairs of hospitals, as 

seen in Table 4.3. Despite their frequent collaborative efforts to care for individual patients, only two 

of these pairs of hospital trusts used the same health record systems. With interoperability between 

different EHR systems currently limited, this represents a significant barrier to efficient sharing of 

digital records for millions of patients that move between these trusts. 

 

The city-based subgroup analysis performed in this study showed that instances of patients attending 

different trusts that use the same EHR system were more common in parts of central London. This was 

predominantly due to multiple trusts using Cerner vendor systems in London, as shown in Figure 4.7. 

As healthcare data is generally easier to share between trusts using the same systems, these findings 

infer significant opportunities for simplified interhospital data-sharing for patients in these parts of 
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London. There are existing examples of these opportunities already being utilised, for example, Chelsea 

and Westminster NHS Foundation Trust in London is currently in in the process of implementing a 

Cerner system to better share health data with Imperial College NHS Foundation Trust, an adjacent 

trust with which patients are frequently shared265. 

4.5.1.5 Health ecosystems within urban areas 

This study has shown that many patients that reside within the cities studied move between different 

hospitals as they negotiate the healthcare system. This was most pronounced in Greater London, where 

one in three patients (34.2%) with more than one encounter during the year attended more than one 

hospital. The higher proportion of transitions of care between hospitals in London likely reflects a 

higher spatial density of hospitals and increased service specialisation154. Additional factors, such as a 

higher proportion of non-resident workers, increased residential mobility and a younger population in 

many metropolitan areas are also likely to contribute to this observation266. These more transient 

metropolitan populations may be more likely move between hospitals when compared to individuals 

based in rural areas. 

 

Despite the increased inter-hospital movement of urban-based individuals in the study, across all three 

conurbations in the subgroup analysis, over 90% of all healthcare interactions for patients took place in 

hospitals located within the geographic limits of the Built Up Area in which they live. These cities 

therefore represent relatively self-contained healthcare ecosystems that are able to provide for almost 

all of the care needs of their populations, regardless of complexity. The increased transitions of care 

between hospitals that result from service centralisation have several benefits for patients267, but there 

are also potential pitfalls. Sharing the care of patients between hospitals may lead to fragmented, poorly 

coordinated care for patients, particularly those with complex care needs5,21,268.  

 

Of note, hospital trusts in London had a significantly higher ratio of encounters per patient. In London, 

4,136,864 patients were involved in 25,651,279 encounters, equating to a mean of 6.20 encounters per 

patient over the course of the one-year study period. This compares to a mean of 5.97 encounters per 

patient in the West Midlands, 5.66 encounters per patient in Greater Manchester and 5.70 encounters 

per patent nationally. This may reflect an increased reliance on hospital attendance for services in 

Greater London, that may otherwise be managed by General Practitioners in more regional areas, or 

increased levels of patient complexity and multi-morbidity in London.  
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4.5.2 Comparison with previous studies 

Although there is a growing body of literature on health data sharing and interoperability, there is no 

published research exploring transitions between hospitals and health record systems in the setting of 

the NHS in England.  This study identified that one quarter (25.0%) of patients that had more than one 

hospital encounter over the study period attended more than one acute hospital trust. This finding 

emphasises that patient transitions of care between trusts in NHS England hospitals are common and is 

consistent with previous findings in the literature154. As emphasised in previous studies examining 

transitional care, our results highlight the need for effective sharing of clinical data between care settings 

to ensure that providers can provide high-quality and safe treatment based on the best available patient 

information5. 

 

A multi-stakeholder interview study conducted immediately prior to the cancellation of the NPfIT 

programme identified several themes relating to the rollout of the program, including that “community 

level approaches to deployment of electronic health records and data sharing may be the optimal way 

forward”220. Reflecting on NPfIT, interviewees in this study suggested that focussing on sharing of 

detailed electronic health records at the level of ‘naturally occurring’ local health communities may 

represent the best use of resources or ‘bang for buck’220. It is these principles of identifying natural 

regional health networks and using data to guide EHR alignment that have been applied in this study. 

4.5.3 Limitations of this study 

This study examined patient transitions of care between health record systems in NHS hospitals in 

England. The routinely collected hospital-level administrative ‘big data’ used in this study did not 

enable an assessment of patient movements across other settings, for example between community and 

hospital care. Information transfer between hospitals often occurs via the patient’s General Practitioner 

as an intermediary. Although this manual exchange of data may fill some of the gaps left by limited 

interhospital data-sharing, there are several limitations with this process relating to availability, 

usability and timeliness. Other hospital-to-hospital information-sharing processes external to EHR 

systems also lack the data accessibility available from true semantic interoperability between systems 

and were not considered in this study. 

 

In reporting the health record systems used by trusts in NHS England, there were some limitations 

associated with an interpretation of the definition of ‘using’ an EHR system. Some trusts may use part, 
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but not all functions of an EHR. For example, a trust may use a digital interface for viewing 

investigation results or ordering medications, but not use an electronic record for patient notes. Other 

trusts defined the use of an Electronic Document Management System (EDMS) as ‘using’ an EHR. 

Where the ‘use’ of an EHR was unclear, a consensus decision was made between the authors 

considering all available information from FOI requests and other publicly available sources. These 

instances were sufficiently rare to not have a significant impact on the overall results. 

 

The distribution of EHR systems is dynamic and organisation-level changes are constantly occurring 

around the country. For example, Chelsea and Westminster NHS Foundation Trust is currently in in the 

process of phasing in the Cerner Millennium EHR system which has commenced use at one of two 

hospital sites. For the purpose of this study, Cerner was therefore listed as the EHR system for that trust. 

Administration and distribution of trusts and hospital sites also change intermittently due to mergers or 

other organisational restructuring. When these organisational changes occur, individual hospitals within 

those trusts may use different EHR systems which is a limitation of our trust-level analysis. For 

example, in Manchester University NHS Foundation Trust, some constituent hospitals use Allscripts, 

others use paper records or other EHR systems. This trust was therefore categorised as using ‘multiple’ 

systems for the purposes of this study. Due to site coding limitations at several trusts that use only trust-

level coding (PROCODE3), rather than site-specific coding (PROCODE5), analysis of individual 

hospitals was not possible. 

4.5.4 Implications of this study for policy makers, managers and providers in England 

The findings from this study provide valuable guidance for policy makers, clinicians, service managers, 

researchers, software providers and patients to better understand and improve how data may be shared 

between hospitals. Evidence from this study indicates that improving the coordination and 

interoperability of health record systems will help facilitate access to the right information at the right 

time for millions of patients in the NHS in England every year100,254. 

 

This study has identified several potential barriers and facilitators to data sharing between acute 

hospitals in the NHS in England, and within the three large cities studied. Despite the adoption of EHRs 

by both community care providers and hospitals, problems with data sharing between providers 

remain269. Seamless, technology-driven means of sharing data remain underutilised254. The capacity to 

integrate individualised data from sensors and other ‘smart’ sources into a comprehensive care record 
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for citizens is significantly hampered by this lack of health data interoperability. The limited regional 

alignment of health record systems identified in this study hampers efforts towards regional health 

record interoperability and data sharing. Several hospital trusts were found to be using paper records, 

in-house developed EHR systems or multiple different electronic systems. These trusts should be 

encouraged to consider the systems in use at other trusts with which they frequently share patients when 

they procure new health record systems. This will ensure that when trusts enter into EHR vendor 

contracts, which often extend for five- or ten-year periods, the benefits of data sharing between similar 

systems are maximised. Regional and national level coordination should encourage alignment of EHR 

systems and the findings from this study provide valuable guidance for this. 

 

Where trusts that frequently share patients continue to use different EHR systems, they should be 

encouraged to use open standards and develop suitable APIs to better link data between their different 

systems. This study has shown that enhancing interoperability between just three systems; Cerner, DXC 

Technology and System C, would improve access to information from a patient’s last encounter for 

over one million subsequent hospital encounters per year. The use of APIs to share meaningful patient 

information between EHRs is currently limited in practice in the UK setting270, despite some recent 

promising examples, such as between Cambridge University Hospitals NHS Foundation Trust and West 

Suffolk NHS Foundation Trust271. One of the key downsides of APIs are the potential security issues 

due to malicious attacks or leaked information which can be exposed through the use of these interfaces. 

These risks associated with APIs need to be mitigated as digital infrastructure is increasingly linked-up 

and data is more readily shared between organisations. Well designed and managed APIs should 

incorporate adequate authentication, authorisation and encryption to ensure secure access272. 

Additionally, there needs to be consideration regarding the degree of access to information through 

APIs to ensure both providers and patients access only the data they need for the purpose required.  

 

Although beyond the scope of this study, privacy and cybersecurity issues need to be considered as a 

potential barrier that requires consideration in any discussion surrounding healthcare data sharing257. 

These issues, brought to light in the ‘WannaCry’ ransomware attack in May 2017 require consideration 

when joining up data sources between providers273. A key concern associated with shared record 

systems is the increased exposure to inappropriate access to health records by users in separate trusts or 

organisations. Organisations need to provide clear guidance on confidentiality of data to providers, 

patients and the public on how inappropriate access to records is monitored, investigated and 
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managed272. A balanced approach to linking patient records between providers where they are most 

likely to be required may mitigate some of the privacy and security risks of data-sharing. Engaging the 

public and other stakeholders in discussions about the appropriate and secure use of patient or personal 

data should be encouraged to guide data sharing priorities and boundaries. 

4.5.5 Implications for urban planning 

Many citizens residing within cities highlight their healthcare as a priority274. Despite this, around the 

world, healthcare services that function within cities have been slow to adopt and exploit technology to 

facilitate data-sharing254. Almost all clinical encounters identified within the cities examined in the 

subgroup analysis of this study involved patients presenting to hospitals located in the conurbation in 

which they live. Cities therefore offer the opportunity for local health authorities to actively influence 

the health and wellbeing of a well-defined patient population interacting with a small number of 

spatially proximate clinical institutions. In this setting, technology provides vital opportunities to better 

connect care. Digitalisation of health records should be a key step towards digitally connected care. 

Programs like Discovery East London275 should be encouraged to bring policy makers, managers and 

providers together to improve the use of digital technologies and better coordinate care within cities.  

 

The three cities studied in this research have aspirations to be ‘smart cities’, characterised by the 

integration of digital technologies257,276,277. Health records should be a key component of proposed 

‘smart city’ programs to connect data to improve the lives of citizens in these cities278,279.The imminent 

introduction of 5G networks and improved wireless connectivity will provide new opportunities for 

real-time disease management and monitoring, for example through wearable technology and remote, 

video-assisted care280–282. Patient coordination and monitoring of their own health care records may be 

increasingly feasible with improvements in technology. Healthcare opportunities that arise from 

Artificial Intelligence (AI) and Internet of Things (IOT) technologies are likely to change the way many 

clinical processes function. Furthermore, future technologies that better link genomic data with 

phenotypic patient data may provide further opportunities for disease prevention and therapies. Through 

all of these healthcare advances, linkage with existing longitudinal patient health data across settings 

becomes an increasingly critical framework to contextualise and interpret an anticipated flood of new 

data. 

4.5.6 Implications for healthcare systems outside England 
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Although this study was performed in the setting of hospitals in the NHS in England, several healthcare 

systems around the world are grappling with the same issues of limited interorganisational data-sharing 

and interoperability218. Globally, there are some examples of successful large-scale integrated health 

record systems, as seen in Kaiser Permanente in the United States and SingHealth in Singapore172,283. 

Significant investment in EHR systems in the USA, through the Meaningful Use programme, has 

targeted health IT infrastructure interoperability, including through the use of APIs, and is starting to 

have impact on data-sharing between organisations284. This study has shown the potential value of 

integrated technologies exemplified in these systems. The methods used in this study of generating an 

overview of the distribution of record systems, then overlaying patient movement between these 

systems, could be employed in other settings to drive improvement. Metrics used in this study, such as 

the proportion of patients with consecutive encounters at trusts using different health record systems, 

could be used to guide quality improvement in interoperability at a national or regional system level. 

Ongoing work in this area is supported by the ready availability of contemporaneous HES data from 

the NHS in England. 

4.5.7 Alternative approaches to data-sharing and interoperability 

In the era of information technology, efficient data transfer is increasingly an expectation of service 

consumers. This was highlighted in the interview studies from chapter 2 of this thesis. Often, the transfer 

of patient information between providers relies on manual requests for information by providers or 

patients themselves which, in many instances, is still transferred via email or fax262. There are increasing 

examples of technologies that encourage patients themselves to be the controllers of their own medical 

records, bypassing organisational barriers to data-sharing285–287. This approach, however, will not be 

suitable for all patients. Cloud and blockchain technology are additional potentially useful tools to 

improve interoperability, although barriers remain to their integration and interoperability with existing 

systems288289. It has been suggested that as a ‘follower’ or ‘laggard’ industry, healthcare systems can 

benefit from the experience and learning of other industries239, and this may apply to technologies such 

as cloud and blockchain innovations in years ahead. 

4.5.8 Additional benefits of improved data-sharing and interoperability 

Tapping the potential of improved access to longitudinal patient health records may extend benefits 

beyond traditional care delivery. Opportunities for secondary use of healthcare data abound in the UK, 

where the availability of extensive national-level health data is rapidly expanding122. Development of 
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novel artificial intelligence-based tools could be facilitated through better access to secure data. 

Exciting advances in personalised medicine and genomics promise to improve targeted therapy for 

individuals to reduce risk and improve effectiveness100. Unlocking the true value of genomics relies on 

an accurate lifelong and comprehensive overview of phenotypes associated with health profiles100. 

Realisation of many of these opportunities depends on continuity of health information which can only 

be achieved by linking several data sources from organisations that an individual patient has attended. 

The liberation of health care data from institutions for these purposes provides immense opportunities 

across health and social care122 and should be encouraged by this research. 

4.5.9 Dissemination of this research 

An important aspect of the research reported in this chapter was dissemination of the findings. The 

findings from this study are relevant to current policy and practice and the dynamic nature of digital 

technologies in the NHS in England necessitated rapid dissemination of relevant research. This research 

was presented to managers at the NHS Improvement office in London in May 2019 and has been used 

to guide policy relating to data-sharing in the NHS in England. This work also led to several 

presentations and publications, including scientific articles in BMJ Open and Nature Digital Medicine 

and a policy article in the National Health Executive magazine, which is distributed widely to healthcare 

managers in the UK154,155,290. An article relating to this research were also published in the BBC News, 

titled ‘NHS e-health systems risk patient safety’291. Additional news articles relating to the research 

were published in the Daily Mail and Digital Health, amongst other outlets292,293. The BMJ Open 

research article related to this work was widely distributed on digital and social media, as reflected in 

the Altmetrics >70 associated with this article. This research was also used to generate policy 

recommendations in a recent white paper titled NHS Data: Maximising its impact on the health and 

wealth of the United Kingdom, published by Imperial College in February 2020122. Local and 

international oral presentations, including at the Academy Health Annual Research Meeting in Boston 

in 2020 and the International Conference on Urban Health in Xiamen, China in 2019, ensured local and 

international sharing of this work. The presentation in Xiamen emphasised ‘lessons from the UK’ 

regarding the coordination of health record systems and aimed to help policy makers and managers in 

both developed and developing world settings. 
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4.6 Conclusion 

To make the best possible decisions for patients, clinicians require accurate, up-to-date health records. 

In the context of complex healthcare systems where patients frequently move between settings, teams 

and providers, there are several impediments to efficient information exchange. This study has 

addressed the complex, dynamic issues of data-sharing and health record interoperability in the context 

of the NHS in England. Through a process of mapping the distribution of health record systems in NHS 

England acute hospital trusts and overlaying patient movement between trusts using HES data, this 

research has provided a clearer understanding of the current system-level barriers to effective data-

sharing at a national and regional level. The findings from this study provide guidance for policy 

makers, service managers, researchers, providers and patients to better understand, measure and 

improve data sharing between hospitals. 

 

Millions of patients in England each year are attending pairs of trusts that do not have aligned health 

record systems. This has significant implications for the provision of quality, cost-effective and safe 

care that depends on patient information being available where and when it is required. It is clear from 

this study that the two phases of a truly digital healthcare system - digitalising records, then joining 

them up - remain a work in progress in the English setting. The digitalisation of patient records in 

hospitals is improving, although one in four organisations are still using paper records. The process of 

connecting health records between hospitals remains in its infancy, with limited success from previous 

public and private investment over more than a decade. Despite a tumultuous history of EHR 

implementation in England, there is room for optimism with momentum toward a truly digital NHS. 

Although APIs may not currently be able to easily achieve the sematic interoperability between EHR 

systems that is sometimes claimed, these technologies will continue to improve272. Trusts that have 

established EHR infrastructure will be best positioned to capitalise on these developments. 

 

The work reported in this chapter has shown how big data can be used to guide the allocation of 

resources to improve data-sharing where it is most needed. Some hospitals and patients, particularly 

those based in urban areas where care is more likely to be fragmented, stand to benefit more from 

connected infrastructure than others. Identifying the organisations that patients most frequently 

transition between, and quantifying these care transitions, provides evidence to support alignment and 

interoperability of EHR systems.  
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This research has been widely disseminated and has ongoing impact through publication and inclusion 

in health policy formation in the NHS. The next chapter in this thesis focusses in on a group of patients 

that are particularly vulnerable to some of the challenges of information exchange during transitions of 

care. This is followed by further use of administrative big data to explore transitions of care between 

clinicians in chapter 6. 
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 -Transitions of care across hospital settings in patients with inflammatory bowel 
disease 

5.1 Introduction 

The fifth chapter in this thesis and final in this section concludes the research on system-level, 

interhospital transitions of care, concentrating on a cohort of patients with a health condition that often 

requires the input of multiple specialists. The previous two chapters have illustrated how, at a national 

level, transitions of care between hospitals are common, and frequently complicated by existing 

heterogeneity in the type of health record systems used in each organisation. Patients with complex, 

chronic or multi-organ diseases are particularly likely to have several care providers spread across many 

settings, which results in fragmented care294,295. This vulnerable group of patients is, therefore, at high 

of risk of medical errors during transitions of care2.  

 

In this chapter, patients with inflammatory bowel disease (IBD) in England were investigated as an 

example cohort of patients through which to measure the frequency of encounters with different hospital 

care providers. Key research priorities were identified through a Priority Setting Partnership focussed 

on patients with complex care needs and chronic diseases. Through the lens of patients with IBD, 

administrative ‘big data’ sources were then analysed to assess the scale and burden of interhospital care 

transitions in patients with a chronic disease. The findings from these analyses were used to propose 

recommendations for policymakers, managers and clinicians to improve data-sharing and care 

coordination for patients with inflammatory bowel disease and other complex, chronic or multi-organ 

diseases. 

5.1.1 Inflammatory bowel disease 

Inflammatory bowel disease (IBD) comprises the chronic relapsing inflammatory disorders Crohn’s 

disease (CD) and ulcerative colitis (UC)296. These are generally lifelong diseases, characterised by 

periods of remission and flares, with symptoms that include bloody diarrhoea, urgency, fatigue, weight 

loss, and abdominal pain. IBD affects 1 in 250 people in the UK giving an estimated prevalence of 

240,000 in the UK and 170,000 in England297,298. The peak incidence of IBD occurs in patients between 

the ages of 15 and 30 years299. IBD may impact many aspects of the affected individual's life, accounting 

for substantial direct and indirect costs to the individual, the health care system and society300. 

5.1.2 Fragmentation of IBD care 
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A combination of factors including centralisation of healthcare services40,41,171, difficulty accessing local 

services301 and patient mobility between regions for education, employment or travel may require IBD 

patients to access care in multiple settings. Furthermore, many IBD patients require care for extra-

intestinal manifestations of disease302–304, which is often provided by disparate specialists in multiple 

settings. The unpredictable nature of  disease in IBD may also require attendance to acute care 

services305 in organisations separate to the patient’s usual IBD care provider. The resulting 

multidisciplinary ‘patient-sharing’ between healthcare providers is characterised by multiple transitions 

of care. These transitions may impair continuity of care delivery and lead to care fragmentation5. 

 

Fragmentation of patient care is characterised by ineffective communication among providers and 

across healthcare agencies, insufficient patient and caregiver education, poor continuity of care, 

including medication reconciliation, and limited access to services, which contributes to negative 

quality and cost outcomes306. An increasing range of investigations and treatment options for IBD307 

adds further complexity to care transitions and necessitates the transfer of accurate and 

contemporaneous information at a secondary and tertiary care level. 

5.1.3 Identifying transitions of care and patient-sharing in IBD 

Published quality standards in IBD care specify that services should be coordinated across the 

multidisciplinary care pathway308. Many patients, however, may still ‘fall though the cracks’  between 

providers2. The objective of this study was to determine the type and location of hospital services 

accessed by IBD patients in England. Identifying and measuring the frequency and distribution of 

patient-sharing may inform the development of more effective and efficient data-sharing practices 

between providers and assist in optimising systems at a local, regional and national level. 

5.2 Methods 

5.2.1 Project origins – a priority-setting partnership 

This project was developed following input as a research and clinical partner in a James Lind Alliance 

(JLA) Priority Setting Partnership (PSP) that was hosted by the Imperial Patient Safety Translational 

Research Centre (Imperial PSTRC) in 2018. The focus of this PSP was on adults with complex health 

needs. A defined research priority setting process developed by the JLA has previously been used to set 

research priorities in many healthcare areas, including dementia, depression, asthma and visual loss309. 

Key principles of the JLA PSP are: inclusivity of all stakeholders, methodological transparency, a 



 

 163 

declaration of interest and a commitment to using and contributing to the evidence base309. This PSP on 

adults with complex health needs followed the defined research model of the JLA initiative, involving 

initial surveys of patients, carers, members of the public and healthcare professionals, followed by a 

priority setting workshop309. Two of the patients and another clinician whom I interacted with during 

this PSP reflected on their experiences of care fragmentation between hospitals in the setting of 

managing their inflammatory bowel disease. 

 

The aim of the PSP workshop was to identify and prioritise a list of ten questions to guide research into 

the safe care of adults with complex health needs. These ten questions were developed following 

multidisciplinary small group discussions regarding the research priority of 23 ‘raw’ questions that had 

been identified through the initial survey. The top ten research priorities developed through the PSP 

process fell into four major themes: a) addressing the needs of the “whole person”, b) recognising the 

expertise of patients and their carers, c) improving communication between professionals and d) 

improving the use of patient’s medical records310. The two research questions that were identified as 

the highest priorities by stakeholders in the workshop focussed on improving care and communication 

between different organisations, settings and specialists for patients with complex care needs. These 

were a) ‘how can communication be improved among professionals working in different organisations 

who are involved in a patient’s care?’, and b) ‘when patients require care from more than one specialist 

or department, how can their care needs be addressed in a way that considers the whole person through 

better organisation and team-working?’. Deficiencies in care coordination and data-sharing between 

organisations for patients with complex care needs was a clear problem for patients and other 

stakeholders. 

 

The demand for more research into improving communication and coordination between organisations, 

settings and specialists led to the development of the research question for this project, focussing on the 

use of hospital administrative ‘big data’. To improve something, it first needs to be able to be measured 

and understood311. This concept, which has been addressed throughout this thesis, highlights the need 

to understand the complexity of the inter-organisational hospital care experienced by patients with 

complex health needs. 

 

Following on from interactions that stemmed from the PSP, inflammatory bowel disease was selected 

as the index disease process from which to measure interhospital transitions of care included in this 
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chapter. This disease process was determined to be suitable given personal familiarity with the field, 

the availability of local clinical expertise, and the availability of appropriately coded IBD data in 

Hospital Episode Statistics (HES). 

5.2.2 Study design 

Following the Priority Setting Partnership workshop, the major research component of this chapter, a 

quantitative ‘big data’ study was undertaken.  

 

This data study employed a retrospective observational design using routinely collected hospital 

administrative ‘big data’.  

5.2.3 Study setting 

The setting of this study was acute NHS hospital trusts in England. All patient encounters in inpatient, 

outpatient and accident and emergency settings within these hospitals were included. 

5.2.4 Participants 

All adult patients resident in England that accessed inpatient care and had a recorded ICD-10 IBD 

disease-specific code (K50, K51) were identified from the Hospital Episode Statistics (HES) Admitted 

Patient Care (APC) dataset and included in the study. ICD-10 code K50 refers to Crohn’s disease 

(regional enteritis) and K51 refers to ulcerative colitis312. Patient eligibility included those patients who 

were admitted for investigations or procedures, such as endoscopy, and had an ICD-10 IBD code 

recorded at that time. 

5.2.5 Outcome measures 

The primary outcome measure was the proportion of adult patients with IBD in England that access 

services from hospital providers other than their ‘home provider’. 

 

Secondary outcome measures included the spatial distribution of IBD patient-sharing, regional 

differences in IBD patient-sharing, age-related differences in accessing services and the type and 

frequency of outpatient specialty services accessed by patients with a diagnosis of IBD in NHS hospitals 

in England. 
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5.2.6 Procedure 

5.2.6.1 Participant recruitment 

Patients were recruited from this dataset over a two-year ‘recruitment period’ using HES APC data 

from April 2011 to March 2013. Each patient was then followed for a two-year period from the date of 

their index inpatient admission with an associated IBD-specific code recorded, as shown in Figure 5.1. 

The final patients recruited therefore concluded their two-year follow-up period by 30th March 2015. 

Any patients that did not have any follow-up encounters after their index encounter were excluded from 

the analysis. 

 

 
Figure 5.1 - Diagram outlining patient recruitment demonstrating example Patient A, recruited near the beginning of the 

recruitment period and Patient B, recruited just before the end of the recruitment period. All patients were followed-up for 

two years following the date of their index encounter. 

5.2.6.2 Identifying providers 

This study included hospital trusts in the NHS in England that provide acute services313. To 

accommodate organisational change, hospital trust providers that merged or separated over the course 

of the study period were treated as a single merged provider across the whole study period. Low-volume 

providers with less than 1000 total IBD patient encounters over the four-year period of data were 

excluded to reduce noise in the data, a large part of which was likely due to diagnosis miscoding in 

HES. During data exploration and cleaning, several of these low-volume providers were identified as 

providers that were unlikely to be providing acute care to IBD patients. These excluded providers 

contributed only 0.46% of total encounters prior to exclusion, representing a negligible impact on key 

findings from this study.  

5.2.6.3 Identifying ‘home providers’ 

Each patient recruited into the study was allocated a 'home provider', which was identified as the trust 

through which the largest proportion of a patient's outpatient care in gastroenterology was delivered 
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during the study period. Patients that did not have any gastroenterology outpatient appointments during 

the study period were excluded from analysis. 

5.2.6.4 Identifying frequency and location of healthcare encounters for IBD patients 

The next step in measurement of encounters was to identify the frequency and hospital location of all 

accident and emergency, inpatient and outpatient encounters for the included IBD patients. Using the 

previously identified ‘home provider’ allocated to each patient, the proportion of attendances to these 

hospital trusts was calculated. 

5.2.6.5 Identifying regional differences in patient encounters 

To map the location of residence of each included patient in England, the Middle Layer Super Output 

Area (MSOA) was used. MSOAs are geographic regions in the United Kingdom with a population 

between 5000 and 7200 people314. This compares to a population of approximately 1000 to 3000 in 

Lower Layer Super Output Areas (LSOA), which were used as the primary field for patient residence 

in earlier chapters. The larger MSOAs were, therefore, preferred in this study due to the higher yield of 

IBD patients and associated better suitability for mapping. With an estimated IBD incidence in England 

of 0.5-1%, there are, on average, approximately 50 patients with IBD per MSOA315. MSOA (HES code: 

MSOA01) is included as a data field in the HES APC dataset197. 

 

To further analyse and illustrate regional trends in patient-sharing, the twenty hospital provider 

organisations with the highest and lowest proportions of IBD patients attending their identified ‘home 

provider’ for healthcare were identified and mapped. Hospital trust locations were identified using 

geographic coordinates which were determined for each hospital. Where hospital trusts included more 

than one site, the largest hospital site by bed numbers was used as the location for spatial mapping. 

5.2.6.6 Age-related differences in patient encounters 

Age was determined to be a potentially important factor in the fragmentation of care received by patients 

with IBD in England. We hypothesised that older patients would be more likely to access care at 

multiple hospitals, due to an increased likelihood of age-related comorbidities. Access to care services 

was, therefore, compared for three age bands, <40, 40-70 and >70 years, to determine differences in the 

proportion of patients accessing services through their ‘home provider’ for all patient encounter types. 
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5.2.6.7 Type of outpatient specialty services accessed by IBD patients 

For IBD patients, transitions of care exist between specialty providers which can add to the complexity 

of care and burden of disease management. Outpatient encounters may relate to health issues associated 

with the multi-organ nature of some IBD pathology, or to other comorbidities afflicting patients with 

IBD. In the NHS in England, outpatient encounters are coded using main specialty codes or treatment 

function codes pertaining to the clinical service provided316,317. For recruited patients, hospital 

outpatient encounters within the follow-up period were identified and measured to determine the type 

of specialty services that IBD patients consulted with and the frequency of these. The twenty types of 

outpatient services most frequently attended by included IBD patients were reported, along with the 

frequency of these encounters and the proportion (%) of total outpatient encounters. 

5.2.7 Statistical methods 

The investigators had complete access to the relevant HES datasets for the study period covering April 

2011 to March 2015. Data was cleaned prior to analysis with removal of incomplete and duplicate 

records. Python (Python Software Foundation, Delaware, USA) was used for data extraction and 

analysis and Tableau (Tableau Software, Seattle, USA) for data visualisation. For outcome 

comparisons, where relevant, pairwise c2 tests were used. Statistical analyses performed as part of this 

study were reviewed by a specialist biomedical statistician and mathematician in preparation for 

publication. 

5.2.8 Data sources and availability 

The HES data used for this study was made available by application to NHS Digital (approval no: 

DARS-NIC-67398-K2Y3T-v2.9) and funded through the Imperial PSTRC. HES data are available on 

application to NHS Digital (https://digital.nhs.uk). This study received local ethical approval through 

the Imperial College Research Ethics Committee [17IC4178]. As this study used administrative data 

that was not identifiable, individual informed consent from included patients was not required. 

5.2.9 Data storage 

Sensitive patient-level HES data used in this study was securely stored on servers in the Imperial 

College Big Data and Analytical Unit (BDAU). Infrastructure provided through the BDAU was also 
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used for processing and analysing these large datasets. Confidentiality was maintained throughout 

analyses and only anonymised, aggregate data was made publicly available.  

5.3 Results 

5.3.1 Participants 

A total of 126,295 patients fulfilled the initial inclusion criteria and were recruited from the HES data 

set during the two-year recruitment period. Of these, 31,240 (24.7%) patients did not have any 

gastroenterology appointments during the follow-up period. As these patients were unable to be 

allocated a ‘home provider’, they were excluded from further analysis and 95,055 patients therefore 

remained for further analysis. This patient group had a total of 110,300 accident and emergency, 

304,996 inpatient and 1,344,860 outpatient encounters over the two-year follow-up period, including 

their first hospital admission through which they were recruited. These hospital encounter frequencies 

are shown in Table 5.1. 

5.3.2 Providers 

Of the 220 acute NHS provider organisations with one or more eligible patient encounters, 76 were 

low-volume providers with less than 1000 IBD patient encounters over the 2-year recruitment period. 

These 76 providers were therefore excluded from further analysis. Within these excluded hospitals there 

were 8030 (0.46% of total) encounters. A total of 144 acute NHS hospital trust providers remained for 

subsequent analyses. 

5.3.3 Frequency and proportion of ‘home provider’ encounters 

Of a total 1,760,156 encounters involving all included IBD patients, 1,466,155 (83.3%) were with the 

patient’s ‘home provider’. Accident and emergency encounters during the study period involved the 

patient’s allocated ‘home provider’ on 80,836/110,300 (73.3%) occasions. Of 304,996 inpatient 

hospital admissions in the recruited patients, 267,540 (87.8%) were to their ‘home provider’ while 

1,117,779/1,344,860 (83.1%) of outpatient attendances across all specialties were to their ‘home 

provider’ (Table 5.1). There was significant heterogeneity between trusts in the proportion of 

encounters with the ‘home provider’ trust. The range of proportion of ‘home provider’ trust encounters 

was 37.0 to 94.3% for accident and emergency encounters, 57.2 to 98.5% for inpatient encounters and 

55.7 to 96.9% for outpatient encounters.  
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Table 5.1 - IBD patient encounters and proportion that were with the patient’s ‘home provider’. 

5.3.4 Geographic distribution of IBD patient-sharing 

There were considerable regional differences in the proportion of ‘home provider’ encounters for each 

encounter type by the MSOA of residence of participants. Figure 5.2 illustrates the regional distribution 

of the proportion of clinical encounters with the ‘home provider’ for accident and emergency, inpatient 

and outpatient encounters. A lower proportion of outpatient encounters with the ‘home provider’ was 

particularly noticeable in more densely populated metropolitan areas such as Greater London, the West 

Midlands, Liverpool and Manchester. In more sparsely populated areas, such as Norfolk and Cornwall, 

there was a higher proportion of outpatient appointments with the ‘home provider’ hospital trust. 

 

The highest and lowest twenty hospital trust providers according to proportion of ‘home-provider’ 

healthcare encounters are shown in Figure 5.3. As seen in Figure 5.3, providers with a low proportion 

of ‘home provider’ encounters for IBD patients were typically located in metropolitan areas in Greater 

London and the North West of England and those with a high proportion of ‘home provider’ encounters 

were based outside major metropolitan areas. In several metropolitan hospitals, the proportion of 

encounters with the ‘home provider’ accident and emergency provider was <50% for accident and 

emergency encounters and <60% for inpatient and outpatient encounters. 

 

Total encounters (n) ‘Home provider’ encounters (n) ‘Home provider’ proportion (%)

Accident and Emergency 110300 80836 73.3

Inpatient 304996 267540 87.8

Outpatient 1344860 1117779 83.1

Total 1760156 1466155 83.3
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Figure 5.2 - Proportion of accident and emergency, inpatient and outpatient presentations to IBD care ‘home provider’ by 

MSOA of residence. 

 
Figure 5.3 - Distribution of twenty highest and twenty lowest hospital (trust) providers according to proportion of encounters 

with patient’s ‘home provider’. 

5.3.5 Age-related differences in accessing care 

The proportion of home provider encounters for all encounter types was variable between IBD patients 

in the three defined age groups (<40, 40-70 and >70 years). The age-related proportion of home provider 

encounters in accident and emergency, inpatient and outpatient settings is illustrated in Figure 5.4. As 
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shown, home provider encounters for IBD patients under 40 years of age were the lowest across all 

encounter types.  Of accident and emergency encounters with patients <40 years old, 29.5% were with 

providers other than the home provider, compared with 10.4% for those aged between 40 and 70 and 

15.1% aged >70 years. For inpatient encounters, the proportion with non-home providers were 26.9% 

for those aged <40 years, compared with 12.8% and 17.4% for those aged 40-70 and >70 years 

respectively. For outpatient encounters, 20.2% were with non-home providers in IBD patients aged <40 

years, compared to 14.9% for those aged 40-70 and 18.6% in those aged >70 years. The highest 

proportion of ‘home provider’ encounters was seen in the 40-70 years age group for all encounter types. 

All results were significant at p<0.001 for pairwise c2 tests.  

 
Figure 5.4 - Proportion of ‘home provider’ encounters per age for three age bands, <40, 40-70 and >70 years. 

5.3.6 Outpatient specialty services accessed by IBD patients 

Specialty service and treatment codes pertaining to 130 different outpatient services were identified for 

included patients with IBD. The most frequently accessed services included outpatient consultations 

and therapies, such as physiotherapy. The twenty most common outpatient medical and specialty 

services that IBD patients consulted with are listed in Table 5.2. Encounters with these twenty services 

constituted 84.3% of total outpatient encounters for IBD patients. For the included IBD patients, there 

were 546,768 gastroenterology outpatient appointments, accounting for 39.8% of all outpatient services 

accessed in this group of IBD patients. Between general surgery and colorectal surgery there were 

96,220 total outpatient encounters, accounting for 7.0% of outpatient encounters. Ophthalmology 
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consultations were also common, with 53,237 (3.9%) encounters. This was followed in frequency by 

trauma and orthopaedics (3.8%), rheumatology (3.7%) and dermatology (2.8%). 

 

 
Table 5.2- The twenty most frequently accessed outpatient services and corresponding proportion of total outpatient services. 

5.4 Discussion 

Patients with complex health needs and multi-organ diseases, including many of those with 

inflammatory bowel disease, frequently access hospital care with multiple providers across several 

different organisations. Coordination of care across settings for these patients is fundamental to 

providing effective and safe care5. To address the challenges of care fragmentation experienced by 

many of these particularly vulnerable patients, it is critical to first understand the scale and 

characteristics of their transitions of care between providers. This large study investigated patients with 

inflammatory bowel disease living in England, to identify and measure transitions of care between NHS 

acute hospitals. 

5.4.1 Key findings 

Through a retrospective analysis of routinely collected hospital administrative ‘big data’, this study 

reviewed the records of 95,055 patients with IBD. This represents around half of the estimated 170,000 

people living with IBD in England. For this large group of included patients, all interactions with NHS 

hospitals in England over two-year period were identified and analysed. These patients were involved 

Gastroenterology (301) 546768 (39.8)

General Surgery (100) 55126 (4.0)

Ophthalmology (130) 53237 (3.9)

Trauma and Orthopaedics (110) 52510 (3.8)

Rheumatology (410) 50781 (3.7)

Colorectal Surgery (104) 41094 (3.0)

Dermatology (330) 39392 (2.8)

Physiotherapy (650) 36895 (2.7)

General Medicine (300) 32595 (2.4)

Cardiology (320) 29748 (2.2)

Diagnostic Imaging (812) 29454 (2.1)

Urology (101) 27939 (2.0)

Gynaecology (502) 25260 (1.8)

Obstetrics (501) 22805 (1.7)

Respiratory Medicine (340) 22238 (1.6)

ENT (120) 21953 (1.6)

Clinical Haematology (303) 21031 (1.5)

Anticoagulant Service (324) 18013 (1.3)

Nephrology (361) 14847 (1.1)

Clinical Oncology (800) 14522 (1.1)

Frequency (% of total services)Outpatient Service (HES Code)
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in a total of 1,760,156 encounters during the two years during which each patient was followed up after 

recruitment. A majority of patients accessed accident and emergency, inpatient and outpatient care 

through the same ‘home provider’ that they attended for gastroenterology outpatient care. A substantial 

proportion of patients, however, accessed care from multiple providers over a two-year period. This 

was particularly common when using accident and emergency services, where 26.7% of patient 

encounters were with hospitals other than the ‘home provider’. 

5.4.1.1 Regional differences in ‘home provider’ attendance  

The use of hospitals other than patient’s ‘home provider’ of gastroenterology care, was particularly 

common for patients living in metropolitan areas. In several metropolitan areas, such as London, the 

West Midlands and Merseyside, around only 50-60% of encounters involved patients accessing care at 

their home provider hospital. All of the twenty hospitals with the lowest proportion of IBD patients 

attending that same provider for subsequent healthcare were located in major metropolitan centres. 

These important findings underscore the need for effective systems to manage transitions of care and 

sharing of patient information between settings, particularly in areas where there is a high spatial density 

of hospitals. In these areas, the increased frequency of accessing care away from the home provider 

likely reflects the distribution of specialty care between different hospitals. Several of the outpatient 

services accessed by patients with IBD, as shown in Table 5.2, involve specialty care that will not be 

available at many of the patient’s home provider organisations in metropolitan areas, forcing patients 

to attend other hospitals. These patients may also be more likely to be referred to different hospitals by 

their primary care doctors due to the higher number of available nearby hospitals. This contrasts with 

the situation for many patients in rural and regional areas, such as Norfolk and Cornwall, who may be 

more likely to access all of the care that they require through a single large, district general hospital. 

5.4.1.2 Accident and emergency encounters 

Accident and emergency encounters involving the included IBD patients were with their ‘home 

provider’ hospital trust on 73.3% of occasions. This is lower than the proportion of ‘home provider’ 

encounters for inpatient (87.8%) and outpatient (83.1%) services. Reasons for this difference may 

include an absence of accident and emergency services at the ‘home provider’ trust, a need for urgent 

care necessitating presentation to the nearest hospital, or patient preference. Importantly, this finding 

indicates that many patients seen acutely may not have comprehensive or up-to-date medical records 

held at that organisation. This may impact on the timeliness, effectiveness and safety of their care 
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delivered by that provider. Additionally, information from an acute presentation may not be 

communicated with their usual ‘home provider’, again contributing to potential downstream transition 

of care errors. In the absence of adequate patient-held records, the patient’s General Practitioner 

therefore has an important role in sharing the patient’s discharge summary and care records with the 

other hospitals that the patient attends. 

 

It is also important to note that up to nineteen percent of patients with inflammatory bowel disease 

treated at a referral centre may be readmitted within 30 days318. Some of these patients may re-present 

to a different organisation than the previous provider, and these presentations may not be identified by 

those hospitals as readmissions. During these re-presentations, the absence of relevant, recent 

information regarding the patient may impact negatively on care and reduce the likelihood of avoiding 

preventable admission at either the same, or a different hospital. 

5.4.1.3 Transitions of care between specialty services 

The analysis of outpatient services accessed by IBD patients in this study revealed a broad range of 

specialty services and therapies covering intraluminal and extraluminal disease. Clearly there is a need 

for effective information exchange between gastroenterology and general and colorectal surgical 

services. These surgical specialties combined represented the most frequent outpatient services 

accessed by IBD patients, other than gastroenterology, reflecting significant overlap between these 

specialties in the care of IBD patients. Existing communication pathways between these specialties, 

such as IBD multidisciplinary meetings and multidisciplinary clinics, should be encouraged by this 

study. 

 

Previous studies estimate that approximately 10% of IBD patients experience eye problems such as 

uveitis, keratopathy, episcleritis and dry eyes 319,320which may contribute, in part to the frequent usage 

of ophthalmology services by patients in this study. Likewise, rheumatology and dermatology were 

some of the most common outpatient specialty services accessed by patients in this study and may 

reflect the increased predisposition to joint and skin disease in IBD patients303,321–323. Improved 

communication and coordination between specialty services may reduce fragmentation of care and 

enhance continuity for IBD patients. Based on the findings from this study, consideration may be given 

to true multidisciplinary clinics that incorporate care for both intra-and extra-luminal manifestations of 

IBD-associated disease for these patients. For example, a ‘one-stop shop’ clinic at a single institution 
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that includes ready access to gastroenterology, surgical, rheumatology, dermatology and 

ophthalmology services may reduce the burden of moving between several specialties at different 

hospitals for many IBD patients. This would also assist in the delivery and monitoring of novel, 

advanced biologic treatments for inflammatory diseases that are often managed across specialties324. 

5.4.1.4 Age-related differences in care access 

There were differences were seen in the proportion of ‘home provider’ care accessed by IBD patients 

across the age categories measured. Although we had hypothesised that older patients would be more 

likely to attend other hospitals due to increased age-related comorbidities, analyses in this study 

determined that younger patients (<40 years of age) had a significantly lower proportion of care 

encounters with their ‘home provider’. These differences were most prominent in accident and 

emergency encounters, where included patients under the age of 40 attended their ‘home provider’ for 

care on 70.5% of occasions, compared with 89.6% in patients aged 40-70 and 84.9% aged over 70.  

This interesting finding may be explained, in part, by the increased mobility of younger patients who 

may be more likely to live, study, work or travel in regions away from their ‘home provider’ where they 

initially received their gastroenterology IBD care. This finding has important implications for data 

sharing, with this group being more susceptible to deficiencies in the exchange of health information 

between hospitals. Younger patients could therefore be considered as a particularly suitable group to 

target for better access to health records and digital technologies that facilitate this, in the setting of IBD 

care. 

5.4.2 Strengths and weaknesses of study 

This was a retrospective observational study using a large, routinely collected national administrative 

data set from 2013 to 2015. This ‘big data’ source facilitated a novel analysis of transitions of care 

between secondary care settings for IBD patients in England. Limitations of these large administrative 

datasets include issues with miscoding, missing data, process changes, and coding heterogeneity 

between organisations, although any associated bias is somewhat diluted by the large number of patients 

included in this study. As a retrospective dataset, HES data are also limited in breadth and available 

data fields, which affects the potential utility of the data. 

 

When applying these findings to the current population it is important to note that there may have been 

changes to organisational structures and systems in addition to evolving regional demographics in the 
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period since collection of these data. The data used in this study was older than used elsewhere in this 

thesis. This study was conducted in 2018, at which time access to the latest HES data used in other 

thesis chapters was not available. As the output and publications relating to this study also refer to data 

from this period, it was deemed appropriate to report for that period, rather than with more recent data. 

Significant changes in the outcomes assessed would be very unlikely in the period between the reported 

data and latest available HES data. 

 

During patient recruitment and allocation of ‘home providers’ for each patient, some losses at a 

population level may have resulted from the limitation of only being able to recruit patients from 

inpatient encounters. This is reflected in the observation that only around half of the estimated national 

population of IBD patients in England were included in this study. This approach was required as 

disease-specific codes are not allocated to outpatient and accident and emergency encounters within the 

data set. Although many patients recruited in this study would have picked up at the point of endoscopy, 

many patients with quiescent disease would not be undergoing endoscopic procedures within the two-

year recruitment period. Additionally, patients that had existing but inactive disease also may not have 

been allocated an IBD disease code during an inpatient encounter. In essence, only patients receiving 

care for 'active' or more severe IBD may have been recruited. This may be reflected in an increased 

frequency of encounters and care fragmentation for recruited patients which is in excess of the overall 

national population of patients with IBD. 

 

This paper did not examine the reasons for the hospital encounters considered beyond the specialty 

responsible for that care event. This approach provided a clear overview of the services accessed but 

limited more in-depth interpretation of patient encounters, such as relevance of presentations to IBD 

and reasons for readmission.  

 

Transitions of care between hospitals and primary care settings was beyond the scope of this study that 

used only hospital administrative data. These transitions of care between settings, however, remain an 

important care interface for patients with significant implications for data sharing and care coordination. 

Analysis of linked primary care and hospital-level databases may provide additional insights into 

hospital-primary transitions of care within this patient group and assist the important care coordination 

role played by many primary care providers.  

 



 

 177 

Patients under the age of 18 were excluded from analysis in this paper, which was necessary to permit 

an unbiased view of adult IBD patient-sharing. Patterns of disease in the paediatric population may not 

reflect those seen in adults325. Although beyond the scope of this work, research to identify patterns of 

care transitions between paediatric and adult services using the methods developed in this paper may 

improve understanding of this challenging period for many young patients with IBD17,326.  

 

This paper has focussed on simple directed inter-organisational patient sharing connections. Previous, 

more complex healthcare network analysis studies have identified significant heterogeneity within 

patient sharing networks, with certain stakeholders (whether hospitals, or individual clinicians) 

exercising different roles within a care network 19,327,328. More in-depth analysis of the networks studied 

in this paper may offer further insights into patient sharing and further interventions to improve care 

coordination, such as those involving digital technologies. Furthermore, inclusion of existing data-

sharing capacity between providers in a more complex analysis may provide additional value to guide 

future policy development. 

5.4.3 Implications for policymakers, managers and clinicians 

This study has shown that patients with IBD in England frequently have their care distributed between 

several hospital providers. These problems of fragmentation are particularly prevalent in younger 

patients, and those living in areas where there is a high spatial density of providers and associated care 

centralisation. For providers to continue to enact coordinated, efficient and safe care for IBD patients, 

effective data-sharing mechanisms need to be in place. Poor interoperability of health record systems 

between organisations remains commonplace in many healthcare systems, including NHS 

England218,240,253,329. Primary care services have traditionally taken on a care coordination role330, 

however many patients in England find General Practitioner (GP) services difficult to access301 and 

many patents have difficulty seeing the same GP when required. There is increasing momentum towards 

empowering IBD patients to take control of their own health records and disease management. This 

would be a suitable approach for many patients to be able to share their health records when and where 

this is required. This approach, however, requires infrastructure investment and may not be suitable for 

all patients, particularly those with lower health literacy and complex health needs331. Hospital providers 

therefore need to continue to improve interoperability or provide alternative effective data-sharing 

capacity to maintain continuity of care for patients using services across settings. This should be 

supported by policy makers. 
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This study has highlighted a potential role for digital technologies to improve care coordination for 

patients with IBD. Younger patients and those residing in metropolitan areas tend to have their care 

shared between more providers and may therefore be at increased risk of transition of care errors in the 

absence of effective data-sharing practices. These groups are likely to likely benefit most from 

improvements to systems of health information exchange and care integration. Critically, this younger 

patient population may be more willing and able to adopt patient-led tools for medical record keeping, 

and therefore carry their clinical data with them on their mobile devices to be available to clinicians 

wherever they present. Interventions such as the Care Information Exchange and the Patients Know 

Best (PKB) platform used for patients with IBD in North West London allow patients to access their 

own health information through patient-controlled personal health records263. These initiatives should 

be encouraged by policymakers and hospital managers. Clinicians should be made aware of the benefits 

of these systems. This study offers support to raise awareness of the scale of the problem of care 

fragmentation for patients with IBD in England and encourage adoption of innovative systems to 

improve care continuity. 

5.5 Conclusion 

To ensure high quality and safe care for patients with IBD, clinicians should have access to the right 

information about the right patient at the right time. This study used hospital administrative ‘big data’ 

to show that patients with IBD in England frequently transition between different hospital providers in 

multiple settings. These transitions may act as a barrier to accessing relevant, up-to-date patient health 

information and negatively impact care. The findings from this study should encourage and assist the 

development of systems and innovations to enable effective and efficient coordination of care between 

providers that share the care of IBD patients. Patient access to their own care records using digital 

technologies should be encouraged.
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Part 3 – Transitions at the coalface of clinical care  

 - Variation in emergency general surgery consultant on-call rotas and impact of 
transitions of care between providers on emergency laparotomy outcomes 

6.1 Introduction 

This section moves the focus of this thesis from macro, system-level analyses to meso, intrahospital 

provider-provider level care transitions. In chapter two, several interview participants described how 

changes in healthcare providers and teams had a significant impact on the continuity of care they 

received during care transitions. Chapters three, four and five highlighted the frequency and 

implications of transitions of care between hospitals at a healthcare system level. Drawing on some of 

the lessons from these previous chapters, this part of the thesis explores the use of ‘big data’ to identify 

and measure the impact of transitions of care in the intrahospital setting. 

 

The initial chapter of this section uses Hospital Episode Statistics (HES) data to identify intrahospital 

handovers between ‘on-call’ Emergency General Surgery (EGS) consultants working in hospitals in the 

NHS in England. Different ‘rota’ patterns that are identified are then compared across selected 

outcomes using National Emergency Laparotomy Audit (NELA) data. This part of the thesis then 

moves to chapter 7, where complex routinely collected electronic health record (EHR) big data is used 

to identify and measure several transition of care processes within a single hospital. 

6.1.1 Consultant on-call rotas 

Transitions of care between inpatient clinicians have become increasingly frequent in the United 

Kingdom (UK) following the introduction of working time restrictions and a move towards shift-based 

work for clinicians1. Handovers of patient care between providers interrupt care continuity and can be 

a source of errors and inefficiencies, including delays to treatment and prolonged length of stay86,87,332–

335. Consultant surgeons function as the senior member of a clinical team, playing a key role in clinical 

leadership and decision making336337. Research and guidelines supported by the Royal College of 

Surgeons (RCS) of England, the Association of Surgeons of Great Britain and Ireland (ASGBI) and the 

Royal College of Anaesthetists (RCoA) have previously highlighted the importance and benefits of care 

continuity and consultant-led care for emergency general surgery (EGS) patients36,338,339. 
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The organisational structures dictating the periods that consultants lead a team responsible for 

emergency hospital admissions are often referred to as ‘on-call rotas’ in the UK36. The duration of 

consultant on-call rotas vary considerably from daily changeovers (i.e. consultant-of-the-day rotas) to 

weekly changeovers (i.e. consultant-of-the-week rotas)340. These different rota patterns imply 

considerable hospital-to-hospital variation in EGS team dynamics and consultant-level care continuity. 

There is currently no existing national-level data on the distribution of these on-call rotas in EGS.  

Furthermore, there has been limited research into the impact of these different on-call rota patterns on 

patient outcomes. 

6.1.2 Emergency laparotomy 

Emergency laparotomy is a complex major surgical procedure that is performed to provide access to 

intraabdominal pathology with a wide range of indications341. Over 30,000 emergency laparotomies are 

performed each year in the UK, with the majority performed by general surgeons342,343. Compared with 

other general surgical procedures, emergency laparotomy is associated with relatively high mortality 

and morbidity. This often necessitates intensive peri-operative therapy and may result in a prolonged 

length of inpatient stay339. Variation in organisational practice, such as the provision of dedicated EGS 

units, perioperative pathways and processes have been shown to influence outcomes for emergency 

laparotomy patients339,344. The structure of consultant on-call rotas is an additional key perioperative 

factor that has not previously been adequately assessed in the literature. Existing evidence 

demonstrating the impact of perioperative processes on outcomes, and the availability of good quality 

national-level audit data makes the emergency laparotomy patient cohort a suitable group for 

comparison of on-call rotas. 

6.1.3 Aims of this study 

In this study we aimed to determine if more frequent transitions of care between EGS on-call consultants 

negatively impacted on adjusted 30-day postoperative mortality, length of stay and other patient 

outcomes and service processes related to patients that underwent emergency laparotomy in England. 

6.1.4 Objectives of this study 

Objectives of this study targeted the identification and measurement of hospital on-call EGS consultant 

rota patterns and outcomes related to these rotas in the setting of emergency laparotomy. Specifically, 

these objectives were: 
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- Identifying and classifying on-call emergency general surgery consultant rota patterns used in 

NHS hospital in England 

- Measuring the frequency of use of different rota patterns in NHS hospitals in England 

- Comparing characteristics of hospitals using different types of on-call EGS consultant rota 

patterns 

- Measuring the impact of daily EGS consultant handovers on the following outcomes in patients 

that underwent emergency laparotomy: 

o Hospital-level adjusted mortality within 30 days following surgery  

o Postoperative length of stay (LOS) following emergency laparotomy 

o Rates of unplanned return to theatre following initial emergency laparotomy 

o Rates of unexpected postoperative admission to critical care from the ward within 

seven days of surgery 

o Rates of preoperative input by a consultant surgeon when risk of death ³5% (according 

to the Portsmouth predictor modification to the Physiological and Operative Severity 

Score for the enumeration of Mortality and morbidity, P-POSSUM) 

o Rates of consultant presence in theatre when risk of death ³5% (P-POSSUM) 

6.1.5 Definitions 

Care transitions between providers within hospitals are often referred to as ‘handovers’ or ‘clinical 

handovers’, terms which will be used interchangeably with ‘transitions of care’ during this chapter. In 

this chapter, consultant on-call periods are generally referred to as ‘rotas’, a term which is used more 

commonly in the UK1. The term ‘rota’ is synonymous with terms such as on-call ‘schedule’ used in 

North America, and ‘roster’ used in Australia and other healthcare systems345,346. In this study, the 

Portsmouth Physiological and Operative Severity Score for the enumeration of Mortality and morbidity 

(P-POSSUM) score is used as a validated measure of predicted 30-day mortality and morbidity347. This 

scoring system was used in the Fourth Patient Report of the National Emergency Laparotomy Audit 

(NELA), from which outcome data for this study was drawn341. 

6.2 Methods 

6.2.1 Study design 
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This study was a retrospective observational analysis using Hospital Episode Statistics (HES) and 

NELA data. 

6.2.2 Data sources 

6.2.2.1 Hospital Episode Statistics 

HES are patient-level administrative data relating to all public and private patients admitted to National 

Health Service (NHS) trusts in England180. The HES Admitted Patient Care (APC) dataset comprises 

information on all inpatient hospital episodes in English NHS trusts. This dataset includes a 

pseudonymised code corresponding to the consultant responsible for the episode (HES code: 

PCONSULT), the specialty under which the consultant is working during the period of care (HES code: 

TRETSPEF), the admission method (HES code: ADMIMETH) and admission date (HES code: 

ADMIDATE).  Consultant codes associated with each inpatient emergency general surgery episode in 

the 2017-2018 HES dataset, which included admissions between 1 April 2017 and 31 March 2018, were 

used to determine consultant-level admission patterns for emergency general surgery patients for each 

NHS trust and EGS case numbers. 

6.2.2.2 National Emergency Laparotomy Audit 

NELA was established in 2011 to monitor standards of care for patients undergoing Emergency 

Laparotomy348. NHS hospitals in England and Wales submit data to NELA which is collated into an 

annual Patient Report348. This annual report includes aggregate hospital-level data relating to emergency 

laparotomies performed at those hospitals over a 12-month period348. Hospital-level data includes the 

number of cases submitted from each hospital, adjusted 30-day postoperative mortality rates, median 

post-operative length of stay (LOS) in patients surviving to hospital discharge and several additional 

process measures341. Hospital size is provided in quartiles according to the number of total beds 

available in each hospital341. In NELA, hospital-level mortality rates are adjusted for casemix using a 

risk model that was developed for the NELA cohort of patients undergoing emergency laparotomy349. 

Factors included in this adjustment cover basic patient characteristics, preoperative laboratory tests and 

other clinical measurements such as ASA physical status classification (ASA), heart rate and blood 

pressure349. Data accessed for this study was extracted from the Fourth Patient Report of the National 

Emergency Laparotomy Audit, which included patients who underwent surgery  between 1 December 

2016 and 30 November 2017341. 



 

 183 

6.3 Data approval and availability 

Use of HES data for this project was approved by NHS Digital (DARS-NIC-67398-K2Y3T-v2.9) and 

data is available on request from NHS Digital. Institutional support for this study was provided through 

the Imperial College Research Ethics Committee (17IC4178). NELA data were made available by the 

NELA Project Team, through the Royal College of Anaesthetists. Aggregate hospital-level NELA data 

is publicly accessible at www.nela.org.uk. 

6.4 Setting and participants 

This study was set in acute NHS hospitals in England. All hospitals in England that perform EGS and 

had contributed patient data to the Fourth Annual Patient Report of NELA during the period December 

2016 to November 2017341 were eligible for inclusion as participants. 

6.4.1 Variables 

6.4.1.1 On-call rota classification 

Consultant on-call rotas were categorised into groups based on results of a survey conducted by the 

Royal College of Surgeons of England340 and rota patterns observed in the data. We categorised rotas 

into one of four patterns; consultant-of-the-day rotas, consultant-of-the-week rotas, week-weekend 

rotas and two-or-three-day rotas, as described in table 1. These four rotas were then split into two 

groups: single-day rotas and multiple-day rotas, for key comparisons. This single day/multiple day split 

was undertaken to expose any differences in outcomes between rotas with no day-to-day consultant 

continuity and those with some continuity of consultant personnel between days. All outcomes were 

also compared between all four rota classifications. Consultant-of-the-day patterns included those 

where different consultants were on-call for each day of the working week, but a single consultant was 

on call for the weekend. The ‘working week’ was defined as Monday to Friday and ‘weekend’ defined 

as Saturday to Sunday. 

 

 

Description
Single-day rotas

Consultant-of-the-day Different consultant on-call each day of the working week

Multiple-day rotas
Consultant-of-the-week Same consultant on-call for entire 7-day week

Week-weekend rota Same consultant on-call for four or five days during the working week and different consultant on-call for 
two or three days including the weekend (i.e. Friday to Sunday or Saturday to Sunday)

Two-or-three-day rota Consultant on-call for combination of two and three-day periods

Rota Pattern
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Table 6.1 - Classification of EGS consultant on-call rota patterns. 

6.4.1.2 Outcome variables 

The primary outcome for the first part of this study was the number of hospitals using each type of on-

call EGS consultant rota pattern.  

 

The primary outcomes for the subsequent quantitative analysis were hospital-level adjusted mortality 

within 30 days following surgery and postoperative length of stay (LOS) following emergency 

laparotomy.  

 

Secondary outcomes were rates of unplanned return to theatre following initial emergency laparotomy, 

unexpected postoperative admission to critical care from the ward within seven days of surgery, 

preoperative input by a consultant surgeon when risk of death ³5% (P-POSSUM) and consultant 

presence in theatre when risk of death ³5% (P-POSSUM). These outcomes were selected from NELA 

hospital-level aggregate data341. 

 

For hospitals in each rota category we used published NELA data to assess the hospital size (quartiles 

according to bed numbers), the mean number of emergency laparotomies per year and per day. Using 

data from the 2017-2018 HES APC dataset, we also assessed the mean number of EGS admissions for 

hospitals in each group per year and per day and the proportion of laparotomies per EGS admissions. 

6.4.2 Procedure 

6.4.2.1 Identification of hospital-level rota patterns 

For each hospital, all emergency general surgery admissions were extracted from the 2017-2018 HES 

APC dataset.  These were identified as emergency admissions through the ADMIMETH data field in 

HES. General surgery patients were identified through the HES treatment specialty field TRETSPEF. 

The consultant allocated to each admission was identified using the HES consultant field CONSULT. 

 

Daily patient admission frequencies related to each general surgery consultant working at each hospital 

were charted during the study period to provide a graphical representation of consultant on-call rota 

patterns used at each hospital. On-call periods were identified as periodic spikes in admission numbers 

for each consultant as described in Figure 6.1. For each hospital, consultant admission frequency charts 
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were manually reviewed by three researchers. Each hospital was thereby allocated an emergency 

general surgery consultant on-call rota pattern via consensus according to the categories described in 

Table 6.1. 

 

 

 
Figure 6.1 - Hospital rota pattern identification from periodic spikes in admissions for EGS consultants. The top graphs show 

examples of the admission patterns seen for each rota pattern. Each image represents a different hospital using the 

corresponding rota and each line on these graphs represents a different consultant working at that hospital. Numbers on the 

left of the graphs show the number of admissions per day.  The bottom graphs show a ‘zoomed in’ version of some examples 

of these consultant admission patterns for each rota depicted above. 

 

There were several rules developed during classification of rotas. These were developed as a process of 

consensus with three researchers involved in the project. These rules applied to heterogeneity in rotas 

in individual hospitals, multiple on-call consultants working simultaneously and changes in rota 

patterns during the study period.  These are described below, with the aid of figures relating to each 

example: 

 

In one hospital (Bristol Royal Infirmary), ten consultants worked on a week-weekend rota and five 

worked a consultant-of-the-week rota, as shown in Figure 6.2. In this case, the rota associated with the 

highest number of admitted EGS patients was used as that hospital’s predominant rota. 

 



 

 186 

 
Figure 6.2 - Example of heterogeneity of rota patterns within a single hospital. As indicated, some consultants worked a 

consultant-of-the-week rota and others worked a week-weekend rota. 

In several hospitals, consultants shared EGS admissions over the course of multiple days, alternating 

admissions between days. For purposes of studying care continuity, these rotas were classified 

according to the total duration of that admission period, for example, consultant-of-the-week rotas, as 

shown in Figure 6.3.  

 

 

 

Figure 6.3 - Example of a hospital (Norfolk and Norwich University Hospital) where two consultants worked on a consultant-

of-the-week rota but shared admissions on alternating days. Insert square shows weeks where the two consultants admitted 

EGS patients on alternating days. Insert square shows weeks where the two consultants admitted EGS patients on alternating 

days. 

In three hospitals, there was a change in rota during the period assessed, as per the example shown in 

Figure 6.4. In these instances, the rota that was in use for the longer period of time during the HES data 

period was allocated to that hospital.  

 

 

Consultant-of-the-week rota 

Consultant-of-the-week rota 

Week-weekend rota 

Week-weekend rota 
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Figure 6.4 - Hospital trust with a change in rota pattern in September 2017. 

6.4.2.2 Identification of hospital sites in ‘multiple-site trusts’ 

In England, many acute NHS hospital trusts are made up of multiple hospital sites where EGS is 

performed. Several of the trusts that included multiple hospital sites reported patient HES data using 

only a trust-specific code (PROCODE3), rather than the hospital site-specific code (PROCODE5) 

which complicated the extraction of rota patterns for individual hospitals. As seen in Figure 6.5, for 

these ‘multiple-site trusts’, it was apparent that on-call consultants at two different sites were admitting 

EGS patients at the same time, however it was not immediately possible to differentiate between those 

hospital sites to identify the rota pattern used at each hospital. 

 

 
Figure 6.5 - Example of a ‘multiple-site trust’ where consultants at two individual hospital sites were using different EGS 

consultant on-call rota patterns. 

To separate consultants within these trusts into the hospitals at which they worked as EGS consultants, 

we used patient residence data included within the HES dataset. The residential location of each EGS 

patient included in HES was estimated using the Lower Layer Super Output Area (LSOA) of their 

Hospital A 

Hospital B 
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residence. For each consultant working at a multiple-site trust we generated a map of the LSOAs 

corresponding to the patients that they admitted. Correlating these LSOAs with the location of the most 

spatially proximate hospital site enabled us to manually identify which general surgery consultants 

worked at each hospital. Figure 6.6 shows an example of two hospitals in a multi-site trust. Density of 

spatial distribution of residential LSOA locations of admitted EGS patients that attended that hospital 

during the study period is shown in pink/red. Figure 6.7 show an example of how these maps were then 

used to identify the individual hospitals where consultants in multiple-site trusts. 

 

 
Figure 6.6 - The residential LSOAs associated with EGS patients admitted for all consultants working within a ‘multiple-site 

trust’ (Northern Lincolnshire and Goole Hospitals NHS Foundation Trust). The location of two hospitals sites that care for 

EGS patients in the trust are shown in yellow and green. Density of EGS patient resident LSOA is shown, with darker red 

showing higher spatial density. 

 
Figure 6.7 - The residential LSOAs associated with EGS patients admitted for two different consultants working at different 

hospital sites within the same ‘multiple-site trust’ (Northern Lincolnshire and Goole Hospitals NHS Foundation Trust). The 
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left image shows the residential locations of patients admitted by a consultant working at Scunthorpe General Hospital and 

the right image shows patient residences of a consultant working at Diana, Princess of Wales Hospital. 

6.4.2.3 Calculation of emergency general surgery cases per rota 

Using the PROCODE3, PROCODE5, ADMIMETH and TRETSPEF data fields in the 2017-2018 HES 

APC dataset, the total number of general surgery admissions at each hospital were extracted. This 

provided an estimate of the EGS caseload at the included hospitals in each rota group. The proportion 

of laparotomies per EGS admissions was calculated for hospitals in each rota group using the NELA-

reported emergency laparotomy case numbers. In three multi-site trusts where rotas differed between 

hospitals within that trust, the number of EGS cases was split between rotas proportionate to the number 

of laparotomies performed in each hospital within that trust. 

6.4.3 Statistical methods 

Data were summarised using simple descriptive statistics including counts and percentages for 

categorical variables. For normally distributed continuous variables, the mean average and 

corresponding standard deviation (SD) were described. Median average and corresponding interquartile 

range (IQR) were reported for non-parametric continuous data. Statistical analyses were carried out 

using SPSS® (IBM SPSS Statistics, Version 24.0. Armonk, NY: IBM Corp). Nominal variables were 

compared using Student’s t-test for normally distributed variables and Mann-Whitney U test for non-

parametric continuous data. Statistical significance was set at P<0.05. Primary analyses in this study 

directly compared outcomes in single-day rotas with multiple-day rotas. Secondary analyses compared 

outcomes in all four groups of hospital rotas. 

6.5 Results 

6.5.1 Hospital characteristics 

We assessed rota patterns in 153 hospitals that had reported NELA outcomes for 21,543 patients that 

underwent emergency laparotomy during the one-year study period, as illustrated in the Figure 6.8 flow 

chart. There were 176 hospitals that contributed data relating to 22,173 patients that underwent 

laparotomy in England in the 2016-2017 NELA report. As indicated in Figure 6.8, 16 of these hospitals 

(70 cases) were excluded on the basis of insufficient caseload to report outcomes in the NELA report. 

Seven further hospitals (560 cases, 2.5%) were excluded from analysis as the rota pattern used was 

unclear or could not be categorised into one of the defined groups. 
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Figure 6.8 - Hospital inclusion flow chart. 

Table 6.2 shows the numbers, proportions and characteristics of hospitals classified into each rota 

pattern. Summary characteristics for multiple-day rotas and all rotas combined are included. Hospital 

size, according to total bed-number quartiles, was comparable across single and multiple-day rotas. The 

mean number of EGS admissions per day was also comparable between single-day and multiple-day 

rotas (10.9 vs 10.7 admissions per day), indicating that EGS caseload was similar between hospitals 

using different rotas in the primary analysis. The mean number of laparotomies per hospital per year 

was similar between groups (137.9 vs 141.6 laparotomies per year), as was the mean proportion of 

NELA-reported laparotomies per general surgery admissions (4.1% vs 4.0%). EGS caseload and 

NELA-reported emergency laparotomy numbers are illustrated for each rota group. Hospital size, EGS 

caseload and emergency laparotomy numbers were slightly higher in hospitals using a two-or-three-

day rota, but comparable across all other rotas. 
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Table 6.2 - Comparison of hospital characteristics for different types of consultant on-call rotas, all multiple-day rotas 

combined, and all rotas combined. 

6.5.2 Rota Patterns 

The distribution of hospitals using each rota patterns is shown in Table 6.2 and Figure 6.9. Thirty-three 

(21.6%) hospitals were identified as using a single-day on-call rota, with 120 (78.4%) hospitals using 

multiple-day rotas. Seventy-four (48.4%) hospitals used a week-weekend rota, which was the most 

common rota pattern. Twenty-six (17.0%) hospitals used an EGS consultant-of-the-week on-call rota 

pattern and 20 (13.1%) hospitals used a two-or-three-day rota. 

 

Figure 6.9- Frequency of use of different rota patterns in included hospitals. 

Consultant-of-the-
day rota

Consultant-of- the-
week rota

Week-weekend 
rota   

Two-or-three-day 
rota

All multiple-day 
rotas

Hospitals (n) ( % of hospitals) 33 (21.6) 26 (17.0) 74 (48.4) 20 (13.1) 120 (78.4) 153 (100)

Hospital Size (quartiles)* (n) (% hospitals 
using rota pattern)

    1 (small) 8 (24.2) 5 (19.2) 20 (27.0) 2 (10.0) 27 (22.5) 35 (22.9)

2 9 (27.3) 7 (26.9) 18 (24.3) 3 (15.0) 28 (23.3) 37 (24.2)

3 7 (21.2) 6 (23.1) 19 (25.7) 8 (40.0) 33 (27.5) 40 (26.1)

    4 (large) 9 (27.3) 8 (30.2) 15 (20.3) 7 (35.0) 30 (25) 39 (25.5)

    Not Defined . . 2 (2.7) . 2 (1.7) 2 (1.3)

General surgery admissions at hospitals (2017-
2018 HES) (n)

131155 104433 272394 93840 470667 601822

Mean annual general surgery admissions per 
hospital per year (n) (SD)

3974.4 (1879.0) 4016.7 (2368.5) 3681 (1785.4) 4692 (1522.1) 3922.2 (1908.3) 3933.5 (1896.0)

Mean number of general surgery admissions 
per hospital per day (n)

10.9 (5.1) 11.0 (6.5) 10.1 (4.9) 12.9 (4.2) 10.7 (5.2) 10.8 (5.2)

NELA-reported emergency laparotomies in 
hospitals (n)

4552 3399 10228 3364 16991 21543

Mean emergency laparotomies per hospital 
per year (n)

137.9 (50.8) 130.7 (76.7) 138.2 (67.6) 168.2 (56.2) 141.6 (68.5) 140.8

Proportion of NELA-reported laparotomies 
per total general surgery admissions (%) (SD)

4.1 (2.3) 3.6 (1.6) 4.2 (2.7) 3.8 (1.4) 4.0 (2.3) 4.0 (2.3)

Multiple-day rotasSingle-day rotas All rotas

0 10 20 30 40 50 60 70 80

Two-or-three-day rota

Week-weekend rota

Consultant-of-the-week rota

Consultant-of-the-day rota

Number of hospitals

Distribution of rota patterns
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6.5.3 Patient outcomes 

6.5.3.1 Postoperative mortality rates 

Adjusted 30-day emergency laparotomy postoperative mortality rates for hospitals using single-day on-

call EGS consultant rota patterns, compared with multiple-day rotas, are shown in Table 6.3 and Figure 

6.10. The mortality rates for constituent rota patterns and all hospitals combined is shown in Table 6.4 

and Figure 6.11. The mean adjusted 30-day postoperative mortality rate for all 21,543 patients that 

underwent emergency laparotomy across all 153 included hospitals was 9.67%.  

 

There was no difference in mortality rates between hospitals using single-day on-call EGS consultant 

rotas and those using multiple-day rotas (MD 0.39, 95% CI -0.87 to 1.64, p = 0.54) (Table 6.3, Figure 

6.10). 

 

 
Table 6.3 - Outcomes for primary analysis comparing mean adjusted 30-day postoperative mortality rate, postoperative length 

of stay, proportion of unplanned return to theatre and proportion unexpected critical care admission within seven days of 

emergency laparotomy for single-day and multiple-day EGS consultant on-call rotas. 

 
Figure 6.10 - Boxplot of adjusted 30-day postoperative mortality rate (%) comparing single-day and multiple-day rotas. 

Single-day rota 
(n=33)

Multiple-day rotas 
(n=120)

Mean (SD) Mean (SD) MD (95% CI) P-value
Adjusted mortality rate (%) 9.97 (3.19) 9.58 (3.09) 0.39 (-0.87 to 1.64) 0.54

Hospital median post op length of stay 

(days)

10.48 (1.89) 10.54 (2.07) -0.60 (-0.82 to 0.70) 0.88

Proportion unplanned return to theatre after 

emergency laparotomy (%)

6.31 (3.07) 5.90 (3.62) 0.41 (-0.85 to 1.66) 0.52

Proportion unexpected critical care 

admission from ward <7 days post op (%)

4.25 (5.99) 3.25 (2.05) 1.00 (-1.15 to 3.15) 0.35
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Postoperative mortality rates in 74 hospitals that used the most common week-weekend on-call EGS 

consultant rotas was 9.37%, which was comparable with all other rotas. There was no significant 

difference in adjusted 30-day postoperative mortality rates associated with the other rota patterns 

assessed, as illustrated in Table 6.4 and Figure 6.11. 

 

 
Table 6.4 – Outcomes for each rota patterns and all rota patterns combined. 

 

 
Figure 6.11 - Boxplot of adjusted 30-day postoperative mortality rate for each rota pattern. 

6.5.3.2 Postoperative length of stay 

Median length of stay after emergency laparotomy in hospitals using single-day and multiple-day on-

call EGS consultant rotas is shown in Table 6.3 and Figure 6.12. The postoperative length of stay in 

hospitals associated with all individual rota patterns is included in Table 6.4, in addition to the median 

length of stay across all rota patterns combined, which was 10.53 days. Figure 6.13 shows the 

postoperative length of stay across hospitals using all four rota patterns. 

Consultant-of-the-day 
(n=33)

Consultant-of-the-week 
(n=26)

Week-weekend rota 
(n=74)

Two-or-three day rota 
(n=20)

All rotas          
(n=153)

Mean adjusted mortality rate (%) (SD) 9.97 (3.19) 10.55 (3.26) 9.37 (2.99) 9.13 (3.11) 9.67 (3.10)

Mean hospital post op length of stay (days) 
(SD)

10.48 (1.89) 11.06 (2.12) 10.49 (2.15) 10.04 (1.58) 10.53 (2.03)

Mean proportion unplanned return to theatre 
after emergency laparotomy (%) (SD)

6.31 (3.07) 6.36 (3.78) 6.00 (3.88) 4.93 (2.04) 5.99 (3.50)

Mean proportion unexpected critical care 
admission from ward <7 days post op (%) (SD)

4.25 (5.99) 3.56 (2.33) 3.18 (2.03) 3.07 (1.79) 3.46 (3.32)

Median proportion preoperative consultant 
input when risk of death >=5%  (%) (IQR)

97.58 (3.54) 97.13 (7.70) 97.37 (6.35) 96.68 (6.91) 97.32 (2.01)

Median consultant surgeon present in theatre 
when risk of death >=5% (%) (IQR)

95.89 (10.27) 94.26 (12.50) 95.93 (7.32) 95.49 (9.45) 95.54 (3.24)
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In hospitals using single-day on-call EGS consultant rota patterns, the average postoperative length of 

stay was 10.48 days, which was comparable to the 10.54 days in hospitals using multiple-day rotas (MD 

-0.60 days, 95% CI -0.82 to 0.70, p = 0.88). There was no significant difference in postoperative length 

of stay between hospitals using any of the four types of rotas shown in Table 6.4. In the 74 hospitals 

using the most common week-weekend rota pattern, average postoperative length of stay was 10.49 

days. 

 
Figure 6.12 – Boxplot of hospital median post-operative length of stay in patients surviving to hospital discharge (days), 

comparing single-day and multiple-day rotas. 

 
Figure 6.13 – Boxplot of hospital median post-operative length of stay in patients surviving to hospital discharge (days) for 

all rota patterns. 
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6.5.3.3 Unplanned return to theatre after emergency laparotomy 

Table 6.3 shows a comparison of the proportion of patients that had an unplanned return to theatre 

following initial emergency laparotomy in hospitals that use a single-day on-call EGS consultant rota 

and those that use a multiple-day rota. In hospitals using a single-day rota, 6.31% patients had an 

unexpected return to theatre, which was comparable to the 5.90% of patients in the 120 hospitals that 

used a multiple-day rota (MD 0.41%, 95% CI -0.85 to 1.66, p = 0.52). A comparison between all four 

identified rota patterns is shown in Table 6.4. Across all rotas, the mean proportion of patients with an 

unplanned return to theatre after emergency laparotomy was 5.99%. 

6.5.3.4 Unexpected admission to critical care after emergency laparotomy 

The proportion of patients that had an unexpected admission to critical care within seven days following 

emergency laparotomy in hospitals using single-day and multiple-day rotas is shown in Table 6.3. In 

the 33 hospitals using a single-day on-call EGS rota the rate was 4.25%, compared with 3.25% in 

hospitals using a multiple-day rota (MD 1.00%, 95% CI -1.15 to 3.15, p = 0.35). Table 6.4 shows these 

data across all rota types used in hospitals, with comparable rates between all groups. Across all 

hospitals included in the study, the rate of unexpected return to theatre within seven days of emergency 

laparotomy was 3.46%. 

6.5.3.5 Preoperative input by a consultant surgeon 

In the 33 hospitals where a single-day EGS on-call rota was used, the median proportion of preoperative 

input by a consultant surgeon when risk of death ³5% (P-POSSUM) was 97.58% (IQR 3.54), as shown 

in Table 6.5. This rate was comparable to the 120 hospitals that used a multiple-day rota (median 

97.18%, IQR 6.68), p = 0.45). Rates of preoperative input by a consultant surgeon when risk of death 

was ³5% across hospitals using all four identified rota patterns is shown in Table 6.4. There was no 

significant difference between hospitals using each rota. Across all included patients, the overall 

proportion of perioperative consultant surgeon input when risk of death was ³5% was 97.32%. 

 

 

Single-day rota 
(n=33)

Multiple-day rotas 
(n=120)

Median (IQR) Median (IQR) P-value

Preoperative consultant surgeon input 
when risk of death >=5% (%)

97.58 (3.54) 97.18 (6.68) 0.45

Consultant surgeon present in theatre 
when risk of death >=5% (%)

95.89 (10.27) 95.51 (9.04) 0.97
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Table 6.5 - Outcomes for secondary analysis of non-parametric data using Mann Whitney U tests, comparing preoperative 

consultant surgeon input (when risk of death ³5%) and consultant surgeon presence in theatre (when risk of death ³5%). 

6.5.3.6 Consultant presence in theatre 

In the 33 hospitals where a single-day on-call EGS consultant rota was used, the median proportion of 

a consultant surgeon being present in theatre when risk of death ³5%, according to preoperative P-

POSSUM, was 95.89%, as shown in Table 6.5. This was comparable to the 102 hospitals that used a 

multiple-day rota (median 95.1%, IQR 9.04, p = 0.97). Rates of consultant presence in theatre when 

risk of death ³5% was comparable across all four types of rota patterns, as shown in Table 6.4. For all 

included patients, the median proportion of consultant presence in theatre when risk of death was ³5% 

was 95.54%.  

6.6 Discussion 

This study highlights variation in the distribution of emergency general surgery consultant on-call rota 

patterns in England. Using HES data from 153 hospitals, we identified four different types of rota 

patterns that ranged in duration from consultant-of-the-day to consultant-of-the-week rotas. We found 

that 33/153 (21.6%) hospitals used single-day rotas and 120/153 (78.4%) hospitals using rotas that 

involved the same consultant working on-call for multiple days. Despite the additional transitions of 

care associated with daily changes of on-call EGS consultants, there was no associated difference in the 

selected outcomes relating to patients that underwent emergency laparotomy. In this comparison, 

hospitals using single-day on-call EGS consultant rotas demonstrated comparable 30-day postoperative 

mortality, postoperative length of stay, rates of unplanned return to theatre and critical care admissions, 

preoperative consultant input and consultant presence in theatre. 

6.6.1 Comparison with previous studies 

Evidence across multiple healthcare settings has shown that transitions of care are associated with 

medical error and adverse patient outcomes 4,12,179. Over a decade ago in the UK, the introduction of 

policies and guidelines such as ‘The New Deal’ and ‘The European Working Time Directive’ impacted 

the delivery of surgical services by limiting clinician work hours to 48 hours per week45,46. These 

changes stimulated considerable interest in how EGS can continue to be effectively and safely delivered 

despite the additional transitions of care and service changes resulting from a move toward shift 

work36,45. A separation of elective and emergency general surgery services both in the UK and abroad 
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has enabled many surgical units to establish EGS or ‘acute care surgery’ teams, dedicated to the 24-

hour treatment of emergency general surgical conditions335,340,350. Staffing of these units with on-call 

consultant oversight is a challenge that has been addressed using several different approaches, including 

the establishment of dedicated emergency general surgery specialists and rotating consultant 

rotas1,36,335,351. In general, surgical emergencies have been addressed by on-call surgeons with varied 

backgrounds covering a spectrum of general surgical specialties335,351. The divergent backgrounds of 

general surgeons has been shown to contribute to variation in practice and patient outcomes351,352, 

although the impact of the structure of rotas themselves has been less comprehensively studied. 

 

The finding of variation in consultant on-call rota patterns expands upon findings highlighted in a small 

survey conducted by the RCS in 2007 which identified different rota patterns that were used by surgical 

units in the UK340. In this study, by analysing routinely collected administrative ‘big data’, we were 

able to present a more comprehensive national overview of the distribution of EGS rotas.  

 

The heterogeneity in practice between hospitals that this study has shown is consistent with variation 

in other aspects of EGS service delivery and outcomes identified in other studies335,339,353–355. In the 

same emergency laparotomy patient cohort used in this study, Oliver et al. recently showed that other 

organisational factors such as hospital infrastructure, defined perioperative pathways and intraoperative 

consultant care provision influenced outcomes following emergency laparotomy339. Despite the 

differences in team structure and care continuity associated with the variation in rotas seen in this study, 

emergency laparotomy patient outcomes studied did not appear to be affected. This was also the case 

for the measured service-related outcomes, with no difference in the rates of preoperative or 

intraoperative consultant surgeon input when risk of death was estimated at ³5%. 

6.6.2 Explanations for findings 

There are several possible explanations for the heterogeneity in EGS consultant on-call rota patterns 

seen in this study. Service needs may differ between surgical units that range in size, caseload, access 

to services and spatial remoteness341. Individual clinician preference for particular rotas is also likely to 

be a factor. The RCS has previously acknowledged that creating an ‘emergency team’, linked with a 

‘surgeon of the week’ may be a suitable EGS approach, but has also acknowledged that the model 

chosen will reflect local circumstances and a range of issues need to be addressed340. The most common 

rota pattern identified in this study was the week-weekend rota, which was used in 74/153 (48.4%) 
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hospitals. This rota involves one on-call EGS consultant being responsible for EGS admissions for four 

or five days during the week and another consultant for two- or three-day weekend. The popularity of 

this type of rota may reflect the balance between care continuity and workload in the week-weekend 

on-call service pattern. There were some small differences between the 20 hospitals that used a two-to-

three day on-call EGS consultant rota and other hospitals. 15/20 (75%) of the hospitals that used this 

rota were larger hospitals (in the third and fourth quartiles, based on total bed numbers). These hospitals 

also had a higher mean number of EGS admissions and emergency laparotomies per year. These rotas 

may reflect the need for greater distribution of workload in these hospitals, while maintaining at least 

two days of continuity of on-call consultants in these larger hospitals. 

 

In the selected emergency laparotomy outcomes measured in the study, the choice of EGS consultant 

on-call rota appeared to be less important than other service factors that have been shown to affect 

patient outcomes, such as mortality and length of stay339. The findings of comparable patient-level 

outcomes across different rota patterns may be due to several factors which may include a negligible 

impact of consultant-level transitions of care, existing effective shift-to-shift handover processes and 

ongoing postoperative care by other surgical team members. This study examined only one major 

emergency general surgery procedure across a small number of outcomes, and there may be other 

outcomes, or other common procedures or presentations where EGS consultant on-call handovers have 

a greater impact. 

6.6.3 Implications for policy makers, managers, and care providers 

Emergency general surgery represents a large burden of disease globally and accounts for 

approximately 50% of the workload of general surgeons in the UK351,356. There are multiple challenges 

associated with caring for EGS patients, including around-the-clock readiness for comprehensive care 

delivery, increased potential for complexity and complications and limited time for preoperative 

optimisation335,351. Heterogeneity of patient populations and processes defines EGS351. The challenges 

associated with the volume, breadth and complexity of care in EGS necessitates effective and safe care 

transitions335. The delivery of consultant-level care is a key factor in the safe management of EGS 

patients and the structure of on-call rotas is a key aspect of how this care is delivered. Although only a 

single procedure and small number of outcomes were examined in this study, it does provide some 

reassurance that EGS patient outcomes are comparable across different consultant-level on-call rotas 
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used in acute NHS hospitals in England. This is important as consultant-level continuity of care is not 

always practical in the setting of EGS, particularly in busy units with heavy emergency caseloads36. 

 

127/153 (83.0%) of hospitals analysed in this study used rotas that involved more than one EGS 

consultant being on-call each week. This indicates a requirement for regular, effective handover 

procedures between on-call shifts and encourages existing RCS recommendations for handover training 

and support36. Clinicians involved in the care of EGS patients need quarantined time and facilities to 

adequately hand over patients between shifts and teams that patients transition between. Hospital 

managers must ensure that resources are available to promote continuity of care and effective clinician 

handover at all levels of provider seniority.  

 

The use of digital technologies also has a role in the promotion of effective handover strategies357–359. 

The application of digital infrastructure to facilitate communication between clinicians that are handing 

over patients has clear benefits360. Digital applications also have the benefit of rapidly sharing patient 

information and handover issues between the complex, dynamic healthcare teams that characterise 

modern hospital care84. Digital infrastructure that promotes teamwork and sharing of patient 

information should therefore be encouraged by policy makers and hospital managers to support clinical 

handovers in the hospital setting. 

 

Although not directly assessed in this study, there are implications associated with regular consultant 

handovers on EGS supervision and training. Further qualitative research to determine the impact of 

frequent consultant-level care transitions on training for surgical trainees and junior clinicians may be 

of value. 

6.6.4 Implications for research 

There are several issues identified in this study that require further investigation. Firstly, outcomes 

associated with the identified rota patterns in other groups of EGS patients could be compared. 

Comparison across all EGS patients does, however, have restrictions as there is currently no widespread 

accepted definition of an EGS patient and EGS patient groups may vary between hospitals351. A clearer 

consensus on defining EGS study populations, for example, using unique ICD-10 diagnosis and 

procedure codes, will assist in studying processes such as this in a broader context351. The methods used 

in this study to identify rotas using HES should also prompt similar research into the distribution and 
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outcomes associated with on-call consultant rotas in other surgical and non-surgical specialties. 

Research to identify the implications of frequent consultant handovers in EGS of supervision and 

training would also be valuable.  

 

This study has further demonstrated the value of good quality administrative big data. This novel 

approach to identify rota patterns through the use of routinely collected data shows how big data can be 

used to measure some service patterns that traditionally would require resource-intensive qualitative 

research, such as surveys and interviews. Previous surveys of rota patterns in use by EGS teams in the 

UK were limited by response rates, an issue that is bypassed by the novel use of big data as seen in this 

study45. The approach used in this study should stimulate further research using similar methods in other 

specialties or care settings both in the UK and abroad. 

6.6.5 Strengths and limitations of the study 

Through analysis of routinely collected Hospital Episode Statistics, this study provides a comprehensive 

overview of general surgery consultant on-call rotas in England. The use of administrative data and 

national audit data facilitated comparison of outcomes in a large, national, multi-centre patient cohort 

including most hospitals in England that perform emergency laparotomy. We developed a rota 

classification which was able to include 153/160 (95.6%) of hospital rotas assessed. 

 

Emergency general surgery consultant on-call rotas were used as a proxy for handovers in this study as 

a novel, measurable handover variable. Such variables can be challenging to identify and measure in 

handover research361,362, particularly across organisations. There were some limitations of using this 

variable as a proxy for handover, however. A limitation of the use of administrative data to measure 

‘handovers’ was the inability to determine which consultants manage the day-to-day care of EGS 

inpatients. In some sites, the admitting consultant or their team may continue to see the patients that 

they admitted each day during their admission rather than handing over emergency surgical patient care 

to a different on-call surgeon. We were also unable to determine the structure of care provided by 

surgical registrars and other more junior surgical team members. In some hospitals these ‘acute surgery’ 

teams may remain constant, whereas in others care for acute patients may also be ‘handed over’ to other 

teams when changes in on-call consultants occur between and within weeks. Another limitation of this 

research was the availability of a relatively limited set of hospital-level processes in NELA aggregate 

data and the self-reporting of organisational variables. It is possible that some hospital services may 
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have been reconfigured since the study period. Another potential source of error may have arisen due 

to trust mergers or de-mergers that occurred during the study period, although the number of these 

occurrences is likely to be small. Associations identified in this study may suggest, but are not 

demonstrative of, causality, due to the observational nature of the work. Several factors that may 

influence outcome, including patient-level factors and hospital-level service factors, such as bed access 

pressures, need to be considered. 

 

Using NELA outcome data, rather than identifying emergency laparotomy outcomes directly from HES 

had both advantages and limitations. The use of NELA data to compare patient outcomes ensures 

generalisability across hospitals in England in the setting of emergency laparotomy patients. The use of 

NELA also provides additional service-level data, such as consultant presence in theatre and unexpected 

critical care admissions, that are not included in HES data. Using NELA also ensures that a more 

homogenous group of true emergency laparotomy procedures was included, which would have been 

difficult to achieve with HES due to the limitations associated with coding these procedures. 

Standardised documenting procedures outlined through NELA also avoided errors from hospital-level 

condition and procedure coding variation associated with HES. By extracting and individually 

analysing individual hospital sites from trusts with services split between hospitals we were able to 

avoid some of the associated limitations identified in other surgical research using HES363.  

 

Limitations of using NELA include the observation that not all patients that undergo emergency 

laparotomy in England are captured in the NELA dataset341,349. Previous studies have found that 

approximately 70% patients included in HES as having an eligible emergency laparotomy were 

included in NELA349. The numbers of laparotomies that are performed in each group of hospitals 

reported in are likely to be slightly higher than indicated in Table 6.2. It is unlikely that this NELA 

reporting loss would have an impact on the outcomes between rota patterns, although this needs to be 

considered as a potential source of bias. There was a four-month discrepancy between the dates used 

for the NELA and HES APC data used to calculate EGS admissions per hospital per year. As indicated 

in the methods section and in Table 6.2, the EGS caseload per hospital provides an estimate for each 

group of hospitals performing emergency laparotomies during that time, although the effect of this on 

comparison between rota patterns is likely to be negligible. This discrepancy was unavoidable in this 

analysis due to the imposed dates of the available NELA and HES datasets. The NELA dataset also 

only reports on a selected number of outcome measures, many of which may not be impacted by 
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consultant handovers. Other important outcomes relating to handovers, including lower-grade 

complications and patient experiences of care, are not captured in NELA data and may be more exposed 

to handover omissions or errors. 

6.7 Conclusion 

This study identified considerable variation in EGS consultant on-call rota patterns in NHS hospitals in 

England. EGS rota patterns were classified into four broad categories ranging from consultant-of-the-

day to consultant-of-the-week rotas. Despite the additional transitions of care associated with 

consultant-of-the-day rotas, these did not appear to impact negatively on the emergency laparotomy 

outcome measures examined in this study. Service processes such as preoperative consultant input and 

consultant presence in theatre were also comparable across EGS on-call consultant rotas. This study 

suggests that the specific consultant on-call rota pattern used by hospitals are likely to be less important 

than other service processes in EGS. Where transitions of care are frequent and care continuity is 

interrupted, effective handovers should be undertaken to promote safe and high-quality care for EGS 

patients. 

 

The research described in this chapter applied quantitative analysis to big data in the setting of 

intrahospital transitions of care. Data used in this chapter was of a high quality and comprehensive at a 

national level. When applied to intrahospital processes it was, however, limited in breadth and detail. 

Following the theme of intrahospital transitions of care, the next chapter in this part of the thesis uses a 

more complex electronic health record big data set to explore several additional intrahospital care 

processes. 
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 - Measuring intrahospital transitions of care using routinely collected electronic health 

record ‘big data’ 

7.1 Introduction 

This chapter examines the use of routinely collected electronic health record (EHR) ‘big data’ to 

identify, measure and evaluate the composition of hospital care teams and intrahospital transitions of 

care processes. The research reported in this chapter moves the attention of this thesis to the ‘meso-

level’, provider-provider and provider-patient interactions that exist at the coalface of clinical care. The 

focus of this chapter is on interactions between multi-disciplinary providers, patients and EHRs that 

coalesce as a modern sociotechnical hospital ecosystem. 

 

There are many players involved in the care of an individual hospital patient, although the specific 

composition and roles of hospital providers is dynamic, complex and variable between different 

healthcare teams and hospitals. Traditional direct observational methods of examining interactions 

within these teams and transitions of care between healthcare providers are limited in both scope and 

scale due to the considerable resources that research using those methods require. Many of these 

traditional observational methods are also challenged by the complex sociotechnical systems within 

which modern hospital care exists. Although the problems associated with transitions of care are human 

problems, there are potential technical solutions to better measure and improve them. The age of digital 

medicine has presented new opportunities to investigate healthcare processes and networks. The 

descriptive work outlined in this chapter explores the application of ‘big data’ analytics to routinely 

collected EHR data to identify, measure and better understand the complex, multi-faceted processes 

that underlie transitions of care within hospitals. 

7.1.1 The complexity of modern hospital care 

Modern hospital care is a hugely complex and poorly understood resource106. It is an information 

intensive process in which high quality care is delivered by a large and dynamic care team spanning 

many different roles and responsibilities49,364. Understanding the networks of providers that deliver 

hospital services is increasingly important as the size of care teams and frequency of inpatient clinical 

handovers continue to expand in most modern healthcare systems 45,46,336,365. Through the integration of 

EHRs and other digital technologies, many hospitals now deliver care through increasingly complex 

sociotechnical systems107. Sociotechnical systems include dynamic, mutual influences from the social 
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subsystem (people, tasks, relationships), the technical subsystems (technologies, work settings, 

techniques) and their social and organisational environments108,366. Examining these social, human 

interactions through the lens of technology provides a new perspective on how providers work within 

the hospital sociotechnical system. 

7.1.2 Collaboration networks in modern hospital care 

Healthcare processes, such as transitions of care, often involve many individuals communicating and 

working together in social structures known as collaborative networks2,37,86. Studying these can help us 

to understand the relationships, interactions and co-dependencies of individuals within a network across 

a range of activities and settings367,368. This has been done for specific care teams and patient groups, 

but not at a hospital level within the UK NHS 364,369,370.  Identifying, measuring and understanding the 

composition and roles of individuals within these collaborative networks requires good quality, 

comprehensive data371. Direct observational research has been the predominant method used in existing 

research to examine provider-provider collaboration but may fail to capture the breadth and complexity 

of modern healthcare teams. New approaches to understand these networks that leverage existing data 

and maintain relevance to the increasingly digital nature of modern healthcare are necessary. 

7.1.3 Communication between hospital care providers  

If healthcare providers are the cogs that drive the machine of modern hospital care, communication is 

the oil that allows those cogs to move together. The continuous flow of complex information between 

hospital providers is supported by high-quality communication to ensure the safe delivery of care372. 

Communication is both a cause of, and a resource to prevent threats to patent safety373. 

Miscommunication during transitions of care is one of the most common causes of medical 

error7,14,79,83,374–380. Adverse events associated with errors during ‘handoff’ or ‘hand-over’ of patients to 

other providers are well documented in the literature 79,362,372,375. Failures in communication during these 

processes can and do have serious and damaging implications for patient safety381,382, whilst well-

coordinated and collaborative healthcare improves clinical outcomes and reduces costs361. 

 

With an estimated 100 million clinical handovers in the UK healthcare system every year383, any 

improvements to the quality of communication between providers can have a considerable impact on 

health system outcomes. There remains, however, a paucity of data on when, how and why interactions 

between healthcare providers occur, and what that the nature of those interactions are. This study 
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proposes that much of the communication between hospital providers now exist digitally through the 

EHR and would, therefore, not be identified using traditional observational methods. By using EHR 

data, this study aimed to provide a more complete picture of the care teams and the relative roles of 

providers that interact within hospital ecosystems. 

7.1.4 The potential for information technology to measure and transform the delivery of hospital 

care 

There is a growing recognition that information technology may hold the key to improvements in 

quality of care and patient safety384. The delivery of healthcare is undergoing a profound transformation 

with a drive towards a ‘paperless’ National Health Service (NHS) being a key policy objective in the 

United Kingdom222,237,385. New digital tools have the potential to improve all aspects of healthcare 

delivery from diagnosis, decision making and treatment, to administration, collaboration and 

communication89,386–388. Digital technologies, including EHRs, have a clear role to play in improving 

the speed and quality of communication during intrahospital handovers and care transitions 27,357–359,389. 

There are several examples of emerging digital platforms focussed on digitalising intrahospital 

communication and reducing reliance on outdated technology such as pagers and fax machines in 

hospitals137. Many of these technologies function outside the patient’s EHR and remain challenging to 

capture and measure at scale. Understanding how providers interact with, and communicate through, 

existing digital infrastructure is critical to understanding the role and potential applications of these 

emerging digital communication platforms.  

7.1.5 Healthcare teams - the ‘Clinical Care Team’ 

The concept of a ‘clinical care team’, comprising a network of care providers that have face-to-face 

interactions with a particular patient is a concept well understood by most providers and recipients of 

healthcare. Most patients will recognise, for example, the doctors, nurses, physiotherapists and 

pharmacists with whom they interacted during their hospital stay. This perspective on a care team, 

however, fails to acknowledge that a large part of modern clinical care, including provider-provider 

interactions, handovers and transitions of care, occurs digitally, through electronic health records or 

digital communication applications390. Modern care teams involve many ‘behind the scenes’ care 

providers, such as administrative staff, radiologists, pathologists, care coordinators and doctors that 

electronically order medications or investigations in the absence of a face-to-face interaction with the 
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patient. Understanding interactions and transitions of care between these providers requires a novel 

observational approach that taps into the increasingly digital nature of modern hospital care. 

7.1.6 Introducing and defining the ‘Digital Care Team’ 

Mapping provider networks within a hospital may allow us to define a ‘digital care team’ by 

investigating those individuals who interact electronically with a patient via the EHR during the course 

of their stay. Measuring these interactions and the relative roles of different providers can provide useful 

insights into the functions of the ‘clinical care team’ without the requirement for direct observation364. 

EHRs therefore represent a new opportunity to examine clinical processes and inform quality 

improvements391,392, whilst acknowledging that there are likely to be other digital platforms through 

which clinicians may communicate360. A small number of previous studies have attempted to identify 

care teams from electronic health records, although these have largely been focussed on specific 

specialties and include small numbers of patients 364,392–394. Analyses of the digital footprints relating to 

EHR events can be used to highlight the specific roles of different provider types. This may facilitate a 

more in-depth understanding of transition of care processes such as shift-to-shift handovers and hospital 

discharges, providing insights into why these processes are often a risk to patient safety, and how they 

can be improved. At an organisational level, understanding digital care teams, processes and workflows 

may be used to improve organisational performance and improve efficiency. 

7.1.7 Identifying intrahospital transition of care research priorities 

Previous research has highlighted that intrahospital care processes, including transitions of care, are 

numerous, varied and complex395. For health systems research to be targeted at the most common and 

important care processes, perspectives from key stakeholders (including patients, providers, 

administrators and academics) are required396–398. With this in mind, prior to commencement of data 

analysis in this study, a wide range of perspectives on intrahospital transitions of care were sought 

through a multi-stakeholder engagement event. Output from this process informed the focus of 

subsequent analyses of EHR data in this research work. 

7.1.8 Definitions 

Where applicable, terminology used in this chapter reflects definitions used in HES Admitted Patient 

Care (HES APC) data and the NHS Data Dictionary127. For example, inpatient encounters are referred 

to as ‘spells’ - the total continuous hospital stay of a patient during which medical care is the 
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responsibility of one or more consultants, or the patient is receiving care under one or more nursing 

episodes or midwife episodes399. Similarly, the term ‘hospital stay’ refers to the time a patient stays on 

one hospital site during a ‘spell’400. Each new admission reflects a new patient spell. In this chapter, the 

term ‘episode’ refers to a ‘consultant episode’; the time a patient spends in the continuous care of one 

consultant401. As referred to in the NHS Data Dictionary, a ‘consultant transfer’ occurs when the 

responsibility of a patient transfers from one consultant to another within a hospital provider spell. In 

this case one ‘episode’ ends and another begins401. In this chapter, the terms ‘handover’ and ‘handoff’ 

describe the process of communicating information and transferring clinical responsibility and authority 

between health care providers47,402. Movement between clinical areas in hospital, including wards, 

Accident and Emergency department, Intensive Care Unit, operating theatres and investigation suites 

are referred to generically as ‘ward transfers’ or ‘intrahospital transfers’, for simplicity. These 

definitions are consistent with those used in other recently published research on patient movement 

within hospitals403,404. 

7.1.9 Hypothesis 

The research hypothesis for this project is that the composition and roles of digital care teams, and 

transitions of care within and between healthcare providers, teams and hospital areas can be identified 

and measured using routinely collected EHR data. 

7.1.10 Aims 

The principal aim of this study was to determine if routinely collected EHR ‘big data’ could be used to 

identify, measure and evaluate the composition and roles of ‘digital care teams’ and intrahospital 

transition of care processes. 

7.1.11 Objectives 

In order to fulfil the stated aim, the objectives of this this study were to: 

- Work with healthcare stakeholders to identify research priorities relating to intrahospital 

transition of care processes 

- To test data collection, extraction and processing of routinely collected EHR data to facilitate 

a network analysis of healthcare delivery 

- To define, identify and measure the ‘digital care team’ that interacts with EHR of patients in 

the hospital setting 



 

 208 

- To identify, measure and visualise collaborative EHR usage in an acute NHS hospital 

- To identify and measure trends in how the EHR system is used by different provider types 

- To visualise and describe variation in the composition and activity of digital care teams over 

the working week  

- To compare the composition and digital activity of different care teams by specialty 

- To identify and measure personnel, timing and processes involved in shift-to-shift handovers 

using routinely collected EHR data 

- To identify and measure personnel, timing and processes involved in discharges from hospital 

using routinely collected EHR data 

- To identify and measure ward transfers using routinely collected EHR data 

- To explore how mapping the ‘digital care team’ in an acute hospital might be used to identify  

specific areas for targeted interventions to improve the quality, efficiency and consistency of  

care  

7.2 Methods 

7.2.1 Design 

The core component of this study used a retrospective observational cohort study design. 

 

A multi-stakeholder engagement event using a modified focus group design was conducted prior to 

EHR analysis to determine the key intrahospital transition of care processes to be studied. Details of 

this process are outlined below in the procedures section. 

7.2.2 Participants 

7.2.2.1 Inclusion Criteria 

Participants included in the EHR analysis were adult patients involved in an inpatient spell at St Mary’s 

Hospital (SMH) during a 2-week period in 2018. This included patients that were admitted to short stay 

areas in accident and emergency (AE). 

7.2.2.2 Exclusion criteria 

Patients under the age of 18 and those admitted under a mental health unit were excluded from analysis. 

Admitted patients that had no EHR events recorded during their spell were also excluded. Patients that 
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attended accident and emergency (AE) but were not admitted to the hospital or short stay areas were 

excluded. 

7.2.3 Setting 

The setting for this study was acute hospital-level inpatient care. SMH is an approximately 500-bed 

teaching hospital in Central London and is part of the Imperial College Healthcare NHS Foundation 

Trust (ICHNT). ICHNT uses the Cerner Millennium EHR platform (Cerner Corporation, Kansas City, 

USA) and is a ‘paperless’ organisation with all day-to-day care delivery being delivered through the 

EHR, thus providing the required electronic infrastructure to conduct this retrospective analysis. 

7.2.4 Data source 

Data for this study was extracted from the ICHNT Cerner Millennium system via the ICHNT Enterprise 

Data Warehouse (EDW) and included all structured and unstructured EHR event and order data entered 

into this system for patients that met the inclusion criteria. Data attributes included the event type, event 

description, day of the week, time, patient location within hospital, clinical unit and specialty that the 

patient was being treated under at the time of each event. In addition, we extracted the admission type 

(emergency or elective), length of stay (days) and discharge disposition of each participant. For each 

EHR event, we also extracted provider details associated with performing the event, including a 

pseudonymised unique provider ID, provider type and provider role. All data was pseudonymised and 

the specific dates of participant recruitment from institutional data was supressed to maintain data 

security. 

7.2.5 Ethical considerations 

Full ethical approval for this study was granted by the Imperial College Joint Research Compliance 

Office (JRCO) and the Health Research Authority (HRA) (IRAS 234534). Institutional approval for 

this study and data extraction was provided through ICHNT. This study was conducted in accordance 

with the recommendations for physicians involved in research on human subjects adopted by the 18th 

World Medical Assembly, Helsinki 1964 and later revisions405. 

7.2.6 Confidentiality and data storage 
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This study utilised routinely collected EHR data that was not identifiable to the researchers. 

Pseudonymised raw EHR data were stored, processed and analysed on the secure Department of 

Surgery and Cancer Big Data Analytical Unit (BDAU) server as per local and national best practice192. 

7.2.7 Outcomes 

Due to the exploratory and descriptive nature of this work, outcomes were intentionally broad. General, 

pre-defined outcome measures for this study were: 

• Descriptive characteristics of included patients, providers and EHR events – number and types 

of providers, number of patients, number of EHR events per specialty, admission type, hour of 

the day and day of the week, types of EHR events and distribution between provider types and 

specialties.  

• Digital care team characteristics – size and composition of digital care teams per admission 

type, specialty and length of patient hospital stay, distribution of EHR activity within digital 

care teams. 

Additional transition of care process-specific outcome measures including the frequency and timing of 

clinical handovers, shift-to-shift handovers, ward transfers and completion of discharge summaries 

were included following identification of these key transition of care processes. 

7.2.8 Procedure 

7.2.8.1 Identifying key intrahospital transition of care processes to study 

Within hospitals, transitions of care, as defined in this thesis, exist between several different types of 

providers, teams, hospital locations and settings. To identify and examine all of these possible 

transitions of care was beyond the scope of this study. To ensure that this research focussed on key 

transition of care processes relevant to day-to-day clinical practice and that outcomes were relevant to 

both healthcare consumers and providers, a multi-stakeholder engagement event was undertaken prior 

to EHR data analysis406. 

7.2.8.2 Multi-stakeholder event recruitment 

This multi-stakeholder engagement event was advertised through public, hospital trust (clinical) and 

university (academic) channels to ensure attendance by a broad range of relevant stakeholders, 
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including, but not limited to, patient representatives, clinicians, academics and industry representatives. 

Registration for the event was facilitated through an online portal. There was no charge for attendees 

and food and drink was provided. At the point of registration, participants were informed that they 

would be invited to participate in data collection activities during the event. Resources for this event 

were provided by the Patient Safety Translational Research Centre (PSTRC) and the Improvement 

Team at Imperial College Healthcare NHS Trust (ICHNT). 

 

This event, titled Collaborating for Quality: Using Health Record ‘Big Data’ to Measure and Improve 

Transitions of Care was attended by 31 participants from a broad range of backgrounds. A list of 

participant backgrounds and affiliations is included in Appendix 5 and images from the event are 

included in Figure 7.3. 

7.2.8.3 Aims of multi-stakeholder engagement event 

Three data-gathering activities were undertaken during the event. The aims of these activities were to 

(1) identify intrahospital transitions of care, (2) develop research priorities for intrahospital transitions 

of care and (3) identify the relevant providers and roles involved in five transition of care processes that 

were highlighted as research priorities. 

7.2.8.4 Multi-stakeholder engagement event data collection procedure 

All activities were conducted using a modified-focus group method - a commonly used and validated 

approach for stakeholder engagement in research and service improvement73,217,407–409. An open, 

inductive data-collection approach was used throughout. Four multi-disciplinary groups of seven to 

eight participants were formed. For the first activity, groups were given twenty minutes to collectively 

compile a list of intrahospital transition of care processes. These same groups were then asked to 

highlight, from this list of processes, five types of care transitions that they felt should be a key research 

priority. This was followed by a whole-group discussion, through which an extensive list of 

intrahospital transition of care processes as identified by all groups was collated. Research priorities, as 

identified by each group, were scored, and a ‘top four’ list of transition of care research priorities was 

developed. Small multi-disciplinary groups were re-formed, and each group was allocated one of the 

five transition of care processes to discuss in more depth. In this final activity, groups were asked to 

develop a list of healthcare providers involved in this transition of care process, and what was required 

of each provider type to ensure a safe and high-quality transition of care. Findings from each activity 
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are reported in the results section below. As this event was a patient and public involvement and 

engagement (PPIE) and service improvement activity, no further ethical approval was deemed 

necessary for this aspect of the study. 

 

Results from the multi-stakeholder engagement event were used to guide the EHR data analysis section 

of this study. As outlined below, the key transition of care processes that participants identified as 

research priorities were examined in detail using the described EHR dataset. The lists of healthcare 

providers and roles during each of the five key processes were then used to guide data exploration and 

analysis of each transition of care. 

7.2.9 EHR data processing procedure 

7.2.9.1 EHR data extraction pipeline 

Figure 7.1 shows the data extraction and processing pipeline used in this study. EHR data were initially 

extracted from the hospital trust data warehouse using comma separated value (.csv) files and 

transferred to the secure Imperial College Big Data and Analytical Unit (BDAU). Several iterations of 

the dataset required extraction due to identified deficiencies and inconsistencies in the initial datasets. 

 

 
Figure 7.1 - Data extraction and processing pipeline. (Abbreviations: EHR - Electronic Health Record, ICHNT – Imperial 

College Healthcare NHS Foundation Trust, BDAU – Big Data and Analytical Unit). 

7.2.9.2 Data cleaning 

Following manual review of summaries of each data field, data cleaning was undertaken to remove 

duplicate events and extraneous data points as determined by two clinician researchers. Data cleaning 

included removal of events labelled ‘???’ and duplicate note events titled ‘mdoc’ which accompanied 

each note recorded by providers. Any data that was logged on patient’s EHR prior to their recorded date 

and time of admission was also removed during data cleaning. To comply with project data approval 

for inpatient spells only, this included removal of EHR events occurring in the accident and emergency 

department prior to the patient being admitted to hospital. 
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7.2.9.3 Participant recruitment from EHR data 

Patient participants were recruited into the study from the cleaned dataset according to the defined 

inclusion criteria. Patients with no recorded EHR events were excluded. Where comparisons between 

different groups of patients were made, for example, medical patients and surgical patients, patients 

were recruited into each group according to the specialty under which the patient was admitted at the 

time of the recorded EHR events. 

7.2.9.4 Analysis of EHR data and statistical methods 

Following transfer from the ICHNT data warehouse to the BDAU and data cleaning, analysis was 

undertaken using Python (Python Software Foundation, Delaware, USA)194. Python packages Pandas, 

NumPy, Matplotlib and NetworkX were used. Standard descriptive statistics were employed together 

with appropriate statistical tests to compare network characteristics across the working week. As most 

outcome data followed a skewed, nonparametric distribution, medians were generally used as the 

preferred measure of central tendency and interquartile ranges as a measure of spread. 

7.2.9.5 Defining and classifying provider roles 

To identify and measure interactions between healthcare professionals, data exploration was undertaken 

to define and classify different groups of providers. Data extracted from the EHR provided two levels 

of provider roles in separate data fields. In an initial version of the data, only broad, generic provider 

roles such as ‘Medical Officer’ and ‘Clerical’ were defined. Due to deficiencies and ambiguity in these 

provider descriptions, a second, more specific cut of provider roles was able to be obtained subsequently 

through a revised dataset. This included 84 more detailed provider categories that identified the specific 

provider role, and in some cases, level, such as ‘Registrar’ or ‘Core Trainee Doctor’. These specific 

roles were reviewed manually by three clinicians in order to classify them back into general provider 

groups - Allied health, Clerical and administration, Doctors, Healthcare assistants, Nursing and 

midwifery, Other, Pharmacy and System users. A list of all provider roles and classifications within 

this data frame is included in Table 7.1. Each role was manually audited by reviewing the proportion 

of event types for each role. This process identified that the observation tasks performed as part of the 

‘Medical Secretary Access Role’ and ‘Admin/Clinical Support Role’ were more consistent with that of 

a ‘Healthcare Assistant’, rather than those in the ‘Clerical and Administration’ category and were 

therefore recategorized into the ‘Healthcare Assistant’ role. The reason for this discrepancy in 

role/events was hypothesised to be that the Cerner system access login and ‘Smart Card’ that is 
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frequently left ‘logged in’ at a clinical workstation computer by these clerical staff may be used by 

Healthcare Assistants to record observations. Two provider roles referred to access roles from a 

different trust (Chelsea and Westminster NHS Foundation Trust; Code RQM): RQM Clinical 

Practitioner Access Role and RQM Medical Secretary Access Role. This either reflects these providers 

accessing these patient’s records externally through the shared record with that Trust, or those providers 

providing in-person cover at SMH. These complexities of the analysed data were typical of ‘big data’ 

sources as described earlier in the thesis.
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Table 7.1 - Categorisation of provider roles recorded in EHR system. Abbreviations: YR1 - Year one, YR2 - Year two, PCT - Patient Care Technician, RMN - Registered Mental Helath Nurse, 

ODP - Operating Department Technician, PA - Physician Assistant, HCA – Healthcare Assistant, MSW – Medical Social Worker, IP – Inpatient, A+C – Admin and Clerical, DBA – Database 

Administrator, MDT – Multidisciplinary Team, CONTRIBUTOR_SYSTEM – External IT system contributor to EHR system.

Doctors Nursing and Midwifery Allied Health Healthcare Assistants Pharmacy Clerical and Administration System Other

Clinical Fellow (Doctor) Midwife Access Role Clinical Psychologist HCA Locum - Pharmacist A+C CONTRIBUTOR_SYSTEMBiomedical Scientist Access Role

Clinical Practitioner Access Role Nursing Associate (Trainee) Counsellor PA Pharmacist Bank Access Role Co-Sign Account

Consultant (Doctor) PCT Dietetic assistant Phlebotomist Pharmacist/IP Cical trials Coordinator Generic Worker (Unreg)

Core Trainee (Doctor) RM Dietician Physician Assistant Pharmacy Assistant Clerical Access Role Health Professional Access Role

Foundation YR1 (Doctor) RMN Locum - Dietician Registered ODP Pharmacy Technician Clerk Healthcare Scientist

Foundation YR2 (Doctor) RN Locum - Occupational Therapist Surgical Care Practitioner Pre-registration Pharmacist Clinical Coder Housekeeper

Locum - Consultant (Doctor) RNOB MSW Medical Secretary Access Role Clinical Coder Access Role MA

Locum - Doctor Student (Midwife) Occupational Therapist Admin/Clinical Support Role Clinical trials Coordinator OCA

Medical Student Student (Nurse) Occupational Therapy Assistant DBA Researcher

Specialist Trainee (Doctor) Physiotherapist Demographic Administrator RQM Clinical Practitioner Access Role

Staff Grade (Doctor) Physiotherapy Assistant Health Records Manager Access Role RQM Medical Secretary Access Role

Assoc. Specialist (Doctor) Podiatrist Manager SM

Radiographer MDT Assistant

Rehab Assistant Medical Secretary

Social Worker Receptionist

Speech and Language Therapist Receptionist Access Role

Student Occupational Therapist Senior Manager

Student Physiotherapist

Support Worker
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7.2.9.6 Classifying specialties for comparison 

To compare the composition and activities of different specialty teams under which patients were 

admitted, individual subspecialties were classified into five ‘specialty groups’; medicine, surgery, 

obstetrics and gynaecology (OG), critical care medicine (CCM) and accident and emergency (AE). 

Subspecialties were categorised into specialty groups by two clinician researchers and discrepancies 

were determined by consensus. The classification of subspecialties into specialty groups is included in 

the results section in Table 7.5. 

7.2.9.7 Exploring interactions between healthcare providers 

To identify and measure handovers and other interactions between healthcare professionals, data was 

explored to better understand collaborative networks, or ‘teams’ of providers, involved in the care of 

hospital patients. Using EHR data made it possible to define, identify and measure the ‘digital care 

team’ and the relative roles of members of these teams across different specialties. In this study, the 

‘digital care team’ was defined as the team of providers who interact electronically with a patient via 

their electronic health record (EHR) during the course of that patient’s hospital spell. Identification of 

these teams aimed to provide novel insights into complexities associated with interactions between 

providers caring for inpatients and how these relate to transitions of care between providers, teams and 

settings. In this section, analyses therefore focussed on measuring the size and composition of digital 

care teams, and the roles of different provider types in providing clinical care. 

7.2.9.8 Identifying and measuring digital care teams 

The size of digital care teams was identified by calculating the number of unique providers that 

interacted with the EHR for each patient spell. The median size and interquartile range of digital care 

teams was calculated for all patients and also compared between different specialties and medical and 

surgical specialty groups. The size of care teams was plotted against inpatient length of stay to better 

understand how patients accumulate care providers over the course of their hospital stay. 

 

The composition of different provider types within digital care teams was calculated for all patients and 

compared between medical and surgical patients. The composition of digital care teams for several 

unique patients that were admitted for 10-day inpatient stays was determined. Ten days was selected as 

an arbitrary admission length for these patients to sufficiently demonstrate the potential complexity of 
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care teams for patients with longer hospital admissions. These care teams were illustrated using 

pictographs, a data visualisation format previously shown to be effective in communicating healthcare 

information to patients410–413. 

7.2.9.9 Measuring EHR usage patterns by digital care team provider roles 

To establish the relative roles of different providers that function within the digital care team, EHR 

usage patterns according to each provider type were identified and analysed. All unique event titles in 

the raw data were manually reviewed by two clinician researchers and reclassified into one of nine 

event-type categories. These EHR event type categories, described in Table 7.2, were determined 

following an initial analysis of the data and discussion between the same two clinician researchers. For 

comparison between provider roles, order data was combined into a single group. For comparison within 

provider groups, for example, comparisons between levels of doctors, order event data was separated 

into the six groups outlined as sub-groups in Table 7.2. To provide a comparison of the relative roles 

of providers within the digital care team, frequencies and proportions (%) of event type per provider 

role were calculated and presented in bar charts and radar plots. 

 

 

EHR event type Event type sub-group Description of category

Checks Patient checklists and automated forms integrated within the EHR system 
(including preoperative checklists, discharge checklists, pressure sore 
checklists, medication checks etc.)

Laboratory results Processing and entering of investigation results (including blood tests, urine 
tests, radiology investigations, endoscopy studies etc.) onto EHR system

Medication administration Administration of medications 

Notes Documentation of free-text or structured notes within the EHR (including 
ward round notes, nursing end-of-shift notes, operation notes, discharge 
summaries etc.)

Observations Clinical observations/vital signs (including heart rate, blood pressure, 
temperature measurements etc.)

Radiology administration Processing of radiology orders and procedures

Radiology reports Entering and amending of radiology reports onto EHR system

Referrals Ordering and processing of formal referrals to and consultations from other 
units

Endoscopy orders Ordering of endoscopic procedures (including endoscopy, colonoscopy etc.)

Laboratory orders Ordering of laboratory tests (including blood tests, histopathology etc.)

Medication orders Ordering (prescribing) of medications, modification or discontinuation of 
medications

Neuro-diagnostics orders Ordering of neurological tests (including electroencephalograms, nerve 
conduction studies etc.)

Radiology orders Ordering of radiology tests and interventional radiology procedures 
(including x-rays, angiography procedures etc.)

Surgery orders Ordering of surgical procedures

Orders
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Table 7.2 - Detailed description of EHR event types used to categorise EHR event data. 

7.2.9.10 Developing a patient-provider network 

To demonstrate the complexity of inpatient care and provider-provider interactions, directed bipartite 

graphs were generated. To illustrate the potential complexity of the digital care teams involved in the 

care of individual patients, a bipartite graph showing provider and EHR event numbers was developed 

for an example patient with a 10-day hospital admission drawn from the data (Figure 7.12). Individual 

providers were designated as peripheral nodes and a target (central) node was used to denote the patient. 

The edges between the patient and provider nodes indicated that the provider contributed one or more 

events to the patient record. Provider nodes were superimposed over a pie chart to indicate the relative 

proportion of different provider types involved in the care of the patient in question. In this diagram, 

the size of the provider node and distance from the target node corresponds to the number of EHR 

events that that particular provider contributed to the patient’s EHR during their admission to hospital.  

7.2.9.11 Measuring activity across the working day and working week 

Using the time stamps attached to all EHR events included in the data, care teams were analysed across 

date and time ranges to evaluate variability in the composition and activity of the ‘digital care team’ 

across the working week. Using a ‘weekend flag’ tagged to events that occurred on ‘weekend days’, 

between 00:00 on Saturday and 24:00 on Sunday, comparisons were made between EHR activity during 

weekdays and weekend days. Differences in the number of care providers using the EHR during the 

weekends, compared with weekdays, were also assessed. 

7.2.9.12 Identifying and measuring shift-to-shift handovers 

Previous studies have shown that interventions to improve handovers may have meaningful benefits to 

patient safety57,66,79,375,414. Handovers between providers can, however, be difficult to identify and 

measure using traditional observational methods, complicating research and the implementation of 

interventions415. This study initially aimed to use several specific handover related event items within 

the EHR system, such as structured notes and forms, including an identified note event titled ‘handover 

comment’ and to compare across several variables. As is reported below in the results section, we found 

that that specific handover related forms and structured events were used rarely and inconsistently 

between providers, specialties and wards, limiting the value of this approach. As a surrogate marker for 

the identification of shift-to-shift handovers, we conducted a manual review of patterns of EHR events 
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over the course of the day to confer associations with known clinical handover periods. These 

associations and their limitations are reported in the results and discussion sections of this report. 

7.2.9.13 Identifying and measuring discharge processes 

In this study, analyses of discharge processes focussed on EHR events performed around the time of 

patient discharge from hospital, including completion of the ‘discharge summary’. Discharge 

summaries are documents that communicate pertinent information from the hospital record to ensure 

that primary care clinicians have the information that they need to deliver safe and effective care186. 

During data exploration, an event titled ‘discharge summary finalisation’ was identified. This is a 

‘checklist’ event which refers to the ‘signing off’ of a discharge summary by a care provider and, at 

SHM, is intended to be performed at the time of patient discharge from hospital. This was, therefore, a 

potentially useful event to analyse and measure to observe discharge transition of care processes. We 

examined this specific event across several variables including time of the day, day of the week and 

provider role. We also measured the frequency of preceding EHR events recorded by the ‘signing off’ 

provider as a measure of provider familiarity with the patient for whom they were signing off for. This 

was determined to be a potential indicator of the quality and accuracy of the discharge summary and 

therefore a useful target for analysis of transition of care activity. 

7.2.10 Identifying and measuring ward-ward transfers 

Many patients admitted to acute hospitals move through more than one clinical area or ward during 

their hospital stay. For example, most emergency patients are admitted while in the Accident and 

Emergency Department, then move to a ward, and may be transferred to other clinical areas for 

investigations, surgery or recovery from surgery. As a large proportion of hospital staff are location-

based within the hospital, these movements between clinical areas generally involves a transition of 

care between care providers, such as nurses and healthcare assistants. In this chapter, these movements 

between clinical areas were generally referred to as ‘ward transfers’ for simplicity.  

 

At SMH, the location of patients within the hospital is manually updated by nursing staff or other care 

providers when patients move between these areas. These hospital locations are generally logged 

against recorded EHR events, which provides potentially useful information relating to patient flow 

through the hospital. Hospital areas that patients most frequently transferred to and from were 

highlighted as potential targets for interventions for transition of care process improvements. Analysis 
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of changes in hospital location facilitated a map of each admitted patient’s spatial journey through their 

hospital stay. To graphically depict the complexity of patient movement around the hospital, an 

undirected bipartite network map of patient movement and patient flow (flux) illustration was produced 

using NetworkX, a Python package used for the creation of complex network graphs.  

7.3 Results 

7.3.1 Multi-stakeholder engagement event 

The multi-stakeholder engagement event was attended by 31 participants. Participant types included 

five patient representatives, 13 health professionals, ten academic representatives and three industry 

representatives, representing a broad range of stakeholder backgrounds (Appendix 5). Several 

participants had a background in more than one area (e.g. Health Professional/Academic). Eight 

participants were from the hosting academic institution (Imperial College London) and eight 

participants were employed by the host clinical organisation (ICHNT). The remaining 15 participants 

were not formally affiliated with these institutions. 

 

Results from the multi-stakeholder engagement activities are illustrated in Table 7.3. The top-four 

intrahospital transition of care processes that the four groups of participants felt should be a priority for 

research are shown in Table 7.4. These processes were prioritised as the focus of the subsequent analysis 

described in this study. 

 

 

Figure 7.2 - Images from multi-stakeholder engagement event depicting group discussions and group activities. 
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Table 7.3 - Intrahospital transition of care processes identified by each group at multi-stakeholder engagement event. 

Abbreviations: AE – Accident and Emergency, GP – General Practitioner, NHS – National Health Service. 

 

 

Table 7.4 - Intrahospital transition of care processes that were identified as a ‘research priority’ by multidisciplinary groups 

at multi-stakeholder engagement event. Highlighted processes were taken forward to analyse using routinely collected EHR 

data. Abbreviations: GP – General Practitioner. 

Group Hospital transition of care process Group Hospital transition of care process

Group 1 Group 3

Shift to shift handover Ambulance officers to hospital staff handover

AE to ward handover AE to hospital handover

Department to department care transition Specialty team to specialty team transition of care

Doctor to doctor handover AE nursing staff to ward nursing staff handover

Hospital to GP care transition Transfers from ward to imaging department

Outpatient clinician to GP handover General ward to specialty ward transition of care

Clinician to patient handover Ward to Intensive care unit care transition

GP to outpatient doctor handover AE to Clinical Decisions Unit care transiotion

Healthcare Professional to Healthcare Professional handover Clinical Decisions Unit to ward care transition

Healthcare professional to social worker handover Shift to shift handovers

NHS to private healthcare handover Hospital to home (discharge) transition of care

Hospital to long term care facility care transition

Mental health referral

Police Officer to AE staff handover

Handovers between multidisciplinary team members

Transfers between specialties

Group 2 Group 4

Inpatient to continued care (community) transition of care AE to ward transtion of care

Healthcare professional to healthcare professional handover Shift to shift handover

Admin officer to admin officer handover Ward to ward transfers

Healthcare professionals to family and friends handover Clinicians to research team handover

Hospital to nursing homes/care homes care transition Ward to research team handover

Hospital inpatient specialty to specialty care transition Ward to outpatient department care transition

Hospital outpatient specialty-specialty handover Specialty team to specialty team care transition

Hospital to social care/local authorities care transition AE to operating theatre staff care transition

GP to hospital care transition Ward to operating theatre staff handover

GP to inpatient mental health services handover Recovery area to ward care transition

Hospital to GP transition of care Non-clinical team to clinical team handover

Ward to intensive care unit care transition

Ward to discharge lounge care transition

Healthcare Professional to Allied Health Team handover

Clinican to pharmacist handover

Ward to intermediate care services care transition

Transition of care process No. groups identified as research priority (/4)

Healthcare professional to healthcare professional 4

Patient transitions of care between wards 4

Hospital to GP (discharge) care transitions 3

Shift-to-shift handovers 3

Transitions of care between disciplines 2

Clinician to patient handovers 1

Outpatient clinician to GP handovers 1

Inpatient healthcare professional to mental health services handovers 1

Non-clinical team to clinical team 1
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7.4 Results from analysis of routinely collected EHR data 

7.4.1 Descriptive Results - Participants and Events 

7.4.1.1 Patients 

One thousand, nine hundred and forty-four unique inpatient spells relating to 1699 unique patients were 

included in the primary analysis. A flow chart of patient recruitment is included in Figure 7.3. As 

outlined, 15/1959 (0.77%) patient episodes (15/1714 (0.88%) patients) were excluded due to no EHR 

event data for that spell being included in the dataset. All of these spells involved patients undergoing 

minor orthopaedic surgery procedures. It is likely that the absence of EHR event data resulted from 

events for this small number of patients (including operation notes and discharge medications) being 

recorded on paper forms. This practice was confirmed by colleague clinicians working in this specialty 

at SMH. Eighty-seven patients were involved in 89 admissions within the Accident and emergency 

(AE) short stay or clinical decision areas over the study period. The distribution of length of stay was 

heavily skewed across specialties, ranging from zero days (<24 hour admission) to 106 days. Median 

length of stay ranged from zero days for medical and OG patients, to eight days for CCM patients, as 

shown in Table 7.5. 

 

A subgroup analysis compared 719 medical patient spells (including 697 unique patients) and 546 

surgical patient spells (511 unique patients). Six hundred and seventy-nine spells (491 patients) 

involving patients admitted under obstetrics and gynaecology, critical care medicine and accident and 

emergency units were not included in the medicine vs surgery specialty subgroup analysis. 
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Figure 7.3 - Patient recruitment flowchart from raw EHR data (including inpatient spell and event data). 

Included participant characteristics are shown in Table 7.5. Of the 1944 inpatient spells included, 1052 

(54.12%) were emergency, or ‘non-elective’ spells. Table 7.5 shows the distribution of patients between 

medical, surgical, OG, CCM and A and E specialty groups and additional participant characteristics 

including median number of providers per spell and length of stay. 

7.4.1.2 Providers 

A total of 3522 unique providers contributed one or more EHR events to the included participants. 

Provider classifications and characteristics, including the number of unique providers in each provider 

role category, are included in Table 7.6. As illustrated in Figure 7.4, the provider group with the largest 

number of providers contributing data to the EHR was nursing and midwifery, with 1712 providers 

(48.6% of all providers). There were 991 (28.1%) unique doctors that contributed events to the EHR 

and 461 (13.1%) different healthcare assistants. Figure 7.4 also shows the distribution of EHR events 

contributed by each provider group. 
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As an additional subgroup analysis of doctor EHR activity, all doctors who contributed to the EHR 

were categorised into one of three groups according to level of training: Consultant level, Registrar 

level and Resident/Foundation level. Table 7.10 and Table 7.11 show the number of unique doctors 

contributing to the EHR at each level and the relative proportion of different EHR event types and order 

types for each doctor level. There were 364 doctors categorised into a ‘Registrar level’, 228 at 

‘Consultant level’ and 190 at ‘Resident/Foundation level’. The largest subgroup of doctors who used 

the EHR were ‘Specialist Trainees’ with 353 contributing one or more event to the EHR. ‘Clinical 

Practitioner Access Role’ (209 doctors) was a group of doctors who were unable to be further 

categorised into level of seniority as this information was not linked to the EHR data for those providers. 

Specific comparisons between event activity for levels of doctors therefore proceeded with this group 

of doctors excluded. 

7.4.1.3 EHR events 

Across spells for all patients admitted during the two-week study period, there were a total of 1,768,517 

EHR events recorded. Spells involving patients with emergency admissions accounted for 

1,534,363/1,768,517 (86.76%) recorded EHR events. The distribution of EHR events across admission 

types, specialty groups and individual specialties is shown in Table 7.5. The median number of EHR 

events associated with elective patient spells was 29 (IQR 4 to 286).  The median number of EHR events 

associated with emergency patient spells was 586.5 (IQR 173 to 1526.5). Medical specialties accounted 

for 784,535 (44.4%) EHR events recorded during 719 admitted patient spells. Surgical specialties 

accounted for 705,797 (39.9%) events relating to 546 patient spells, followed by obstetrics and 

gynaecology (180,518 (10.2%) events in 454 spells), accident and emergency (83,486 (4.7%) events in 

89 spells) and critical care medicine (14,181 (0.8%) events in 5 spells). In all specialties, the distribution 

of EHR events was significantly skewed, with EHR events ranging from 1 to 43,218 per patient spell. 

The median number of EHR events per spell was 3197 (IQR 1206 to 4285) for CCM patients, 435.5 

(IQR 212 to 1378) for surgical patients, 442 (IQR 173 to 713) for A and E patients, 225.5 (IQR 25 to 

544) for OG patients and 38 (IQR 4 to 1086) for medical patients. The lower relative median number 

of events for patients admitted under medical specialties likely reflects the high volume of patients 

admitted to hospital for medical investigations, such as endoscopy. For example, there were 316 patients 

admitted under gastroenterology, with a median number of EHR events of four (IQR 3-29). The 

distribution of events across care provider roles is outlined in more detail in following sections. 
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Table 7.5 - Participant and event characteristics per admission and specialty type. Abbreviations: OG - Obstetrics and Gynaecology, CCM - Critical Care Medicine, AE - Accident and Emergency.

Specialty Patients (n) Patient spells (n) EHR events (n)
Mean providers 
per patient spell (n)

Median providers 
per patient spell (n)

Providers per patient 
spell (IQR)

Providers per patient 
spell (range)

Mean events per 
patient spell (n)

Median events per 
patient spell (n)

Events per patient 
spell (IQR)

Events per patient 
spell (range)

Median length 
of stay (days)

Length of stay 
(days) (IQR)

Length of stay 
(days) (range)

All patients 1699 1944 1,768,517

Admission type Elective 892 234,154 7.8 3 2-9 1-119 262.5 29 4-286 1-11974 0 0-0 0-92

Emergency 1052 1,534,363 28.3 19 7-40 1-275 1458.5 586.5 173-1526.5 1-43218 1 0-4 0-106

Specialty group Medicine 697 719 784535 3.9 4 2-35.5 1-275 1091.1 38 4-1086 1-43218 0 0-3 0-106

Clinical Haematology 3 3 1484 13 8-25.5 3-38 494.7 312 159-739 6-1166 1 0.5-3 0-5
Clinical Immunology and 
Allergy

2 4 551 3.5 2.75 2-7 137.8 144.5 135.25-147 115-147 0 0-0 0-0

Clinical Oncology 1 1 4 2 2-2 2-2 4.0 4 4-4 4-4 0 0-0 0-0

Dermatology 2 2 42 2.5 2.25-2.75 2-3 21.0 21 12.5-29.5 4-38 0 0-0 0-0

Endocrinology 174 182 186984 4 2-30.5 1-155 1027.4 46 9.25-875.25 1-43218 0 0-2 0-44

Gastroenterology 311 316 162879 2 1-4 1-275 515.4 4 3-29 1-34009 0 0-0 0-106

General Medicine 1 1 10 3 3-3 3-3 10.0 10 10-10 10-10 0 0-0 0-0

Genito-urinary Medicine 4 4 6118 15 6.5-36.5 5-77 1529.5 537 240.5-1826 131-4913 1.5 0-4.75 0-10

Geriatric Medicine 1 66 223566 49.5 35.25-70.75 4-180 3387.4 1831 952.25-4027.25 38-26473 6.5 2-13.75 0-97

Medical Oncology 1 1 6 3 3-3 3-3 6.0 6 6-6 6-6 0 0-0 0-0

Nephrology 4 4 248 4.5 1-8.25 1-9 62.0 61.5 2.5-121 1-124 0 0-0 0-0

Neurology 2 2 2992 29.5 24.75-34.25 20-39 1496.0 1496 1064-1927.5 633-2359 4 3.5-4.5 3-5

Nursing Episode 3 3 19 3 2.5-3 2-3 6.3 7 5.5-7.5 4-8 0 0-0 0-0

Paediatrics 2 2 328 7.5 5.25-9.75 3-12 164.0 164 105-223 46-282 0 0-0 0-0

Respiratory Medicine 109 114 176987 28 4.25-46.25 1-143 1552.5 694 32-1746.25 1-13821 2 0-6 0-92

Rheumatology 14 14 22317 36 24.5-41 15-82 1594.1 988.5 527.5-1177.25 334-5796 2.5 2-7 1-23

Surgery 511 546 705797 5.0 13 7-33.75 1-211 1292.7 435.5 212.25-1378.25 1-20622 1 0-3 0-105

Anaesthetics 11 11 4457 11 7.5-16.5 1-26 405.2 277 199.5-449 32-1304 0 0-1.5 0-3

Cardiothoracic Surgery 8 8 16689 30 21.25-48.5 15-78 2086.1 1294 619.5-3271.25 544-5794 3.5 1-8.25 0-21

ENT 33 34 14630 10 8-11 2-41 430.3 352 211.5-431.75 5-3209 0 0-0 0-12

General Surgery 320 352 358378 11 6-29.25 1-155 1018.1 379 146.5-1112.5 1-18336 0 0-3 0-105

Neurosurgery 16 16 56450 38 20.75-58.75 16-109 3528.1 2224 985.5-6257.25 407-11058 9 1.75-17.25 1-37

Plastic Surgery 9 10 24912 30.5 11-35 2-211 2491.2 1189.5 442-1242 13-17624 2 0-2.75 0-49

Radiology 1 1 401 12 12-12 12-12 401.0 401 401-401 401-401 0 0-0 0-0

Trauma and Orthopaedics 87 87 211039 36 9-61.5 2-161 2425.7 1391 315.5-3002.5 4-20622 4 0-8.5 0-66

Urology 26 27 18841 9 7-26 1-49 697.8 535.5 270.5-999.5 2-2299 0 0-2 0-6

OG 399 454 180518 4.1 8 3-16 1-84 397.6 225.5 25-544.25 1-4833 0 0-2 0-35

Gynaecology 133 136 48873 8.5 6-11 1-63 359.4 223 133.25-331.5 3-2436 0 0-0 0-35

Midwife Episode 35 39 8208 3 2-8 1-54 210.5 41 5.5-257.5 1-2437 0 0-1 0-5

Obstetrics 231 279 123437 9 3-18.5 1-84 442.4 231 14.5-694 1-4833 0 0-2 0-17

CCM 5 5 14181 5.8 38 34-68 17-78 2836.2 3197 1206-4285 1008-4485 8 4-12 4-14

AE 87 89 83486 5.1 14 8-21 1-140 938.0 442 173-713 4-12942 1 0-2 0-30
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Table 7.6 - Provider characteristics per provider role. 

 

 
Table 7.7 - EHR events per provider role. 

 

Providers (n) Events (n) Median patients per 
provider (n) 

Patients per provider 
(IQR)

Patients per provider 
(range)

Median events per 
provider (n) 

Events per provider 
(IQR)

Events per provider 
(range)

All providers 3522 1768517 4 1-12 1-1653 83 11-422 1-222809

Provider Role

Allied Health 149 20534 3 1-10 1-41 36 13-164 1-1367

Clerical and Administration 69 134582 2 1-7 1-1653 5 1-33 1-131697

Doctors 991 130582 4 1-11 1-86 24 4-124 1-3077

Healthcare Assistants 461 374730 5 2-14 1-88 319 73-1219 1-6935

Nursing and Midwifery 1712 864396 4 1-13 1-126 134.5 20-613.75 1-6852

Other 39 3305 1 1-2.5 1-31 5 2-98.5 1-882

Pharmacy 85 7007 3 1-15 1-95 17 6-64 1-925

System 16 233381 3 1-7.75 1-971 12.5 6.5-314.5 1-222809

Provider Role Checks (n) Laboratory results (n) Medication administration (n) Notes (n) Observations (n) Radiology administration (n) Radiology reports (n) Referrals (n) Orders (n) Total events (n) Proportion total events (%)

All Providers 573028 225448 111796 91224 703544 4476 3419 2269 53313 1768517 100.0

Allied Health 11447 1 14 5072 3877 0 0 102 21 20534 1.2

Clerical and Administration 129875 11 0 758 1678 0 0 1832 428 134582 7.6

Doctors 43635 155 2074 35487 3676 0 44 180 45331 130582 7.4

Healthcare Assistants 94842 1392 12 927 277557 0 0 0 0 374730 21.2

Nursing and Midwifery 286580 7943 109432 48345 406631 0 0 152 5313 864396 48.9

Other 864 12 55 376 1990 0 0 0 8 3305 0.2

Pharmacy 4477 4 4 154 477 0 0 0 1891 7007 0.4

System 1308 215930 205 105 7658 4476 3375 3 321 233381 13.2
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Table 7.8 - EHR activity per specialty group. Abbreviations: OG - Obstetrics and Gynaecology, CCM - Critical Care Medicine, AE - Accident and Emergency. 

Specialty Group Specialty Providers (n) Events (n) Median providers per 
patient (n)

Providers per patient 
(IQR)

Providers per patient 
(range)

Median events per patient 
spell (n)

Events per patient spell 
(IQR)

Events per patient spell 
(range)

Proportion providers 
per specialty group (%)

Proportion events per 
specialty group (%)

Medicine All 2777 784535 4 2-35.5 1-275 38 4-1086 1-43218 100.0 100.0

Allied Health 135 7010 2 1-4 1-16 30 12-65.5 1-452 4.9 0.9

Clerical and Administration 643 66151 1 1-2 1-6 9 3-101 1-3653 23.2 8.4

Doctors 499 57446 6 1-12 1-103 81 2-160 1-3256 18.0 7.3

Healthcare Assistants 349 229421 5 2-9 1-41 218 47-654 1-13271 12.6 29.2

Nursing and Midwifery 445 317433 10 2-20 1-106 280 31-717 1-21778 16.0 40.5

Other 27 868 1 1-1 1-2 6 1.5-24.5 1-274 1.0 0.1

Pharmacy 251 3404 2 1-3 1-9 11 6.5-18 1-65 9.0 0.4

System 428 102802 2 1-2 1-4 92 7-257 1-8936 15.4 13.1

Surgery All 2703 705797 13 7-33.75 1-211 435.5 212.25-1378.25 1-20622 100.0 100.0

Allied Health 127 7673 2 1-4 1-13 25 12-85 1-346 4.7 1.1

Clerical and Administration 526 48995 1 1-1 1-5 36 10.25-97.75 1-1288 19.5 6.9

Doctors 507 50967 4 2-9 1-68 57 35-126 1-1487 18.8 7.2

Healthcare Assistants 372 103674 3 1-6 1-37 103.5 22-278.25 1-9770 13.8 14.7

Nursing and Midwifery 506 387806 6 3-15 1-96 356 183-825 1-10618 18.7 54.9

Other 27 213 1 1-1 1-2 3 2-10.5 1-27 1.0 0.0

Pharmacy 222 2917 2 1-2 1-6 7 5-12 1-330 8.2 0.4

System 416 103552 2 1-3 1-4 50 6-155.75 1-11533 15.4 14.7

OG All 1849 180518 8 3-16 1-84 222.5 25-544.25 1-4388 100.0 100.0

Allied Health 82 4079 1 1-2 1-4 23 12-65 1-295 4.4 2.3

Clerical and Administration 410 12647 1 1-1 1-2 18 5.25-36 1-362 22.2 7.0

Doctors 334 15311 3 2-4 1-24 39 15-68 1-297 18.1 8.5

Healthcare Assistants 182 18400 1 1-2.75 1-12 58 24.25-114 1-1261 9.8 10.2

Nursing and Midwifery 418 116004 4 2-8 1-44 169 24.5-399 1-2328 22.6 64.3

Other 72 2183 1 1-1.25 1-4 18.5 7.75-49.25 1-115 3.9 1.2

Pharmacy 75 446 1 1-2 1-5 5 2-7 1-35 4.1 0.2

System 276 11448 1 1-2 1-4 18 2-58.25 1-658 14.9 6.3

CCM All 29 14181 38 34-68 17-78 3197 1206-4285 1008-4485 100 100.0

Allied Health 3 73 1 1-3 1-5 26 13.5-36 1-46 10.3 0.5

Clerical and Administration 5 692 2 1-2 1-2 76 23-288 8-297 17.2 4.9

Doctors 5 1151 23 10-23 7-31 282 135-283 89-362 17.2 8.1

Healthcare Assistants 3 2151 8 6.5-9 5-10 852 576-925.5 300-999 10.3 15.2

Nursing and Midwifery 5 3440 13 10-22 6-29 254 182-1341 80-1583 17.2 24.3

Other 0 0 0 0 0 0 0 0 0.0 0.0

Pharmacy 3 43 2 1.5-3.5 1-5 6 5.5-19 5-32 10.3 0.3

System 5 6631 3 3-3 3-3 1313 1029-1368 238-2683 17.2 46.8

AE All 453 83486 14 8-21 1-140 442 173-731 4-12942 100.0 100.0

Allied Health 30 1699 1 1-2 1-8 24.5 8-47.25 1-322 6.6 2.0

Clerical and Administration 84 6097 1 1-2.5 1-3 26.5 10-48 1-943 18.5 7.3

Doctors 83 5707 4 2-6 1-32 47 32-75.5 4-298 18.3 6.8

Healthcare Assistants 73 21084 3 1-4 1-31 88 30-182 1-3634 16.1 25.3

Nursing and Midwifery 89 39713 5 2-8 1-67 238 93-354 3-6411 19.6 47.6

Other 3 41 1 1-1 1-1 4 2.5-20 1-36 0.7 0.0

Pharmacy 20 197 1.5 1-2 1-3 7 6-11.5 2-41 4.4 0.2

System 71 8948 2 1-2 1-4 51 8.5-87 1-2187 15.7 10.7
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Table 7.9 - Orders per provider role.

Provider role Endoscopy order (n) Laboratory order (n) Medication order (n) Neuro-diagnostics order (n) Radiology order (n) Surgery Order (n) Total (n) Proportion total orders (%)

All providers 10 26628 24595 28 1906 146 53313 100

Allied health 0 0 20 0 1 0 21 0.0

Clerical and administration 2 417 9 0 0 0 428 0.8

Doctors 8 23624 19911 28 1626 134 45331 85.0

Healthcare assistants 0 0 0 0 0 0 0 0.0

Nursing and midwifery 0 2552 2703 0 46 12 5313 10.0

Other 0 0 8 0 0 0 8 0.0

Pharmacy 0 0 1891 0 0 0 1891 3.5

System 0 35 53 0 233 0 321 0.6
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Figure 7.4 - Distribution of unique providers contributing one or more events to the EHR and distribution of events per provider role. 

 

 
Table 7.10 - EHR events per doctor level. 

 

Allied Health
(149, 4%)

Doctors
(997, 28%)

Healthcare Assistants
(461, 13%)

Nursing and 
Midwifery

(1712, 49%)

Distribution of providers contributing to EHR

Allied Health

Clerical and Administration

Doctors

Healthcare Assistants

Nursing and Midwifery

Other

Pharmacy

System

Allied Health
(20534, 1%) Clerical and Administration

(134582, 8%)

Doctors
(130582, 7%)

Healthcare Assistants
(374730, 21%)

Nursing and Midwifery
(864396, 49%)

Other
(3305, 0%)

Pharmacy
(7007, 1%)

System
(233381, 13%)

Distribution of all hospital EHR events per provider role

Allied Health

Clerical and Administration

Doctors

Healthcare Assistants

Nursing and Midwifery

Other

Pharmacy

System

Doctors (n) Checks (n) Laboratory results (n) Medication administration (n) Notes (n) Observations (n) Radiology administration (n) Radiology reports (n) Referrals (n) Orders (n) EHR events (n) Proportion total events (%)

All Doctors 991 43635 155 2074 35487 3676 0 44 180 45331 130582 100

Consultant Level 228 7635 11 167 2216 193 0 20 111 9950 20303 15.5

Registrar level 364 13202 11 67 10803 169 0 6 6 3300 27564 21.1

Resident/Foundation level 190 16875 56 31 19496 253 0 0 6 4467 41184 31.5

Clinical Practitioner Access Role 209 5923 77 1809 2972 3061 0 18 57 27614 41531 31.8
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Table 7.11 - Order events per doctor level and role. 

Doctor level Doctor role Doctors (n) Endoscopy order (n) Laboratory order (n) Medication order (n) Neuro-diagnostics order (n) Radiology order (n) Surgery order (n) Total (n) Proportion doctor orders (%)

All Doctors 991 8 23624 19911 28 1626 134 45331 100

Consultant level 228 4 7362 2545 0 22 17 9950 21.9

Consultant (Doctor) 219 4 7141 2423 0 20 17 9605 21.2

Locum – Consultant (Doctor) 9 0 221 122 0 2 0 345 0.8

Registrar level 364 1 1189 1849 3 224 34 3300 7.3

Specialist Trainee (Doctor) 353 1 1141 1746 3 217 33 3141 6.9

Clinical Fellow (Doctor) 10 0 48 70 0 7 1 126 0.3

Staff Grade (Doctor) 1 0 0 33 0 0 0 33 0.1

Resident/Foundation 
level

190 1 1939 2276 6 221 24 4467 9.9

Core Trainee (Doctor) 55 0 385 748 0 50 13 1196 2.6

Foundation YR1 (Doctor) 56 0 0 0 0 1 0 1 0.0

Foundation YR2 (Doctor) 51 0 312 545 4 87 7 955 2.1

Medical Student 6 0 0 0 0 0 0 0 0.0

Locum - Doctor 22 1 1242 983 2 83 4 2315 5.1

Clinical Practitioner 
Access Role

209 2 13134 13241 19 1159 59 27614 60.9
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7.4.2 Primary analysis 

7.4.2.1 Healthcare professional to healthcare professional interactions 

7.4.2.1.1 Digital Care Teams 

Analysis of all patient spells included in the dataset showed that the size of digital care teams was 

variable across different specialty groups and admission durations, as demonstrated in Table 7.5. The 

median number of care providers for elective patients was 3 (IQR 2 to 9) and for emergency patients 

was 19 (IQR 7 to 40). Across all patients, the median number of care providers was highest for patients 

admitted under critical care medicine, with 38 unique providers (IQR 34 to 68). There was a median of 

14 (IQR 8 to 21) providers for accident and emergency patients, 13 (IQR 7 to 33) for surgical patients, 

eight (IQR 3 to 16) for obstetrics and gynaecology patients and four (IQR 2 to 35) for medical patients. 

Figure 7.5 shows the relationship between length of stay in hospital and the associated number of 

providers in patient’s digital care teams. The median number of providers in the digital care team was 

31 for patients with an admission over 24 hours in duration and 64 for patients with an admission lasting 

five days or more. 

 

Figure 7.5 - Size of digital care team (median number of providers) involved in the care of patients according to patient length 

of stay. 

The composition of digital care teams was also variable, as shown in Table 7.8. To illustrate the 

potential complexity and variability of digital care teams, the teams caring for four patients with ten-

day hospital spells were selected randomly from the dataset and displayed in pictograms in Figure 7.6.  

 

0

50

100

150

200

250

300

0 20 40 60 80 100 120

N
um

be
r o

f p
ro

vi
de

rs
 in

 d
ig

ita
l c

ar
e 

te
am

 (m
ed

ia
n)

Length of stay

Number of providers per length of stay



 

 232 

 

Figure 7.6 - The ‘digital care team’ involved in the care of four different patients that had 10-day admissions at St Mary’s 

Hospital. 

7.4.2.1.2 Digital care team provider roles 

Using the classification of different types of EHR events described in Table 7.2, the frequencies of 

different types of EHR activities performed by each provider group are shown in Table 7.7. The 

proportion of each event type performed by each provider group is shown Figure 7.7 and as a radar plot 

in Figure 7.8. For clarity, event types representing <2% of all event activity are not shown in the radar 

plot (radiology administration, radiology reports and referrals). These figures illustrate the variation in 

EHR activity by different provider types. For example, recording of observations was the most common 

EHR activity performed by nursing and midwifery health professionals (47.0% of nursing and 

midwifery EHR activity) and healthcare assistants (74.0%), whereas orders were the most common 

activity performed by doctors (34.7%). Checklists were the most common EHR events conducted by 

clerical and administrative staff (96.5%), allied health professionals (55.8%) and pharmacy providers 

(63.9%). System contributors (external IT systems communicating with the EHR), most frequently 

contributed laboratory results to the EHR (95.7%).  
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Figure 7.7 - Proportion of event type for each provider role. 

 

Figure 7.8 - Radar plot showing each provider group’s EHR event type as a proportion (%) of that group’s total EHR activity. 

Events types representing <2% of all event activity were not illustrated on the radar plot (radiology administration, radiology 

reports and referrals). 

Figure 7.9 displays the proportion of each provider group contributing to each EHR event type. This 

figure shows that nursing and midwifery providers were the most active provider group in completing 

EHR checklists (50.0% of EHR checklists), medication administration (97.9%), notes (53.0%) and 

observations (57.8%). Doctors were the most likely provider group to enter orders into the EHR system 

(85.0% of all EHR orders). External IT systems were the most likely to contribute laboratory results 

(95.8%), radiology administration events (100%) and radiology reports (98.7%).  
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Figure 7.9 - Proportion of each provider group contributing to each event type (percent). 

The distribution of order types per provider groups is shown in Table 7.9. This shows that the most 

common orders processed through the EHR were laboratory orders (26,628, 49.9%), followed by 

medication orders (24,595, 46.1%). Although doctors entered the large majority of laboratory (23,624, 

88.7%) and medication (19,911, 81.0%) orders, nursing and midwifery providers also contributed a 

relatively large number of laboratory (2,552, 9.6%) and medication orders (2,703, 11.0%). 

7.4.2.2 Doctor EHR activity 

Of the 991 doctors, 782 were able to be classified into consultant, registrar and resident/foundation 

levels. 209 doctors who were listed as ‘Clinical Practitioner Access Role’ were excluded from 

subsequent analyses of EHR activity performed by different levels of doctors.  

 

EHR event activity performed by different levels of doctors is summarised in Table 7.10 and order 

activity is shown in Table 7.11, which also shows a breakdown of the specified doctor roles included 

at each level. Figure 7.10 summarises EHR event activity across the three levels of doctors. As 

illustrated, the most common EHR activity performed by consultants was the placement of orders (9950 

orders, 49.0% of consultant EHR activity), whereas registrars were most likely to perform checklists 

(13,202 checks, 47.9% of registrar EHR activity) and enter notes (10,803 notes, 39.2%). Junior doctors, 

classified as resident/foundation level, most frequently used the EHR for the entering of notes (19,496 

notes, 47.3% of EHR activity) and completing checks (16,875 checks, 41%). 
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Figure 7.10 - Proportion of event type per doctor level. 

Frequencies of order event activity performed by doctors is shown in Table 7.11 and Figure 7.11. 

Consultant-level doctors most frequently ordered laboratory tests (7362 laboratory tests, 74.0% of 

consultant orders). Registrar-level doctors most frequently ordered medications (1849 medication 

orders, 56.0%) and laboratory tests (1189, 36.0%). Similarly, resident/foundation-level doctors most 

frequently ordered medications (2276 medication orders, 51.0%) and laboratory tests (1939, 43.4%). 

 

 

Figure 7.11 - Proportion of order types per doctor level. 

7.4.2.3 Patient-provider network 

To illustrate the patient-provider networks generated during data analysis, a directed bipartite network 

relating to a single randomly selected patient with a 10-day inpatient admission is depicted as a bipartite 

graph in Figure 7.12. Extending from the central node (representing the patient), 65 edges connect the 

patient with peripheral nodes representing unique providers that interacted with the patients EHR during 

their hospital spell. 
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Figure 7.12 – Provider-patient bipartite graph superimposed over a pie chart of the breakdown of provider types and numbers 

(in brackets) involved in the ‘digital care team’ for a single patient. The central node represents the patient and peripheral 

icon nodes represent individual providers. Size of the provider note indicates the relative number of EHR events corresponding 

to each provider. Abbreviations: HCA – Healthcare Assistants. 

7.4.2.4 Digital care team EHR activity over the course of the working day and working week 

Figure 7.13 shows aggregate EHR activity over the course of the 24hr day for all provider groups, 

comparing activity during the weekdays and weekend days. Over the 24hr working day, the quietest 

period, in terms of EHR activity, is between 3:00 and 4:00, with the busiest periods being around 12:00 

during the week, 21:00 on weekend days and 17:00 on both weekdays and weekend days. Dips in EHR 

activity during the working day were observed between 7:00 to 9:00, 12:00 to 15:00 and 10:00 to 20:00. 
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Figure 7.13 - Mean frequency of EHR events per hour over a 24-hour period for weekdays and weekend days. 

The number of providers contributing events to the EHR decreased over the weekend. The average 

number of providers contributing EHR events on weekend days was 553.0, compared to 657.1 during 

weekdays, representing a 15.8% reduction in overall provider numbers. The reduction in provider 

numbers was highest for doctors where, on average, 117.0 doctors contributed EHR events on weekend 

days compared with 224.6 weekdays, a 47.9% reduction in unique providers over the weekend. 

7.4.2.5 Shift-to-shift handovers 

Although this study initially sought to use the formal EHR system ‘Handover Comment’ forms to 

measure shift-shift handovers, analysis revealed that in practice, use of these forms were very low across 

the dataset, with only 1016 ‘handover comment’ structured note entries recorded across all 1944 unique 

inpatient spells. No alternative specific event types that clearly pertained to handover activity or 

documentation were identified. It was therefore difficult to accurately measure definite instances of 

shift-shift handovers based on the EHR event data alone. Analysis of patterns of EHR usage, did, 

however, provide some correlation with handover periods, as highlighted above and shown in Figure 

7.13. 

7.4.2.6 Hospital Discharges 

From the 1944 unique inpatient spells included in the dataset, 1779 ‘discharge summary finalisation’ 

events were completed. These events correlate to the confirmation and finalisation of information in the 

medical discharge summary that is sent to the patient’s primary care provider. Most (83.7%) discharges 

occurred during the week, with Thursday being the most common day of discharge (19.0% of 
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discharges). Only 16.3% of discharges occurred on the weekend (10.2% of on Saturdays and 6.1% of 

total discharges on Sundays).  

 

Of the 1779 ‘discharge summary finalisation’ forms, 1546 (86.9%) were completed between 08:00 and 

20:00. On average, the provider that had completed the ‘discharge summary finalisation’ contributed 

22.8 events for the patient being discharged, which represented 9.5% of the average patient EHR events. 

On 566 (31.8%) occasions, the provider that finalised the discharge summary had not been involved in 

the care of the discharged patient prior to that point. 

7.4.2.7 Ward-to-ward transfers 

Within the EHR data, there were 72 unique hospital areas identified to which patients were admitted. 

These included inpatient wards, operating and day procedure areas, investigation and day-treatment 

units and maternity areas. Within their inpatient spells, patients moved between these hospital areas on 

541 occasions during the study period. Figure 7.14 shows all patient admissions at SMH over the study 

period, highlighting patient movement between hospital areas as an undirected bipartite network map. 

 

Figure 7.14 – Undirected bipartite social network map of patient interaction between hospital areas (inset shows nodes and 

edges in detail). Blue dots (nodes) represent unique hospital areas (e.g. wards) and red dots (nodes) represent patients. Lines 

(edges) between hospital areas indicate patient movement between those areas. 

To better illustrate which hospital areas and wards are most frequently associated with the 541 ward-

to-ward transitions of care, the flow of patients between hospital areas is shown in Figure 7.15. This 
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figure shows that some wards, such as the Clinical Decisions Unit (CDU) and Acute Assessment Unit 

(AAU) were more likely to be involved in transferring patients to other clinical areas (net outflow), 

whereas other areas, such as the Albert (surgical rehabilitation) Ward and Discharge Unit were more 

likely to have patients transferred in (net inflow). Areas with a net inflow were more likely to discharge 

patients to home than transfer patients to other hospital areas. Wards with the highest net outflow were 

further examined using the network map (Figure 7.14) to determine which wards patients from these 

areas are most frequently transferred to. 

 

 

Figure 7.15 - Patient flow (flux) between hospital areas at SMH. Each node represents a unique hospital area. Total number 

of patients transferred between areas is included as Overall Patient Flow (flux) and reflects the size of the node. The 

proportional patient flow (flux) indicated whether each area is more likely to have a net outflow of patients to other hospital 

areas (1.00), or a net inflow of patients from other hospital areas (-1.00) (higher proportion of patients being discharged from 

these areas).  

7.4.3 Subgroup analysis 
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7.4.3.1 Composition of medical vs surgical digital care teams 

Using data relating to the 1,265 patient spells under medical and surgical specialty groups, as outlined 

in the study flow chart (Figure 7.3), these analyses compared EHR activity between medical and 

surgical patients. Figure 7.16 compares the number of providers from each provider group for digital 

care teams looking after medical vs surgical patients. The numbers and proportions of providers were, 

in general, similar across both specialty groups. 

 

 

Figure 7.16 - Comparison of proportion of provider roles between medicine and surgical patients. 

7.4.3.2 Comparison of EHR activity in medical vs surgical patients 

Figure 7.17 compares activity per provider role in patients who were admitted under medical and 

surgical teams. For medical patients, there was a relatively higher proportion of events performed by 

healthcare assistants (HCA). In medical patients there were 229,421 events entered by HCAs (29.2% 

of total EHR activity), vs 103,674 events (14.7%) in surgical patients, despite the lower number of 

unique HCA providers in medical teams. Surgical patients had relatively more EHR events completed 

by nursing and midwifery providers (387,806 events, 54.9% of surgical patient EHR event activity) 

compared with medical patients (317,433 events, 40.4%). 
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Figure 7.17 - Comparison of proportion of events per provider role in medical and surgical patients. 

7.4.3.3 Comparison of ward-ward transfers in medical vs surgical patients 

Surgical wards were comparatively less likely to be associated with outflow to other wards, with 

patients on surgical wards such as Charles Pannett Ward, ISIC Paterson Ward and the Surgical 

Assessment Unit more likely to discharge patients than transfer them to other areas. Medical wards, 

such as the Acute Assessment Unit and Clinical Decisions Unit more frequently transferred patients to 

other inpatient medical wards such as Thistlethwayte Ward, Douglas Ward, Lewis Lloyd Ward or 

Witherow Ward, as illustrated in Figure 7.14.  

7.5 Discussion 

There is increasing evidence that ‘big data’ extracted from EHRs can be repurposed to support a wide 

range of activities416,417. These include clinical decision support118,417, medication cost analyses418, 

auditing of record access and security419, nosocomial infection monitoring403, workflow and clinical 

process analyses420 and collaborative network studies364,371. Following on from earlier chapters of this 

thesis that examined transitions of care between hospitals, this study has explored the secondary use of 

routinely collected EHR data to examine ‘digital care teams’ and transition of care processes within 

hospitals. 

 

The research reported in this chapter highlights both the scale and complexity of modern, 

multidisciplinary healthcare teams and processes. It shows that hospital providers and patients exist 

within a sociotechnical ecosystem that relies on communication to connect multiple constantly moving 

parts. This research has shown that within hospitals, transitions of care between providers, teams, wards 
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and settings are common and unavoidable given the large numbers of providers involved in inpatient 

care. The data presented has shed light on the frequency of these transitions, where and when they 

occur, and who is involved without requiring the use of traditional, resource-intensive, observational 

research methods. This discussion summarises and interprets the results from several sections of this 

research, before covering strengths and limitations and some of the key implications and future 

directions of this work. 

7.5.1 Comparison with previous studies 

Several previous studies have examined transitions of care between different inpatient settings16,421, 

providers and teams67,422 using observational and qualitative methods such a case note review, 

interviews and direct observation12,362. Many of these studies have related handovers and other 

transitions of care to patient safety incidents and adverse events and are discussed in later sections of 

this discussion.  

 

A large systematic review of doctors’ handovers in hospitals published in BMJ Quality and Safety by 

Raduma-Tomas et. al. in 2011 included 32 studies that used observational methods to study 

handovers362. Most of the studies identified for this review focussed on ‘sign-out’ handover meetings. 

The authors concluded that existing literature on doctor’s handovers did not fully identify where 

communication failures typically occur or influencing conditions and that this hampered the design of 

effective handover training and tools. This study highlighted the need for more detailed observational 

studies into the interactions between providers and conditions that lead to handover errors. A further 

systematic review published by Robertson et. al in BMJ Quality and Safety in 2014 focussed on 

interventions employed to improve intrahospital handovers and included 29 studies415. Outcomes from 

this review were limited by inconsistent study design and outcome measures. It was highlighted that a 

better understanding of handovers and how they relate to patient care and clinical outcomes was 

required. Although more recent studies have sought to provide a clearer picture of intrahospital 

transitions of care in several settings84,95, there remains a gap in our understanding of these complex 

processes. In recognising that the age of digital healthcare is upon us, our study sought to pick apart 

these care processes using an alternative EHR ‘big data’ source. The research outlined in this chapter 

facilitated an identification of ‘digital care teams’ that work together to provide inpatient care for 

patients. 
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Previous studies have sought to identify and measure the number and type of providers that form 

‘clinical care teams’ for hospital patients, using different methods to those employed in our study. Whitt 

et. al. studied the number of health professionals that a patient sees during an average hospital stay in a 

large teaching Hospital in New Zealand in 200749. In a retrospective review of paper case notes of 81 

patients, they reported that medical patients saw an average of 17.8 health professionals during their 

hospitalisation and surgical patients saw an average of 26.6 health professionals. The study also showed 

that, on average, patients had contact with a larger number of nurses (10.7) than doctors (6.0) or allied 

health workers (1.0)49. Our study showed a similar trend in the larger median sizes of digital care teams 

involved in the care of surgical patients (13, IQR 7 to 33), compared with medical patients (4, IQR 2 to 

35), and in team composition, with a higher proportion of nurses per patient than doctors or allied health 

workers. The lower overall number of providers per patient seen in our study likely reflects the type of 

admissions included, such as short admissions for diagnostic testing which were not included in the 

New Zealand study. 

 

There is a growing body of evidence to support the secondary use of EHR ‘big data’ in healthcare and 

patient safety research. Similar methods that were used in this study to determine team composition 

based on data from the EHR have previously been used in a study published in the Journal of the 

American Medical Informatics Association (JAMIA) in 2015 by Soulakis et. al, investigating 

collaborative healthcare provider networks involved in the care of heart failure patients364. This study 

found an average provider ‘clique’ size or provider network was 87.9 providers. Analysis of the specific 

roles of each provider in relation to the EHR or transitions of care between these providers was not a 

focus of that study. Another study published in JAMIA in 2017 by Chen et. al. used latent topic 

modelling and network analysis based on EHR records to try to infer patterns of collaborative care 

teams371. The authors then correlated these teams with inpatient clinical teams, suggesting that EHR 

data could be used to establish and manage collaborative care in complex health care systems371. 

 

A recent study conducted by another team of researchers from Imperial College and ICHNT that was 

published in BMJ Quality and Safety in 2021 also used EHR data in a case-control study to highlight 

the increased risk of nosocomial infections associated with patient transfers between wards403. This 

study used EHR data to identify ward-ward transfers and found that patient transfers between wards in 

the hospital was an independent risk factor for the development of nosocomial infection. 

7.5.2 Healthcare teams and interactions between healthcare providers 
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7.5.2.1 The size and composition of digital care teams 

This study showed that modern healthcare teams vary considerably in size, depending on the type of 

admission (emergency or elective), length of stay and the specialty under which the patient is admitted. 

On average, patients admitted for elective spells had a median of 3 (IQR 2 to 9) providers, whereas 

patients admitted for emergency spells had 19 (IQR 7 to 40) different providers involved in their care. 

The lower median number of providers involved in the care of electively admitted patients likely reflects 

the shorter duration and reduced complexity of admissions for many of these patients, a large proportion 

of which appeared to be elective day admissions for investigations or simple procedures. 

 

Unsurprisingly, as length of stay increased, the size of the digital care teams that contributed to 

individual patient’s care grew. Figure 7.5 illustrated the relationship between length of stay and number 

of providers. The non-linear relationship between length of stay and size of care team indicates that 

during prolonged admissions, the number of new providers that patients have contact with begins to 

plateau. The median number of providers in the digital care team was 31 for patients with an admission 

over 24 hours in duration and 64 for patients with an admission lasting five days or more. The largest 

digital care team for a single patient comprised 275 unique providers. This patient, who had an 

emergency admission under a medical team, had 43,218 events recorded on their EHR during their 

hospital spell. This demonstrates the potential size and complexity of healthcare teams that contribute 

to the care of patients over the course of a prolonged hospital admission.  

 

It was difficult to compare the size of digital care teams identified in this study with the size of clinical 

care teams in previous studies, as the length of stay of patients in those studies was not clearly 

reported22,49. The previous observation that patients can be handed over by doctors up to 15 times during 

a five day hospitalisation, and that a doctor might participate in 3000 handovers a month22, 

underestimates the true complexity of provider-provider handovers and interactions for a hospital 

patient with an admission of this duration. Our study found that patients with an admission lasting five 

days or more had a median 64 different providers involved in their care, indicating that there were a 

large number of provider-provider interactions that would likely not have been identified using the 

observational methods used in previous studies22,49. Our study also showed that there is a large range of 

provider types that comprise care teams, including nursing staff, healthcare assistants, doctors, allied 

health providers, clerical staff and others. The size and composition of digital care teams was illustrated 
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in Figure 7.6 and Figure 7.14. There was some minor variation in the proportions of each of these 

provider types between specialties, as shown in Table 7.8.  

 

There are several implications associated with the large size of teams involved in the care of hospital 

patients, particularly those with prolonged hospital admissions. Large care teams provide a potential 

challenge to care continuity and increase the requirement for effective communication and handover 

between providers. An high number of handovers of patient care increases the risk of patients being 

exposed to errors during these processes, which can lead to adverse events58. Lofgren et. al. also found 

that handovers between providers can lead to more laboratory tests being performed and longer inpatient 

stays376. The findings from this study highlight the need for effective methods of communication and 

information transfer between multiple providers involved in the care of hospital patients. Pertinent 

patient information needs to be communicated clearly through patient records, and this needs to be 

supplemented by direct communication through other methods. There is a clear role for digital 

technologies that simplify and streamline communication between providers involved in the care of 

hospital patients360. Whilst this study focussed on the role of provider-provider communication through 

the EHR, there are undoubtedly many other digital technologies and communication platforms in use 

within hospitals, including text messaging and communication apps, such as WhatsApp360. Data from 

these platforms is unstructured and not as accessible as the EHR data used in this study, which is a 

barrier to more comprehensively studying communication between providers at scale.  

7.5.2.2 Variation in the use of EHR systems by provider groups 

Despite the EHR providing a common repository for data sharing between hospital providers, this study 

has shown that the experience of interacting with these systems varies considerably between different 

types of users. Doctors were more likely to make notes and place orders, nursing staff and healthcare 

assistants more often recorded patient observations and clerical staff most frequently completed checks 

and forms. Whilst the general distribution of these roles is unsurprising, accurately quantifying the 

distribution of hospital work is novel and has implications for process and system design. 

 

Criticism of the poor usability and increased workload associated with the use of EHRs has been 

common in the published literature423–425. Previous studies have frequently noted that clinicians find 

existing EHR systems to be a point of frustration and inefficiency424, although the breakdown of 

‘clinicians’ in these studies and reports has not been well defined. This study has shown that the 
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experience of using an EHR system varies considerably between care providers. Different provider 

types, and even different levels of the same provider types, use different functions and aspects of EHR 

system and therefore may have disparate experiences associated with EHR interactions. This finding 

indicates that broad statements like ‘clinicians find EHR systems inefficient’ may not necessarily reflect 

the experience of all providers.  

 

This finding of disparate uses of the EHR system also raises questions regarding EHR interface design. 

There may be significant benefits in challenging the existing ‘one size fits all’ interface design 

approaches used by most EHR vendor systems426. Tailored interfaces for each provider type that 

simplify access to processes most frequently used by that particular provider may significantly improve 

usability of these systems. Further research, prototype design and role-specific usability testing in this 

area should be encouraged. 

7.5.2.3 EHR activity over the working day and working week 

There has been much debate over the twenty-four hour provision of hospital care and the ‘weekend 

effect’, with previous studies suggesting variability in the quality of care associated with ‘anti-social’ 

work hours427–429. The variability in the make-up and dynamic nature of co- dependencies and relative 

influences within the ‘digital care team’ across the day and week has not previously been investigated.  

 

In this research, the majority of EHR activity observed over the two-week study period at SMH occurred 

between 08:00 and 19:00. In general, EHR activity levels were similar during the week when compared 

with weekend days. Peaks in EHR activity seen in this study roughly correlate with morning and 

evening observation and medication rounds by nursing staff and healthcare assistants, as seen in Figure 

7.13. Dips in activity during the working day, between 7:00 to 9:00, 12:00 to 15:00 and 10:00 to 20:00 

correlate with nursing and medical handovers and protected mealtimes. One of the busiest periods of 

EHR activity during the working day on both weekdays and weekend days was around 17:00, 

correlating with the end of the traditional working day. Interestingly, there were some differences in 

peaks of hourly mean EHR activity between week and weekend days, with 12:00 being busier during 

the week and 21:00 being busier on weekend days. This may reflect differences in timing of shift 

changeovers between weekdays and weekend days, or other factors such as weekend visiting hours, or 

a higher proportion of emergency care being delivered over weekends. 
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7.5.2.4 Shift-to-shift handovers 

Handovers pervade modern hospital care but are heterogenous, complex and difficult to measure and 

compare in terms of frequency, quality, safety and other outcomes32,357,361,415. Shift-to-shift handovers 

are well studied in the literature and have been identified as an important process during which incidents 

can contribute to medical error7,361. A retrospective review of 334 intrahospital clinical handover 

incidents reported at Luton and Dunstable Hospital in 2010 found that 51% of incidents related to the 

transfer of patient care in the same specialty, of which 75% occurred during a change of shift372. This 

same study identified that 42% of incidents occurred in the specialty of obstetrics and gynaecology, 

12.2% in medicine for the elderly and 12% in general medicine. The most common handover-related 

incidents reported involved poor or incomplete handover (45%) or no handover at all (29%).  

 

In this exploratory research, we aimed to uncover novel insights into handover processes relating to 

frequency, timing, quality and safety, using routinely collected EHR data. In this study, there was 

limited quality data held within the EHR that pertained directly to shift-to-shift handover. This reflects 

local understanding at the institution studied that clinical handovers are often performed by both nursing 

and medical staff using paper, printed and hand-written notes. These events are therefore a ‘blind spot’ 

in the eye of EHR data. Direct observational methods would be required to provide further insights into 

the teams and processes involved in shift-to-shift handover at this institution.  

 

There are several published examples of electronic systems being used to facilitate handover in other 

organisations59,359,430. The digitalisation of shift-to-shift handovers may be a future focus for service 

improvement in hospitals where these processes remain paper-based. Early in the planning of this thesis, 

a study designed around a ‘black box’ to record shift-to-shift handover and retrospectively analyse 

handovers where medical errors have occurred was proposed but was not pursued. This interesting 

concept may warrant future research and develop audit processes that can contribute to learning and 

patient safety. 

7.5.2.5 Hospital discharges 

Discharges from hospital are a key area of interest in patient safety and transition of care research10. 

This study explored factors relating to EHR usage around the time of discharge for 1944 inpatient spells. 

A key focus of this research was on the completion and finalisation of discharge summaries. Discharge 

summaries are documents that communicate pertinent information from the hospital record to ensure 
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that primary care clinicians have the information that they need to deliver safe and effective care186. 

National standards imposed by NHS England and the Professional Record Standards Body (PRSB) 

dictate that a ‘discharge summary’ should be completed and sent electronically to the recipient 

provider/s in a timely fashion, ideally within 24 hours of discharge186,431. Several studies have shown 

that good quality discharge summaries and plans improve continuity of care and that these should 

include several components, including plans for primary care providers following discharge and 

medication reconciliation432. 

 

Our research showed that for 31.8% of finalised discharges, the primary clinician responsible for 

confirming and finalising the discharge summary was not involved in any preceding EHR activity for 

that patient. This figure fits with anecdotal experience of discharge summaries being omitted by doctors 

on the treating team at the time of discharge and completed at a later date by other clinicians once they 

are made aware that the summary remains incomplete. This observation may also reflect the fact that 

some admissions at the hospital, such as those for inpatient investigations or simple day procedures, 

may be performed by more senior clinicians that are less likely to complete discharge summaries, 

leaving these to be done by junior staff who had not directly been involved in care for those patients 

during the admission. Several studies have shown that well-coordinated, clear discharge summaries 

reduce the likelihood of rehospitalisation and other adverse events and post-discharge 

complications23,433,434. Most previous studies agree that discharge summaries should be completed by a 

clinician with a good understanding of the patient and their care requirements following discharge435.  

 

Although there are some limitations associated with the retrospective nature of the observation in this 

study, and the possibility of interactions with these patients outside the EHR, this finding highlights an 

important barrier to the completion of a good quality discharge summary. It is unlikely that a clinician 

that has not been involved in a patient’s care has a good understanding of that patient’s situation at 

discharge and could communicate the best possible summary of that patient’s care and discharge plans. 

This finding from the study was presented to senior clinicians at the hospital trust through a research 

meeting and communicated to the trust Director of Strategy, Research and Innovation through a separate 

meeting regarding this research project in 2020. The research group hopes that this will lead to better 

support for clinicians to complete timely discharge summaries for the patients that they have directly 

cared for, rather than having other clinicians complete these. Wider dissemination of this finding, and 

others from this study, through a research publication is planned.  
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7.5.2.6 Ward-ward transfers 

There are many reasons for patients to be moved around wards and hospital locations during their 

hospital stay, including for investigations or treatment, clinical need, changes in bed availability or 

patient preference. In recent years, pressures on hospital bed availability in the NHS related to an aging 

population and bed reductions436 have increased the importance of optimising bed flow, which often 

involves intrahospital transfers of patients between wards and other hospital areas403. Inpatients at St 

Mary’s hospital during the two-week study period in this research were involved in 541 transfers 

between hospital areas, highlighting the frequency of these ward-ward transfers in the institution 

studied.   

 

In most hospitals, a large proportion of care providers, such as nursing staff and allied health providers, 

are attached to a particular ward or hospital area. The flow of patients between hospital areas are 

significant from a transition of care perspective as they generally involve a change in most of the 

providers that are caring for the patient. These movements to new teams based in different locations 

within the hospital can expose patients to transition of care errors and adverse events16,421. Each time a 

patient arrives on a new ward, they are likely to meet new care providers, have medications re-allocated 

and be exposed to several additional processes that involve increased risk. As discussed earlier in this 

discussion, ward transfers have also been associated with an increased risk of nosocomial infection 

through a study using EHR data from the same institution that was the focus of this research403. 

7.5.3 Strengths and limitations of this study 

This study examined a large cohort of inpatient participants over a two-week hospital period. The 

analysis of nearly 2000 inpatient spells and over 1.7 million EHR events provided a sufficient volume 

of data to thoroughly examine most of the research questions addressed in this thesis section. The output 

from this body of work has clearly demonstrated that the ‘big data’ held in EHRs can help us to better 

understand healthcare processes, including transitions of care. 

 

The research reported in this section was broad and exploratory by nature. Identifying a small number 

of key healthcare processes associated with inpatient transitions of care was essential to limit the breadth 

of this work. Coordinating a multi-stakeholder engagement event enabled us to bring together 

healthcare consumers, providers and other key stakeholders with a vested interested in the development, 

implementation and evaluation of research outcomes and potential interventions resulting from this 
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work. Multi-stakeholder involvement has been show to increase healthcare consumer satisfaction with 

care, improve empowerment and contribute to policy changes437–439. In this study, focus groups enabled 

key stakeholders to (1) work together to identify a large range of transition of care processes that exist 

within hospitals and (2) work together to identify research priorities to improve service delivery and 

patient safety. 

 

The EHR data work conducted in this section was undertaken by a large multidisciplinary team 

including the author and primary investigator (LW), a clinical colleague and data scientist (JC), a 

medical/masters student (JN), a clinical academic (GM), several hospital research informatics and 

clinical governance experts (BG, LM, DP) and research supervisors (SA, AD). Working as a 

multidisciplinary team was a particular strength of this research and allowed several complex challenges 

from hypothesis generation to data processing to be overcome. In this project, the available clinical 

expertise was essential to the classification of healthcare events and providers. The novel classification 

and sub-classification of over 500 different EHR event types into checks, laboratory results, medication 

administration, notes, observations, radiology administration, radiology reports, referrals and orders 

was complex and required several iterations. This classification was developed as part of a thorough 

consultation process within the research team and may be of value to future research using big data 

from EHRs. 

 

A key methodological limitation of this study was that many interactions between different providers 

and between patients and providers would not have been recorded in the EHR system and are therefore 

a ‘blind spot’ from the perspective of EHR data. There are also many other digital and non-digital 

platforms that clinicians use to communicate that were not captured through this study360. Clearly, 

neither traditional observational methods, nor the use of EHR data will, in isolation, provide a 

comprehensive view of all interactions and transitions of care within a hospital. Further research that 

directly compares observations of care transitions via video recording of provider interactions and those 

identified over the same time period through the EHR system is planned at Imperial College and 

ICHNT. Our research group intends to contribute to this project and share experiences and methodology 

from the EHR perspective in this proposed study. 

 

As a single-centre study, there are some limitations associated with generalising the results from this 

study to other hospitals and settings, although the general patterns of clinical care and EHR use are 
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likely to be similar across hospitals. Systems and clinical pathways at SMH are likely to differ from 

other hospitals. ICHNT is one of 16 NHS England ‘digitally advanced’ Global Digital Exemplar 

trusts244. Data infrastructure at ICHNT is therefore more developed than it is at many other hospitals in 

the UK, several of which still use paper health records440. There are some important findings for this 

study that are relevant to trusts that are in the process of procuring and developing digital infrastructure. 

It is clear that the EHR is a crucial interface between providers and patient care. Hospital systems and 

procedures need to work in unison with EHRs to maximise efficiency and safety. Despite being from a 

single centre, this study still provides insights to managers regarding the likely roles performed by 

different types of providers and how and why these may affect clinical activities and staff provisioning. 

 

In this study we excluded paediatric patients and mental health patients from analyses. Mental health 

patients were excluded as the mental health unit at St Mary’s hospital uses a different health record 

system to the rest of the hospital. Similarly, providers in the Intensive Care Unit at SMH often use a 

different record system to the Cerner Millennium system used in other hospital areas from which data 

for this study was extracted. Data from patients treated in the ICU that were included in this study is 

therefore unlikely to be complete in terms of the number of EHR events and composition of care teams 

during that period of care. 

 

There were several complicating issues associated with extraction of the required data. As mentioned 

in the methods section, several iterations of the dataset required extraction due to deficiencies and 

inconsistencies in initial datasets. These included missing order data, which was stored separately to 

other event data, and limited descriptions of provider roles included in initial iterations of the data. 

These were identified through manual exploration of data and following identification of deficiencies 

following initial analyses. Such complexities of data are typical of ‘big data’ sources that are used for 

secondary purposes441.  

 

In the subgroup analysis of medical vs surgical patients, overall numbers of patient spells were 

comparable (719 medical patients vs 546 surgical patients). There were, however, differences in these 

groups as shown in Table 7.5 including median length of stay, which was less than 24 hours (0 days, 

IQR 0-3) in medical patients and 1 day (IQR 0-3) in surgical patients. This likely reflected a higher 

proportion of medical patients admitted for inpatient investigations, such as endoscopy, leading to a 

lower median number of providers and events per patient spell in medical patients. These differences 
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in the types of admissions between medical and surgical groups may have also contributed to the 

different proportions of providers caring for patients under each group. For example, patients admitted 

for inpatient investigations may have been more likely to have their care provided by healthcare 

assistants. Further subgroup analyses within the medical and surgical groups, for example including 

only ward-based patients or those with a stay >24 hours, may provide further insights into ward-based 

care between these groups. 

7.5.4 Data quality and interpretation 

There were several dataset complexities that reflected the ‘real-world’ nature of the EHR ‘big data’ 

included in this study. There were several unexpected trends identified in the data extract that required 

a real word understanding of clinical care within the institution studied to explain. An example of this 

was observed in the discrepancy between the expected and actual event types performed by ‘Medical 

Secretary Access Role’ and ‘Admin/Clinical Support Role’ providers. As outlined in the methods 

section, the events recorded by these roles were more consistent with that of a Healthcare Assistant, 

rather than what would be expected of an administrative provider. Questioning this finding with staff 

on the wards, it was identified that this was likely to reflect the fact that the computer login IDs for 

these clerical staff may be used more frequently by Healthcare Assistants, who were able to record 

observations and other events using clerical staff ID cards and EHR logins. This example demonstrates 

the value of access to clinical, ‘real world’ knowledge when analysing and interpreting EHR data. 

 

An involved data cleaning process was required in the early stages of this work to remove events with 

missing data and poorly defined data points such as those labelled ‘???’ and duplicated data. All key 

decisions on data cleaning were addressed through a process of consensus with at least two clinical 

researchers. Due to the exploratory and descriptive nature of the research described in this chapter, more 

complex statistical analyses of outcomes were not undertaken. Further research focussing on specific 

areas of this initial exploratory work is planned to provide more in-depth analyses of some section of 

the work described. 

7.5.5 Implications for hospital discharge and follow-up 

The pictographs depicting the care teams involved in a patient’s care, as shown in Figure 7.6, may be 

used to show patients the number or providers and complexity of teams that were involved in their care 

during their hospital admission. Using real-time analytics, such illustrations could be generated 
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relatively seamlessly from patient’s routinely collected health record data. We are in ongoing 

discussions with our local hospital trust regarding the possible inclusion of these care provider team 

illustrations on discharge summaries for patients. This may help patients to understand the complexity 

and value of the care provided to them during their hospital stay. Furthermore, the attribution of EHR 

event frequency per provider involved in the care of an individual patient, as shown in Figure 7.7, helps 

highlight ‘key providers’ that were most frequently involved in caring for the patient during their 

admission. This allows for identification of a patient’s ‘primary junior doctor’ or ‘primary nurse’ during 

a stay. This could be useful when patients or other healthcare providers needed to target contact to a 

particular provider that knew the patient during their admission to question events during the admission 

of follow-up plans. 

7.5.6 Implications for improving operational efficiency and performance 

This research has shown that a departmental and operational level, insights from the electronic health 

record may be used to optimise performance and drive productivity. This could generate time and cost 

savings by improving the use of existing resources. If the data used in this study was available as a real-

time feed, dashboards to monitor current hospital activity could be an invaluable resource to manage 

hospital resources. For example, if a hospital operations team were able to observe that one ward was 

particularly busy with a spike in EHR activity or a reduced number of active providers, staff may be 

able to be diverted from quieter areas of the hospital to assist with the workload. There are innumerable 

other applications that could benefit the efficiency and performance of hospitals with access to the rich 

data held within EHR systems highlighted through this study.   

 

Interventions to support communication between care providers, such as handover mnemonics and 

electronic communication support tools have recently emerged to address some of the challenges 

associated with communication between healthcare providers59,359,442. Given the complexity of 

intrahospital transitions of care identified in this study, there is clearly a role for digital tools to support 

interactions between the increasingly large teams that care for hospital patients. The use of novel digital 

applications such as Streams, a health record interface and communication tool developed between 

Imperial College London and Deepmind/Google Health137 that improve access to patient information 

and aim to more seamlessly facilitate communication between care providers should be supported by 

healthcare organisations and funders. With an increase in the use of digital tools, however, it is 

important to acknowledge that information technology does not sit in an isolated technological bubble. 
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Hardware and software sit within a complex sociotechnical framework involving multiple dimensions 

(people, workflow communication, organisational policies, external rules and regulations)106, some of 

which have been highlighted in this chapter. In order for health IT innovations to result in demonstrable 

benefits for patients they also need to take into account and focus upon wider aspects of the complex 

system in which they sit. As the NHS continues on its digital transformation it will be increasingly 

important to develop robust methods to assess the impact of these digital tools and innovations on 

communication and collaboration within care teams.  When evaluating new digitally-enabled 

interventions in healthcare, it will be critical to understand their impact on the wider multi-professional 

healthcare team and the complex human interactions that underpin it to mitigate negative impacts443. 

At a local institutional level, the research team involved in this study intends to use the data and output 

of this research to improve local organisational performance and efficiency. ICNHT is one of the largest 

NHS Trusts in the UK and one of 16 Global Digital Exemplar’s (GDE) in the NHS. As such it is a 

reference organisation for the delivery of high quality healthcare through the world-class use of digital 

technology and information244. It has an active program of innovation and rapid adoption of new digital 

care tools and has a current project to implement a new application to aid in the delivery of patient and 

clinical information, and facilitate professional communication and collaboration on a mobile 

smartphone based application137. At the outset of this project, the research team involved in this project 

intended to dovetail the findings from this evaluation into the planned implementation of the Streams 

technology platform to undertake a pragmatic and opportunistic evaluation of the impact of these 

innovations on the ‘digital care team’ as they were introduced at the Trust. We hope that this process 

will form part of an embedded service evaluation program that is being conducted at the Trust. 

7.5.7 Implications for electronic health record design and implementation 

This research showed large differences in the EHR functions used by different types of healthcare 

professionals. For example, 47.0% of nursing and midwifery EHR activity and 74% of healthcare 

assistant EHR activity related to the recording of patient observations. On the contrary, the recording 

of observations constituted only 0.5% of doctor activity, with doctors much more likely to use the EHR 

for placing patient orders (34.7% of doctor EHR activity). Large variation in the type of EHR functions 

performed is incongruent with the current ‘one size fits all’ approach to provider facing EHR interfaces. 

To streamline workflows and simplify the EHR experience for users, EHR interfaces and processes 

could be tailored specifically to user types. For example, nursing staff and healthcare assistants might 

have a patient’s observation charts as their ‘home screen’ when opening a patient’s record, whereas 
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doctors might be directed straight to order screens. Design approaches that reduce EHR complexity and 

improve the user experience may reduce dissatisfaction and clinician burnout associated with the 

current difficulties of EHR system use424,444,445. 

7.6 Conclusion 

There is an increasing recognition that healthcare sits within a sociotechnical system and new 

approaches to identifying, measuring, and improving healthcare are required. In the context of digital 

technologies and the sociotechnical bubble within which they sit, this research has broadly covered 

several aspects of modern hospital care, with a focus on intrahospital care transitions. This work has 

shown that EHR ‘big data’ can be used to identify and measure intrahospital transitions of care and 

other care processes. 

 

The research presented in this chapter involved in-depth analyses of routinely collected electronic health 

record (EHR) data. It is clear from this study that these data can be used to better understand the 

composition of healthcare teams and complex interactions between healthcare providers. The secondary 

use of EHR data is an exciting new field in clinical informatics. This will offer new insights into 

healthcare processes as the use of EHR systems increases and expertise in extracting and processing 

EHR data expands. This study has provided novel insights into complex clinical processes including 

provider-provider interactions, handovers, discharges and ward transfers. The overlap between 

healthcare providers, teams, handovers, ward transfers, discharges and electronic health record systems 

reflects the reality that these providers, processes and technologies are intrinsically linked and 

intertwined into the fabric of care.  Medical records, including EHRs, are positioned at the centre of 

clinical care within hospitals, alongside patients, and should be a focus of efforts to improve the 

communication of health information between members of healthcare teams both within and outside 

the hospital setting.   
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 - Working with patients and the public to develop an interactive digital Electronic 
Health Record (EHR) interface 

8.1 Introduction 

The final chapter in this thesis moves the focus back on the most important stakeholder during 

transitions of care: the patient. The previous four chapters have clearly shown that transitions of care 

between settings, teams and providers are a common, complex and unavoidable reality of modern 

healthcare. Chapters four and seven highlighted how digital technologies, including electronic health  

records, have become a key component of healthcare ecosystems. Analyses at a system and hospital-

level showed how these technologies can both assist and complicate transitions of care. Evidence from 

this thesis and elsewhere in the published literature indicates that  patients often find transitions of care 

to be disjointed, difficult to navigate, disempowering, burdensome, and frustrating78,446. In chapter two, 

interviewed hospital inpatients identified that access to, and engagement with, their own health records 

during care transitions would improve the continuity of care that they experienced. Many patients want 

to be empowered and involved in their own healthcare, but existing digital technologies can act as a 

barrier, rather than a facilitator to empowerment447. Patient perspectives are rarely considered in the 

design of healthcare interventions and technologies448. This chapter reports on research that aimed to 

involve and engage patients and members of the public in planning and designing a digital health record 

interface for use during transitions of care. 

8.1.1 Failures of existing healthcare technologies from a patient perspective 

Health technologies, such as electronic health records (EHRs), are increasingly used across all levels of 

healthcare426. During care transitions between settings, teams and providers, EHRs are often relied upon 

as the key repository of patient information. Despite the widespread use of EHRs for over a decade, 

there remain issues relating to poor interoperability between systems, difficulties with synthesising 

EHR information, decreased efficiency and perceived dehumanisation of patients and their story 

associated with these electronic systems154,440,444. These deficiencies act as a barrier to effective 

information sharing at an organisational, provider and patient level155. Many legacy EHR systems were 

initially designed to primarily support organisational management and billing227. These administrative 

functions may conflict with their use as a clinical system used by providers and a reference and 

communication system for patients accessing their own health records444. If patients are to be 

empowered and involved in managing their own care, accessibility and design deficiencies of current 

systems need to be addressed, and patients need to be at the forefront of improvements. 



 

 

257 

8.1.2 Human factors and ergonomics in healthcare technology 

Failure to understand and act upon the user experience is a fundamental error in the design of any 

service or technology. A systems’ approach known as human factors and ergonomics (HFE) has grown 

in popularity in healthcare research and system design over the past decade75. HFE is a scientific 

discipline concerned with understanding interactions among humans and other elements of a system75. 

This approach applies theory, principles, data and methods of design to optimise human wellbeing and 

system performance75. Systems that integrate human factors improve performance by designing 

processes that consider and support human-related strengths and limitations within a system, and also 

those of the system itself449.  

 

If patient empowerment is to succeed in delivering safer, higher quality care, a human-factors derived, 

data-driven approach to innovation and improvements is required. To ensure patients are at the centre 

of these new systems, and able to access and use them, they should be involved early in the development 

and design process. Improved patient-facing interfaces on digital systems is a clear mechanism to 

improve the utility of electronic health records for patients445. A design partnership between providers 

and patients may improve quality performance through increased engagement and more efficient use 

of longitudinal digital health records450.  Improved access to, and usability of, these records by patients 

may reduce some of the existing pitfalls associated with transitions of care. 

8.1.3 Patient and public involvement and engagement (PPIE) and participatory design 

Patient and Public Involvement and Engagement (PPIE) is a mechanism that fosters communication 

with people who have lived experience of specific health issues and ensures their voice and insight 

helps inform translational research451. It involves sharing and discussion of knowledge and information 

about research with patients and the public. This helps to form an active partnership between patients, 

members of the public and researchers. It allows research to be carried out ‘with’ or ‘by’ patients and 

members of the public, rather than ‘to’, ‘about’ or ‘for’ them396. Involvement of patients and the public 

can provide valuable contributions to projects as these groups may have aspirations and thoughts about 

issues that health care professionals and researchers may not have considered 397. 

 

Participatory design, or co-design, is a design approach that attempts to involve relevant stakeholders 

in the design process to ensure that the output meets their needs and is useable452. Participatory design 

focuses on allowing the user to be a legitimate and acknowledged participant in the design process453 
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and gives voices to those not in positions of power and decision making454. Participatory design has 

been shown to be a productive research and planning tool to address complex clinical processes455–457. 

Alongside PPIE, participatory design can therefore help guide clinical service improvement and 

healthcare technology design452,458–460. This project involved and engaged past, current and future 

patients in the research, development and co-design of health technology aimed at improving transitions 

of care. 

8.1.4 Aims of this study 

This research aimed to develop an evidence-based electronic medical record interface and design 

process by involving and engaging patients and the public. Through structured workshops, this work 

aimed to provide a collaborative setting to guide the design of a digital interface to improve patient 

engagement with their medical records. 

8.1.5 Objectives of this study 

• To provide a forum for the public to discuss current difficulties relating to the transfer of patient 

information during transitions of care and how this can be researched 

• To educate patients and the public about existing challenges associated with the transfer of 

patient information during transitions of care 

• To determine the effectiveness of workshops as a framework for researching public and patient 

perspectives on the design of new digital healthcare technologies 

• To involve and engage the public and patients in a participatory design process to develop a 

digital health record interface 

• To develop a web-based interactive digital health record timeline using design principles 

identified through a participatory design and PPIE process 

8.2 Methods 

8.2.1 Study design 

This study used a mixed-method design that incorporated questionnaires and observational methods 

delivered through framework of a workshop. An initial workshop pilot study was followed by the 

delivery of two multi-step workshops. 
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The workshop structure was used to provide a systematic framework for the research and design 

methods selected. The term ‘workshop’ generally refers to a process of creative group problem-

solving461. The application of workshops as a research methodology therefore carries dual purposes of 

fulfilling participants’ expectations to achieve something related to their own interests, while producing 

reliable and valid data about the domain in question462. Principles of participatory design were applied 

throughout the workshops. The use of case vignettes within workshops has been identified as a useful 

method of involving and engaging health care users in co-design458. 

8.2.2 Researchers and affiliations 

Two healthcare graphic designers (MH and MM), joined this research project to add expertise on 

delivery of the workshops and design activities undertaken by participants. Both graphic designers are 

based at the Helix Centre, a digital innovation and graphic design hub based at Imperial College 

London. The Helix Centre was established in 2014 as a joint venture between Imperial College and the 

Royal College of Art (RCA) and specialises in human-centred design and the development of clinically-

evaluated digital solutions463. All facilitators had previous experience in facilitating group forums 

and/or participatory design. 

8.2.3 Setting 

An application was made to hold the workshops at the Wellcome Collection during a major health and 

design exhibition ‘Can Graphic Design Save Your Life?’. The developed workshops, titled ‘Drawing 

on Your Own Experience’ were awarded a full-day workshop space and support of the Wellcome 

Collection. Workshops were hosted at a large exhibition space in the Wellcome Collection building in 

Central London. Two back-to-back, identical workshops involving different participants were 

conducted. The duration of each workshop was 90 minutes.  

 

The target setting for interventions designed by participants were points of care transitions between 

healthcare settings, teams and providers.  

8.2.4 Participant recruitment 

To achieve the aims of this project, a sample of the general public was deemed the most appropriate 

and accessible target group. We aimed to recruit a broad range of ages and backgrounds, whilst ensuring 

an accessible method of recruitment for potential participants. To limit barriers to recruitment and to 
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conform with institutional approval for the study, we did not request patients to provide their own 

personal medical histories or active health issues during the study. Participants were recruited through 

advertisement of the workshops on a publicly accessible website, hosted in conjunction with the 

Wellcome Collection, links to which were disseminated through social media applications. Capacity 

was also reserved for a limited number of walk-in participants on the day of the workshop to ensure 

that potential participants without access to the online portal could join. Registration for the workshop 

was conducted on a first-in, first-served basis. Capacity was limited to 25 participants per session. 

Participation in the workshop was voluntary and unpaid. 

8.2.5 Ethical considerations 

This study was reviewed and approved through the Imperial College Joint Research Compliance Office 

(JRCO) as a service-improvement/design project. Further ethical approval was not required, as 

indicated by the JRCO and in line with the National Research Ethics Service (NRES) and INVOLVE 

joint statement on the position of ethics and PPI464. No identifying personal or medical information was 

obtained or recorded for the purposes of research or any other use. All participants provided written 

consent for images and output from the workshop to be published. 

8.2.6 Workshop procedure 

The workshop procedure was based on previously published participatory design principles398,465 and 

validated workshop methods. These included the use of case vignettes and step-by-step workshop 

methods published in the literature 458,459. The target workshop duration was approximately 90 minutes 

per session. 

8.2.7 Pilot study 

A small-scale preliminary pilot study was conducted to evaluate feasibility and to assess appropriate 

timing of planned workshop activities. This pilot study was conducted with four participants recruited 

via opportunistic sampling. Feedback and observations from the pilot study assisted in guiding the 

structure and content of the final workshops. Suggestions included adding additional contextual 

information during the first step and more time to complete the workshop design activities. 

8.2.8 Workshops 
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Two identically structured workshops followed the developed seven-step procedure displayed in Figure 

8.1 and outlined in further detail below. 

 

 

Figure 8.1 – Seven steps of workshop procedure and data collection schedule, including composition of groups, duration of 

activity and data collection methods. 

1. Introduction to problem 

 

This first part of the workshop involved an introduction to the and evidence-based review of existing 

problems with electronic health records and health information exchange during patient transitions of 

care. Participants were shown examples of existing digital medical record interfaces and encouraged to 

consider how the design of these might be improved for patients. An overview of the workshop 

procedure and objectives was provided, along with the opportunity for initial questions from 

participants. 

 

2. Individual design activity 

 

Workshop participants were invited to complete two questionnaires relating to design in healthcare. 

Questionnaires asked participants to make associations between colours and common clinical events 

and associations between shapes and common clinical events. Twelve clinical events were provided, 



 

 

262 

and each could be matched to only one colour or shape. Each colour or shape could be used more than 

once. Questionnaires were completed anonymously and individually by participants. 

 

3. Background to design in healthcare 

 

A presentation on the role and importance of human factors and graphic design in healthcare was 

provided to participants. This section was led by a graphic designer with over five years’ experience in 

healthcare graphic design. This was a didactic presentation that provided examples of previous 

innovative and successful design approaches that addressed healthcare problems, including transitions 

of care. 

 

4. Small group vignette activity 

 

This was an interactive segment of the workshop that asked participants to work in small groups of 4 

or 5 to develop a prototype interface design to graphically depict a patient medical history. One of five 

different fictional clinical vignettes, each containing approximately 10 clinical events, was provided to 

each participant. Images of the different clinical vignettes are shown in Figure 8.2. Each participant was 

initially provided with an open-ended questionnaire that related to the graphical depiction of a patient 

medical history. The 4 questions within this questionnaire covered perspectives on design principles, 

design structure and design elements including graphics and colours. These questionnaires were 

completed independently prior to the group work. In groups, designs were then produced using 

cardboard cut-outs and coloured pens on paper to depict the interface of a computer, tablet or 

smartphone device. 

 

5. Group presentation and feedback 

 

Following the group task, participants nominated a group member to present the developed group 

prototype to the researchers and other workshop participants. They were asked to describe the overall 

structure of the design and specific details that they felt would benefit communication of the data 

provided with a potential user. Observation of interface design prototypes was conducted 

retrospectively using photographs of all designs which were independently analysed and categorised by 

two researchers. 
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6. Debrief 

 

This short segment facilitated an interactive group discussion regarding the tasks performed and overall 

perspectives on the workshop session within the setting of an open forum. Participants were encouraged 

to discuss what they had learned about transitions of care during the workshop and challenges that they 

had faced during the design process. 

 

7. Workshop feedback and evaluation 

 

Individual evaluation of the workshop was undertaken by participants using a semi-structured 

questionnaire. Questions covered the workshop experience and participant perspectives on the utility 

of the workshop to address the problem presented in step 1 (Figure 8.1). Evaluation questionnaire forms 

were confidential and anonymous. 

8.2.9 Instruments 

Colour and shape association questionnaires (step 2, Figure 8.1) used a closed-ended category-matching 

format. The design principles questionnaire used an open-ended format with four questions. Clinical 

events used in the questionnaires were developed using a process of identification and refinement 

through consensus with two active clinicians with over five years of healthcare experience (including 

LW). Case vignettes were also developed by two clinicians. Each vignette aimed to capture a range of 

common clinical events including new diagnoses, investigations and interventions for each fictitious 

patient. These were written as a text block to minimise seeding of design structure. Verbal design briefs 

were provided to participants by a clinician (LW) and healthcare graphic designer (MH) and aimed to 

be broad to limit bias. Evaluation questionnaires used in step 7 (Figure 8.1) included 12 multi-point 

Likert scale questions. 
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Figure 8.2 – Groups of participants developing digital interface designs based on clinical vignettes.  

The primary outcome for this study was interface design principles and components for digital medical 

records, as identified by participants. Patient and public perspectives on, and satisfaction with, the 

workshop procedure as an educational tool and participatory design process was also evaluated as 

secondary outcomes. 

8.2.10 Data Analysis 

Ordinal data from questionnaire Likert scales were collated and analysed using Microsoft Excel. 

Qualitative content analysis from open-ended questionnaire sections was analysed to identify categories 

and themes using a modified Framework Method148. Content was initially reviewed line-by-line 

independently by two researchers. An inductive approach using open coding and development of an 

analytical framework preceded the generation of several emerging themes. Themes were then refined, 

discussed between researchers to reach consensus, and interpreted for discussion and finalisation. 

 

Retrospective observational analysis of the group task output was restricted to overall themes due to 

the complexity of content and to minimise the impact of bias. Themes for designs were allocated based 

on thematic analysis of designs generated during the open-ended individual questionnaire responses 

during step 4 (Figure 8.1). Using these themes, each group prototype design was classified into one of 

three categories: a) timeline design, b) anatomical design, c) other design. Analysis of photographs of 

each interface design was undertaken independently by two members of the research team (LW, MH). 

8.2.11 Development of a prototype interface using workshop output 
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Following completion of the workshops and analysis of results, a prototype interface design based on 

the workshop output was generated, as outlined in the results section below. This initial prototype was 

a simple computer-generated figure using the timeline design and design principles, colours, shapes and 

other components highlighted through the participatory design process. 

8.2.12 Digitalisation of the prototype interface 

8.2.12.1 Identifying and procuring software to support a digital platform 

Conversion of the prototype interface design to an interactive and functional prototype required 

digitalisation using suitable software. An extensive scoping process was undertaken to identify potential 

software solutions. Online searches with consultation support provided through the Helix Centre was 

undertaken to identify suitable software platforms that met the following criteria: (a) flexibility (b) 

reliability (c) accessibility (d) aesthetic and minimalist design (e) functionality support (f) affordability. 

 

Several potential solutions were shortlisted and reviewed by our research group. The most suitable 

software solution identified was TimelineJS (Knight Lab, Northwestern University, Illinois, USA). This 

is a JavaScript-based, open-source software package. This package enabled the embedding of an 

interactive design prototype on a web page openly accessible to all potential stakeholders, preventing 

the need for users to download additional software. The timeline interface design using this package 

was able to be personalised to closely reflect the designs generated through the workshops. Data 

embedded within the digital timeline was able to be held securely on a user-generated Google 

spreadsheet file. Additional data-security measures were not required as no actual patient data was used. 

All data held in the Google spreadsheet and embedded within the website was manually generated for 

the purposes of demonstration. All images used for demonstrative purposes were copyright-free and 

open-source. 

8.2.12.2 Development of digital interface 

To support the visual display and accessibility of the digital timeline interface, a webpage was produced, 

and suitable domain name obtained (www.ourhealthstories.com). This domain name was selected to 

emphasise the concept of ‘stories’ presented through the timeline design and the ownership of health 

information by those that contribute and use their personal health data held in medical records. In 

addition to hosting the digital interfaces, the web page was designed to provide background to the 
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project and contact information. Screenshots of the webpage showing the design and interactive 

timelines are included in the results section. 

8.2.12.3 Evaluation of web-based digital timeline interface 

Usability-testing and formal evaluation of the web-based prototype interface is planned by the research 

group but not currently completed or included in this report. 

8.3 Results 

8.3.1 Clinical event colour association 

A total of 48 participants were recruited and attended the workshop sessions. Forty participants 

undertook the task requiring the matching of 12 clinical events with 12 colours. There was consensus 

between participants for a principal colour match for several clinical events, as illustrated in Figure 

8.3A. Fifty-six point four percent (22/39) of participants indicated that a blood test should be graphically 

represented by the colour red, 50% (19/38) indicated that ‘living at home’ was appropriately indicated 

by white and 47.4% (18/38) that red was the best colour to associate with an Intensive Care Unit 

admission. Imaging was felt to be best represented by black (27.5%, (9/35)) or grey (27.5%, (9/35)).  

8.3.2 Clinical event shape association 

40 participants undertook the task requiring the matching of 12 clinical events with nine shapes. 

Participants independently agreed on a principal shape match as illustrated in Figure 8.3B for several 

clinical events. Of the presented shapes, 45.9% (17/37) of participants felt that a hospital admission was 

most appropriately depicted with a cross, 41.7% (15/36) allocated a triangle to an operation and 39.5% 

(15/38) a circle to the birth of a child. 
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Figure 8.3 -Association of colours (A) and shapes (B) to clinical events and relative frequency of principal choice(s). 

8.3.3 Design principles 

Several key themes relating to the design of a digital health record interface for use during care 

transitions were identified following coding and thematic analysis of responses to the design principles 

questionnaire. Three key themes were agreed upon through consensus, each with several sub-themes 

allocated. Key themes identified were: 

8.3.3.1 Overall design principles 

Several participants noted that an interface design should focus on simplicity, clarity, beauty and user-

friendliness. They felt that a design should be intuitive, engaging and enjoyable to use. They emphasised 

the importance of accuracy of information, the ability to rapidly assess information and the need to 

incorporate the diversity of disease. Some participants proposed that there should be a ‘hierarchy of 

information’ where emphasis is placed on more important, severe or relevant medical problems. 

8.3.3.2 Design structure 

Most participants commented that the structure of an interface design should be simple. Several 

overarching design structures emerged including a timeline design, anatomical-based design, calendar 

design and more abstract designs such as a cabinet with drawers corresponding to different medical 

problems. 

A B
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8.3.3.3 Design elements 

Participants identified the utility of interactive features and the use of infographics. Emphasis was 

placed on the use of colours, in particular the use of bright, primary colours and the use of colour to 

represent disease status, severity, or corresponding medical specialty. Some participants suggested the 

use of warm colours such as red, orange and yellow to reflect severe problems and blue or green for a 

normal, non-active state. The use of either geometric or organic shapes was suggested as an important 

interface design element. 

8.3.4 Group vignette activity 

Over the course of the two workshop sessions, ten small groups of 4 or 5 participants generated ten 

prototype interface designs through the small group vignette tasks. There was agreement between 

researchers on the categorisation of all designs assessed. Six (60%) prototypes were identified as using 

a timeline-based design, two (20%) prototypes used an anatomy-based design and two (20%) prototypes 

used other designs. 

8.3.5 Workshop evaluation 

Quantitative evaluation questionnaires were undertaken by 43 participants. Non-responses to individual 

questions were excluded from analysis. Outcomes from the Likert-type scales included in the 

questionnaires are shown in Figure 8.4. All responding participants found the workshop interesting and 

enjoyable. Seventy-eight-point six percent (n=33) of participants felt that the workshop was useful and 

79.1% (n=34) reported that it improved their understanding of the challenges of health information 

exchange during transitions of care. Forty-seven point six percent (n=20) of participants felt that the 

workshop improved their understanding of the health care system and 39% (n=20) indicated that they 

will change their communication with healthcare professionals following the workshop.  
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Figure 8.4 - Participant evaluation of workshop from a 3-point Likert-type scale (Disagree, Neutral, Agree). 

8.3.6 Development of a prototype interface 

Following completion of the workshops, the research team developed an initial prototype EHR interface 

design based on key design principles and elements identified in the workshops. This prototype design 

is shown in Figure 8.5. Shapes and colours that workshop participants felt best reflected particular 

clinical events were used within the prototype design. Where workshop participants had selected the 

same colours for different clinical events, such as operations and complications, different shades of 

these colours were used in the prototype design.  

 

 

Figure 8.5 - Prototype EHR interface design based on input from workshop participants. 

8.3.7 Development of web-based interactive digital health record interface 

Digitalisation of the prototype interface was undertaken using specialised timeline software as 

described in the above methods section. This facilitated online publication of the interactive interface 

design on a dedicated, publicly accessible website (www.ourhealthstories.com). Several screenshots of 

the website content and included interactive digital health record interface are displayed in Figure 8.6. 
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Figure 8.6 - Six screenshots from the developed website displaying the interactive interface and example details of content 

relating to elements within the timeline interface. 

8.4 Discussion 

As patients transition between settings, teams and providers during their healthcare journey, their health 

records are often fragmented and difficult to engage with due to deficiencies in access, design, and 

usability. This limits the capacity for patients to take control of their own care during these difficult 
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periods of care transition. Digital technologies provide immense opportunities to improve transitions of 

care for patients by facilitating access to the right information in the right place at the right time246. This 

research sought to empower patients to understand and interact with their own digital health records 

though improved, patient-centred interface design. This report described how a novel workshop 

approach was used to obtain patient and public perspectives on the design of a digital medical record 

interface for use during transitions of care. Through the provision of two structured workshops, several 

health record design principles and components that are important to healthcare users were identified. 

A prototype design was developed and published online in an interactive, digital format.  

8.4.1 Patient engagement with health records 

Digital health technologies, including EHRs, are increasingly expanding to incorporate patient reported 

outcomes, patient generated data, and social determinants of health285,447,466–468. A recent systematic 

review found that there are positive signs for the adoption of patient accessible electronic health records 

(PAEHRs), despite there being insufficient current evidence regarding the health outcomes for patients 

or health care providers468. Patient engagement with health records may have several benefits including 

patient satisfaction and better monitoring and management of chronic diseases, where care coordination 

is complex and frequently requires patient and carer engagement447,469,470. Patient access to health 

records has also been shown to facilitate better preparation for visits with providers466. Health record 

interfaces, as developed in this project, that appeal to both patients and providers may act as a ‘boundary 

object’ to bridge functional knowledge and power gaps across different stakeholder positions during 

transitions of care471. In addition to improving patient engagement with health records, it is critical that 

any design changes to health record interfaces, or changes to EHR workflows, are undertaken in close 

consultation with the clinicians that use these systems, as these can have a significant impact on 

clinician work patterns and satisfaction392,394.  

8.4.2 Improving healthcare quality and safety through better design 

Healthcare is a high-risk industry and unsuitable design may lead to errors that have significant 

consequences472. Health-related digital technologies should be appropriately researched, designed and 

evaluated to reduce the potential for error and adverse events473. There are several examples of the use 

of graphic design to reduce risk and improve patient safety such as the design of tobacco packaging and 

public health information474,475. Often, the important role of patients and the public in evaluating and 

redesigning care processes and digital systems has been neglected468. The concept of ‘nothing about 
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me, without me’468 is one that encapsulates a growing and important trend toward better patient 

involvement in all aspects of healthcare improvement. This work has demonstrated that novel and 

engaging methods of involving patients and the public can be both enjoyable for participants and 

constructive in their output. Putting the target users – patients - at the centre of the design process has 

ensured that interface designs from this study are relevant and useable.  

8.4.3 Design principles and components for digital medical records 

The identification of design principles and components in this work complements and expands upon 

previous experimental work on EHR patient portals476. In this study the use of a timeline to graphically 

depict a patient history was identified as a suitable structural design element. This finding may indicate 

an inclination for patients to consider their medical history chronologically, which may differ from 

provider approaches which may often be system or disease-based477. Participants identified that digital 

medical record interfaces should be clear, simple, intuitive and include the use of colours and geometric 

graphics. Findings from questionnaires in this study indicate that there is consensus between patients 

on the use of specific colours or shapes to depict particular clinical events. Specific design elements 

identified, such as the use of a red circle to indicate a previous or upcoming blood test, may provide 

guidance for interface design across multiple health design applications. The use of colours and 

geometric shapes that were identified as suitable to indicate several different healthcare events (such as 

the colour red and circles, triangles or crosses) may require further user input to minimise overlap 

between these elements in interfaces. Alternatively, the use of different shades of colours may be used, 

as was done in the prototype interface developed by our group shown in Figure 8.5. Further work in 

this area to incorporate the design perspectives of other stakeholders such as providers and researchers 

would be beneficial and is a focus of future work. For interfaces to be useable and effective for 

providers, in addition to patients, clinicians and other health record users would need to be consulted 

and involved in and final interface design. We intend to use data from these studies to further guide, 

develop and test the developed prototype interface. 

8.4.4 Workshop as a research and design process 

The use of a workshop as a research and design process has both benefits and limitations. Workshops 

follow a pre-defined, though not predictable, purpose462 that allows participants to be involved in a 

process that achieves a goal. There are several examples of workshops being used in health service 

improvement and technology design458–460. Responses from the evaluation questionnaire indicated that 
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participants found the workshop process used for this project to be enjoyable, useful and interesting. 

Participants indicated that this workshop stimulated their interest in being involved in future healthcare 

design work, further emphasising the potential value of the methods described in healthcare research 

and development. The research methods incorporated within the workshop generated valuable data to 

guide future healthcare research and design. The participatory design approaches used in this study 

could be used to better include patients and the public in the design of digital health technologies. The 

seven-step workshop framework described may be adapted and applied to other patient safety and 

healthcare issues. 

8.4.5 Project research output and dissemination 

Both the methodological and design findings from this project were publicly disseminated to ensure 

that the findings could be used as a resource for future research and design. A research article describing 

this project was published in BMC Medical Informatics and Decision Making in December 2019 and a 

report on the study featured in Becker’s Hospital Review, a United States-based healthcare publication 

in an article titled ‘London researchers create patient-designed EHR interface’. During the design 

workshops, we encouraged participants to disseminate their work and involvement in the participatory 

design process through social media and blogs. One workshop participant that contributed an online 

blog following the session commented “Workshops like this one are the perfect platform for discussing 

the challenges that patients and clinicians experience every day and brainstorming potential solutions -

- These types of workshops are a clear indication of the growing interest in how technology and design 

can be harnessed to address and improve a number of healthcare challenges. Like Dr Leigh [Warren], 

I hope there will be more opportunities to run healthcare, design and public participation workshops in 

the future around our current healthcare problems.”478 

 

Content and activities from this body of research was incorporated into a 90-minute lecture titled 

Passing the Baton: The role of Human Factors in Transitions of Care which I delivered to students on 

the Human Factors module of the Masters in Patient Safety course at Imperial College London in 2019 

and 2020. An updated version of this lecture was also developed and recorded for digital delivery of 

this course from 2021 onwards. 

8.4.6 Limitations of this study 
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The recruitment process used in this study did not deliberately identify particular medical pathologies 

or medical histories. Similarly, we did not select or seek information relating to participant backgrounds 

or levels of health and information technology literacy. This approach was used to ensure that 

recruitment was simple and achieved sufficient participant numbers and to comply with personal data 

regulations and institutional approval for this study. Further studies looking at perspectives from more 

homogeneous patient subsets with differing healthcare experiences may enable targeting of design 

components for specific patient groups. This study used validated research methods within a novel 

workshop framework. The educational components incorporated within the workshop were structured 

to limit introduction of bias to the research components. Some workshop participants did not partake in 

the questionnaire which reduced the yield of results. The closed-ended colour and shape-matching 

questionnaires were conducted prior to the design principles questionnaire and group tasks. This may 

have exposed participants to potential seeding and bias in subsequent responses including the use of 

colour and shapes in designs. This study did not include clinicians in the design workshops to develop 

health record interface prototypes. This removed clinician user bias from the patient and public design 

process, however if these designs were intended to be used by provider users, in addition to patients, 

then they would also need to be involved in any further prototype design. Direct comparison of the 

developed prototype interface with existing EHR interfaces was not conducted in this study but is a 

future focus for our research group. 

8.4.7 Implications for research and future work 

This study has highlighted that patients and the public may desire different approaches to interface 

design to providers and technology developers. Involvement and engagement of patients in digital 

technology interface design is particularly important as patients are provided access to their own health 

records. The workshop methodology used in this study could be adapted and applied to future research 

and participatory design healthcare projects. The next planned step in this ongoing project is to involve 

potential end-users, including clinicians, in evaluating the web-based digital interactive health record 

interface. This is planned through a vignette-based simulation exercise, comparing usability in existing 

and redesigned interfaces. 

8.5 Conclusion 

The involvement and engagement of patients and the public is critical in ensuring that the design of 

digital technologies is patient centred. Specific design principles and elements identified in this study 
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should be considered when developing patient-facing digital medical record interfaces. This study has 

shown that patients value the role that they have to play in improving the quality and safety of healthcare 

technology and processes. Structured workshops can provide a suitable and enjoyable methodology for 

research and design involving patients and the public. Further research to expand and develop both the 

frequency and quality of patient input into health technology design are warranted. 
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 - Discussion 

9.1 Introduction 

The final chapter of this thesis summarises key themes of the work presented and discusses some of the 

implications of the main research findings. A short synopsis of the problems associated  with transitions 

of care provides context to a review of these key findings. The impact of the work presented in this 

thesis is examined, followed by a discussion of important limitations encountered. Recommendations 

for future research work associated with this thesis are provided. Finally, a reflection on the experience 

of completing this work is presented to conclude the thesis. 

9.2 Synopsis of the problem 

Transitions of care are a common and necessary characteristic of modern healthcare systems2,11. Patients 

frequently move between healthcare providers, teams, and settings. Transitions of care are periods of 

particular risk for patients, and poorly executed transitions of care may contribute to duplication of tests, 

higher cost of care and negative experiences for patients and providers2,78. The potential for medical 

error and adverse events associated with transitions of care are related to the complexity of processes 

surrounding care transitions and the multiple stakeholders that are often involved. In the introductory 

chapter of this thesis, some of the mechanisms through which errors occur during care transitions are 

discussed. These mechanisms involve absent or insufficient planning for transitions of care, poor 

communication between providers and patients, inadequate documentation and several other factors 

that may occur simultaneously. This is a human ‘problem of many hands’ that can only be solved by 

effective, accurate and timely communication between stakeholders, and with patients themselves71. 

Systems of care should support this communication and ensure that healthcare providers have access to 

the right information, about the right patient, in the right place, at the right time. It is clear from previous 

research and anecdotes that appropriate resources and technologies to promote well-executed transitions 

of care are often lacking27,284. Barriers to safe and effective transitions of care continue to exist at the 

level of the system, the clinician and the patient across care settings2. On this background, there was a 

clear role for further research to better understand transition of care processes, particularly in the settings 

of inter- and intrahospital care transitions which are underrepresented in the literature. Big data, 

including administrative data and EHR data, represented a novel source of potentially useful 

information relating to transitions of care that this research sought to interrogate to add to our 

understanding of these complex healthcare processes. 
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9.3 Review of thesis aims and overview of chapters 

Part one of this thesis – Transitions of care: beginning and ending with patients - commenced with an 

introductory chapter that provided a background and historical context to transitions of care. The 

evolution of healthcare systems and the rise of the digital age of healthcare was described. Transitions 

of care were broadly defined, including transitions within and between care settings. Key transition of 

care processes such as hospital discharges, interhospital transfers and clinical handovers were 

introduced. A review of existing transition of care literature highlighted that these complex processes 

are yet to benefit from the advances in digital technologies that have disrupted other areas of healthcare 

and sectors outside healthcare. In the introductory chapter to this thesis, two key aims of were identified: 

a) to determine if big data sources can be used to identify, measure, and better understand transitions 

of care, and b) to use insights derived from these investigations and further qualitative work to develop 

a digital intervention to improve transitions of care between providers, teams, and settings. These aims 

were developed and refined as the initial research work for this thesis progressed and evolved. Although 

not directly related to the use of big data and digital technologies, the initial qualitative study reported 

in chapter two of this thesis played an important role in establishing some key research questions that 

were directly relevant to patients. First and foremost, these were the key priorities of continuity of care 

and communication that were identified by many of the 21 patients that were interviewed following 

direct interhospital transitions of care. These issues provided an important framework for subsequent 

chapters that focussed on measuring care transitions and identifying associated barriers to care 

continuity and communication of patient information.  

 

Part two of this thesis – A system set up to fail – initially explored the use of hospital administrative 

‘big data’ to identify and measure transitions of care, with a focus on transitions between hospitals. In 

this section, over 121 million hospital encounters involving 21 million patients were examined. Chapter 

three, the first chapter in this part of the thesis, measured interhospital transfers in the NHS in England 

and highlighted the effects of care centralisation on patient movement between hospitals. Chapter four 

more broadly explored the scale of interhospital transitions of care as patients move between hospitals 

for inpatient, outpatient and accident and emergency care in the NHS. Implications of these transitions 

of care were considered, and barriers to effective interhospital data sharing were studied through a 

survey and subsequent analysis of electronic health record use in hospital trusts in the NHS in England. 

Few of the pairs of hospitals that most frequently shared patients in the NHS in England used the same 

electronic health record systems. Detailed analyses of interhospital transitions of care in the three most 
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populous Built Up Areas in England found that patients frequently move between hospitals to access 

care where these exist in close proximity. Chapter five addressed interhospital transitions of care for 

patients with more complex medical needs, focussing on patients with inflammatory bowel disease 

(IBD) as an example patient cohort. These patients often accessed care from different hospitals to the 

one that managed their IBD, highlighting potential barriers to care continuity. 

 

Part three – Transitions at the coalface of clinical care – brought the focus of the thesis back to care 

providers and their interactions with other providers and patients. The first chapter in this part, chapter 

six, focussed on clinical handovers through the lens of Emergency General Surgery (EGS). This chapter 

used hospital administrative big data and National Emergency Laparotomy Audit (NELA) data to 

identify and examine the impact of different consultant on-call rotas. This analysis found that more 

frequent (daily) handovers between on-call EGS consultants did not have a significant impact on patient 

morbidity, mortality, length of stay and other variables.  Chapter seven reported on a detailed 

examination of intrahospital transitions of care that were identified and measured using electronic health 

record ‘big data’ from a large teaching hospital. This research analysed more than 1.7 million EHR 

events and showed that this valuable data source can be used to identify and measure care teams and 

many hospital processes, including aspects of transitions of care, that are complex and would otherwise 

be difficult to assess using traditional observational methods. The final research chapter, chapter eight, 

reported on a study that attempted to design and develop an interactive digital health record interface 

for use during care transitions. This study involved patient and public participatory design workshops 

that assisted in the development of a digital health record interface that was published online. 

 

The research work presented has fulfilled the aims of the thesis, showing that healthcare big data has a 

valuable role to play in measuring many aspects of transitions of care. There is useful big data available 

at system and hospital levels that can be used to measure and thereby improve complex healthcare 

processes like care transitions. The digital intervention that was developed with the aim of improving 

transitions of care, the interactive digital medical record interface, was published online and future work 

aims to evaluate this in more detail. This thesis encourages further development and evaluation of digital 

technologies that encourage rapid, effective, and accurate communication of patient information 

between providers and patients as they undergo transitions of care. It also highlights the importance of 

structured approaches to rolling out digital technologies, such as EHR systems, to ensure that they act 
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as a facilitator to care continuity between providers, teams, and settings, rather than a barrier. The 

findings from this thesis have important implications for health systems in the UK and abroad. 

9.4 Key findings of this thesis 

9.4.1 Communication and continuity of care are key priorities for patients involved in transitions 

of care 

Recognising that this is a human problem from the outset, this thesis sought to position patients at the 

centre of the work. Sitting with patients and listening to them tell their own stories, in their own words, 

about their own transitions of care helped to ensure that the work presented in this thesis addressed 

issues that were important to patients. The 21 in-depth semi-structured interviews performed in chapter 

two of this thesis identified eight key themes from patient accounts relating to their interhospital transfer 

experiences. The two themes that were most frequently addressed by patients were communication and 

continuity of care. Many patients felt disempowered during transitions of care because of poor 

communication. Patients also noted that communication between providers during their care transitions 

was lacking. This contributed negatively to care continuity, with patients feeling as though their care 

was not linked-up between providers, teams, and settings. These themes of communication and care 

continuity were again prioritised by patients and members of the public in the digital interactive medical 

record interface design project presented in chapter eight of the thesis, where a timeline medical record 

design was selected to better facilitate the communication of patient’s care stories with their providers 

during care transitions. Several barriers to care continuity and communication between providers were 

identified in the big data work presented in chapters three to seven, including incomplete uptake and 

limited interoperability of electronic health records within hospitals in the NHS. This thesis presented 

a clear role for digital technologies to improve care continuity and communication between providers 

and with patients during care transitions.  

9.4.2 Healthcare big data can be used to identify and measure transitions of care 

Identifying transitions of care across different healthcare settings has been a challenge for previous 

patient safety research11,50,75. Traditional observational methods including case note review and direct 

observation of clinical processes are resource-intensive, limited in their potential scope, and difficult to 

scale22,49. These methodological limitations have impacted on the capacity of previous research to 

accurately measure the frequency of transitions of care in several settings, including within hospitals, 

between hospitals and between care settings. Furthermore, many aspects of these complex care 
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processes exist outside the view of many traditional observational methods, which often provide only a 

limited snapshot in time. The research reported in chapters three to seven of this thesis have 

demonstrated that healthcare big data sources can be used to identify and measure several aspects of 

transitions of care, including the frequency of these transitions in settings where suitable data is 

available. Hospital administrative data pertaining to more than 120 million patient encounters was 

examined to accurately identify and measure interhospital transitions of care in the NHS in England. 

This is the first study that has examined these data in this way and provided new insights into the 

frequency and distribution of transitions of care between hospitals, a previously understudied area in 

the literature. This work showed that interhospital transitions of care were particularly common for 

patients living in metropolitan areas. These analyses, in combination with a survey of medical record 

use in the NHS, also facilitated an assessment of patient movement between health record systems, 

which has important implications for data sharing and continuity of care between hospitals and care 

settings. A novel use of Hospital Episode Statistics data presented in chapter six showed how hospital 

consultant on-call rotas can be accurately determined through an analysis of admission patterns. This 

process facilitated a comparison of consultant handover patterns on outcomes in emergency general 

surgery which found that there was no significant difference in key outcomes across different rota 

structures. This has important implications for rota structures in emergency general surgery, which are 

not currently standardised across hospitals in the UK and abroad. 

 

Within hospitals, previous measurement of transitions of care has focussed on clinical handovers 

between shifts and between locations and teams within the hospital. Existing handover research in this 

setting has relied on observation of the clinical care team that directly interacts with the patient and 

other providers face to face. The research presented in chapter seven demonstrated the novel use of 

routinely collected EHR big data from a large teaching hospital in London to identify and measure 

broader ‘digital care teams’ involved in the care of patients through entries on patient’s records. This 

facilitated analyses of the size and characteristics of care teams and how frequently patients move 

between different providers and areas within the hospital. Healthcare big data held in other settings that 

were not assessed in this thesis, such as primary care, may able be a valuable resource to better 

understand and improve these transitions of care and other healthcare processes in future research. 

9.4.3 Fragmentation of patient care between hospitals and care settings is common  
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In chapters three and four of this thesis, Hospital Episode Statistics were examined in detail to better 

understand patterns of patient movement between hospitals in the NHS in England. This research found 

that nearly four million patients attended two or more trusts over the course of the one-year study period, 

which represented a quarter (25.0%) of patients that had one or more hospital encounter. This proportion 

was even higher built-up areas in Greater London (34.2%), Greater Manchester (29.5%) and the West 

Midlands (26.1%). We identified several pairs of trusts that frequently shared the care of patients in 

local areas. Of the 3,931,255 patients that attended two or more trusts, 53.6% had consecutive 

encounters shared between just 20 pairs of hospitals. Concerningly, only two of these pairs of trusts 

used the same type of EHR systems, representing a significant barrier to health record interoperability 

where it is most needed.  

 

The reasons why many patients have their hospital-level care fragmented between multiple different 

providers are broad. The NHS prioritises principles of patient autonomy and choice of providers, as is 

reflected in both referrals from primary care and patient selection of providers in outpatient and accident 

and emergency settings. In areas where many options of providers are available and specialist care is 

centralised across different sites, the inevitable consequence is that some patients, particularly those 

with multiple medical conditions, will have their care shared between different providers. This, in itself, 

is not a problem, and allows patients both choice and access to the best possible specialist care. It does 

become a problem, however, where communication between providers is lacking, and a patient 

encounter is treated as an isolated event rather than a link in the chain of a continuous healthcare 

journey. The resulting fragmentation of heath information between organisational data silos affects care 

continuity, negatively impacts on patient experiences, increases the cost of care and may contribute to 

medical errors and adverse events2,131,479. 

 

From a policy perspective, there are several current and future initiatives at local, regional and system 

levels that aim to reduce fragmentation and improve continuity of care. The NHS Long Term Plan 

signalled renewed ambition for more collaborative ways of working between health and social care 

settings480. Central to this ambition is the concept of Integrated Care Systems (ICSs). ICSs are 

partnerships that bring together providers and commissioners of NHS services across a geographical 

area with local authorities and other local partners to collectively plan health and care services to meet 

the needs of their population481. ICSs are intended to bring about major changes in how health and care 

services are planned, paid for, and delivered. The intention of ICSs are to change the focus of care in 
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the NHS away from organisational autonomy and competition to more collaborative relationships 

between providers. Research from this thesis would support the permissive approach to ICS boundaries 

around the country, allowing these to form organically based on existing relationships and networks 

between local neighbourhoods, places, and systems. ICSs should thereby promote collaboration 

between the naturally occurring networks of providers identified in chapters three and four of this thesis. 

Research from this thesis has highlighted the importance of informational continuity through data 

sharing between constituents of ICSs. This thesis has shown that hospital administrative big data could 

play a valuable role in determining patient-sharing relationships between hospital trust providers and 

how their health record systems could be better aligned. 

9.4.4 Current health record systems do not support continuity of care between hospitals and care 

settings 

As revealed through a survey of health record systems presented in chapter four, there are over 20 

different EHR systems in use in hospital trusts in the NHS in England. Further to this, 23% of all acute 

hospital trusts in England were still using paper health records. Nine per cent of all acute hospital 

encounters over the same year involved patients presenting to a hospital using a different record system 

to their previous hospital attendance. It is clear that there is a huge demand for health record systems to 

become more joined up to meet the current and future health needs of patients in the NHS. This need 

for better connected care is particularly pertinent to patients residing in metropolitan areas, where care 

is more likely to be shared between multiple hospital trusts.  

 

The research in this thesis has shown that the NHS has found itself in a difficult position regarding the 

distribution of health record systems at a hospital level. Chapter four examined the chequered history 

of EHR adoption in NHS hospital trusts England and how alternating centralised and decentralised 

approaches to EHR procurement has resulted in a complex patchwork of different systems in use. 

Despite the obvious need for data sharing between hospitals that frequently share patients, many 

neighbouring trusts use completely different EHR systems with different standards, with resultant 

limited technical capacity to seamlessly integrate patient data. Current barriers to changing EHR 

systems at a trust level are significant. Contracts with EHR vendors typically span several years and 

migrating data between different systems is expensive and disruptive to service delivery. Despite 

dialogue from policy makers and EHR vendors, APIs and other technical advances capable of 

improving interoperability between systems have had little real-world impact on functional 
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interoperability between systems. Vendor-independent open standards, such as openEHR and Fast 

Healthcare Interoperability Resources (FHIR) in EHR systems have the potential to break down data 

silos and increase data sharing, although barriers to the widespread use of these open standards persist. 

The main goal of healthcare interoperability is to facilitate seamless delivery of care across settings and 

organisational boundaries. If providers were able to view the health records of their patients from other 

hospitals where care had been provided, this would improve continuity of care, minimise duplication 

of tests and repeat appointments and reduce the cost of care. Although many workaround solutions to 

the absence of seamless data sharing between NHS organisations exist, such as faxing or emailing 

records between hospitals, or secondary shared care records, key barriers remain. One of the main 

barriers to data sharing between hospitals is an organisational one – few hospital trusts have aligned 

their health records with other organisations with whom they share patients. This has created a technical 

barrier to the sharing of records, as different systems use different coding, making interoperability 

between health records difficulty to achieve.  

 

Results from the survey of health record systems reported in chapter four of this thesis found that of the 

152 trusts using EHR systems, over half were using one of three commercial vendors: Cerner, DXC 

Technologies or System C. This finding indicates that improved use of open standards and data 

interoperability between the main commercial EHR vendors could have a significant impact on data 

sharing between organisations. The commercial, political, and residual technological barriers to true 

functional interoperability between major EHR systems are not insurmountable but need to be 

supported by clear policies and management approaches that prioritise patients. As highlighted in the 

2016 Wachter review of health IT, “widespread interoperability will require the development and 

enforcement of standards, along with penalties for suppliers, trusts, GPs and others who stand in the 

way of appropriate data sharing. The system, standards, and interfaces should enable a mixed 

ecosystem of IT system providers to flourish, with the goal of promoting innovation and avoiding having 

any one vendor dominate the market. ”100 

 

Deficiencies in data sharing between hospitals and settings in the UK have been exposed by the COVID-

19 pandemic. In England, and the rest of the UK, the NHS has been placed under enormous pressures 

to continue to deal with both COVID-19 and non-COVID-19 illness482. The pandemic has exacerbated 

many of the challenges associated with accessing up to date information about patients admitted to 

hospital482. Many elderly, vulnerable and critically unwell patients requiring hospital admissions were 
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unable to communicate their medical history to providers. Difficulties in obtaining pertinent medical 

information was exacerbated by restrictions on family and carer attendance to hospital and access to 

GP records was limited by practice closures. In this setting, hospital providers depended more than ever 

on ready availability to medical records held at other organisations. In response to the inter-

organisational data sharing deficiencies highlighted by the pandemic, the NHS has proposed changes 

to the way records are held and shared by GP practices and hospitals483. Through programs such as GP 

Connect and Summary Care Records, comprehensive medical summaries will be made available from 

patient’s usual GP provider to other GP practices, NHS 111 and other health and care services483.  

9.4.5 Modern healthcare is delivered through large teams of providers working in complex 

sociotechnical systems 

The research presented in this thesis has highlighted that transitions of care are a human problem and 

that healthcare teams exist at several levels within and across care settings. Chapters six and seven in 

the second part of the thesis investigated and measured healthcare teams within hospitals. Chapters 

three, four and five explored ‘teams’ of providers across hospitals and care settings in the NHS. As 

digital health records and other digital technologies are integrated into care at all levels, providers and 

technologies have become intrinsically linked in sociotechnical systems of care100,107. An analysis of 

EHR big data in chapter seven measured the size and composition of intrahospital ‘digital care teams’, 

identifying a median of 31 different care providers for patients with hospital spells longer than one day 

and 64 for patients with an admission lasting five days or more. Most patients with hospital admissions 

lasting more than one month in duration had over 100 different providers contributing to their electronic 

health record. These studies demonstrate how dynamic teams of providers work in collaborative 

networks centred around patients and their digital health records. The quantification of these healthcare 

teams, and identification of the roles of constituent providers, builds a case for improved digital systems 

aimed at improving communication between providers. Despite the widespread use of EHR systems in 

the UK, more agile, accessible digital communication tools have a clear role in coordination of care for 

hospital patients.  

9.4.6 Digital technologies that are patient-centred and consider human factors have the potential 

to improve transitions of care 

Digital technologies have been highlighted as a key enabler in transforming healthcare systems around 

the world, however, as yet the full potential of this digital transformation has not been realised. Chapter 
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two of this thesis examined the experiences of several patients involved in transitions of care between 

hospitals, identifying problems in the way that medical information is communicated between providers 

and organisations. Chapter four highlighted some key technological barriers to transitions of care and 

chapter seven identified the potential role for digital technologies to improve transitions of care within 

hospitals. The research presented in these chapters showed that transition of care processes are complex, 

dynamic, and generally involve several stakeholders. These findings have helped to build a case for 

digital innovations to improve the way that providers interact with each other and with patients. 

 

Findings from this thesis support the observation from previous research that healthcare technologies 

need to fit the values, priorities and routines of providers and patients100,229,484. Usability is one of the 

major drivers to widespread adoption of any technology484. At a provider level, poorly designed 

technologies that do not support the way clinicians receive or deliver is reflected in workarounds, 

increased workloads and frustrations. Furthermore, acceptance of new technologies by professional 

staff may be the single most important determinant of the success of that technology at a local level484. 

At a patient level, previous research shows that patients who are actively involved in their own care 

tend to have better clinical outcomes268. Patients therefore should be at the centre of initiatives to 

empower them to have more control in managing their own health. Considering human factors in design 

of any new digital technology is key to optimising the interactions between people, systems and 

technologies. In chapter eight of this thesis, patients and members of the public were involved in 

participatory design workshops that aimed to develop an interactive digital medical record interface for 

use by providers and patients during transitions of care. Evaluation of participant input in this process 

indicated that their involvement in the development of a digital technology was felt to be valuable and 

beneficial to their understanding of care processes and challenges. 

9.5 Impact of this thesis 

9.5.1 Highlighting fragmentation of care and health record systems in the NHS in England 

Research work from this thesis that has identified and quantified care fragmentation between hospitals 

in the NHS in England has created impact in several ways. Some of the research presented in chapter 

four of this thesis was published in an article titled Improving data sharing between acute hospitals in 

England: an overview of health record system distribution and retrospective observational analysis of 

interhospital transitions of care in BMJ Open. Findings from this article have been widely shared 

through media outlets, including the BBC, Daily Mail and inews. An additional article based on this 
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research titled Data sharing: A targeted strategy to improve sharing between hospitals was published 

in National Health Executive and featured as the cover story in the Jan/Feb 2020 edition. Research from 

this part of the thesis has also been presented at the 2020 Academy Health Annual Research Meeting, 

the largest Health Policy Research meeting in the USA and at the 2019 International Conference on 

Urban Health in Xiamen, China. This research also featured at the 2019 Digital Health Rewired 

conference in London in a presentation by Ben Goldacre on health data sharing in the UK and 

referenced in his recent piece in the BMJ titled Better use of data and digital offer rapid opportunities 

to address covid-19485. Work from chapter five of this thesis on fragmentation of care associated with 

management of patients with IBD in the NHS in England was published through the World Journal of 

Gastroenterology. 

9.5.2 Improving data sharing in the NHS 

Research from this thesis has been incorporated into efforts to improve data sharing in the UK. From a 

policy perspective, work from chapters three and four of this thesis was presented as a one-hour 

‘knowledge share’ session with the NHS Improvement Provider Policy team at Wellington House in 

London in 2019. This presentation covered interhospital transitions of care, barriers to data sharing 

between hospitals and implications of HES coding limitations on accurately measuring interhospital 

transfers in the NHS in England. In 2019, I travelled to Manchester to meet with the CIO of Salford 

Royal Group to discuss the research findings on interhospital transitions of care between hospitals in 

Manchester and how this supported plans to align EHR systems between hospitals in the region that 

frequently share patients. This work continues to have an impact on policy, service improvement and 

data quality improvement through ongoing discussions with NHS Improvement and NHS Digital. A 

white paper titled NHS data: Maximising its impact on the health and wealth of the United Kingdom, 

published in 2020 by the Institute of Global Health Innovation at Imperial College used research from 

chapter 4 of this thesis to highlight existing barriers to data sharing in the UK and create a case for 

better data sharing and interoperability to improve patient care. 

9.5.3 Developing digital technologies to improve transitions of care 

Work from the participatory design workshop reported in chapter eight of this thesis has been 

incorporated into a web-based digital medical record interface prototype that we intend to evaluate for 

use during transition of care simulations. A website – www.ourhealthstories.com - has been established 

for this purpose. Work from this chapter of the thesis has been published in BMC Medical Informatics 
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and Decision Making and shared through international healthcare publications, promoting the human-

factors and participatory design approaches encouraged through this work. 

9.6 Limitations of this thesis 

Many of the strengths of the research presented within this thesis have already been discussed, however 

there are some important general limitations to consider. Methodological, data and other limitations 

associated with several areas of research have been described in the discussion section of each chapter.  

 

In the field of transitions of care research, and patient safety research more broadly, there are no well-

defined research standards, methodologies, data sources or types. This largely reflects the broad and 

multifactorial nature of processes that exist within complex ecosystems of care.  This thesis adopted a 

pragmatic approach to studying transitions of care in the digital age, focussing analyses on areas that 

were understudied in existing literature, and where suitable big data sources were identified.  There are 

many existing gaps that remain within transitions of care literature. 

 

The research presented in this thesis was largely exploratory. This permitted flexibility in the 

approaches and data used, however limits conclusions drawn to observations and the drawing of 

associations. The advantage of this approach is that it has been able identify suitable data sources for 

more specific comparative studies in the area and lay a foundation for future research. 

 

This thesis used a broad range of research methodologies, including qualitative and quantitative 

approaches. The qualitative research described in chapters two and eight, and at the start of chapter 

seven, were valuable in the generation of research questions and targets for further investigation, 

although involved some limitations worthy of discussion. Research presented in these qualitative 

chapters were exposed to possible selection biases, as they were conducted in single centres or settings. 

This potentially limits the generalisability of these findings. In both qualitative studies, most of the data 

collection and analysis was conducted by the same researchers, although efforts were made to 

standardise analysis between multiple transcript coders and minimise researcher bias, as indicated in 

each chapter. 

 

The quantitative research presented in this thesis relied on retrospectively collected data, with inherent 

limitations. The use of retrospective data allowed the identification of several associations but cannot 
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infer causation. There were limitations associated with the specific data used in several chapters of this 

thesis. Big data is generally secondary data that was not generated for the purpose in question112. For 

this reason, often the quality of data is not known until analyses commence and substantial data cleaning 

may be required110. An example of this was seen in chapter three of this thesis, where some key data 

limitations restricted the analysis of interhospital transfers. Following identification of these limitations, 

the Hospital Episode Statistics that were central to this part of the thesis needed to be re-examined to 

ensure that they were of sufficient quality for subsequent areas of work. Fortunately, these data were 

particularly accurate for recording basic details of patient encounters with NHS providers, which made 

it a comprehensive and high-quality data source for the research performed in chapters four, five and 

six. In chapter seven, the EHR data used to identify and measure digital care teams and EHR activity 

was interpreted and coded by researchers in a single centre, with similar clinical and research 

backgrounds, introducing a potential source of researcher bias.  

9.7 Implications for current and future research 

It is clear that modern healthcare systems, like the NHS, have data in abundance. A digital footprint is 

created almost every time a person encounters a healthcare service. Across NHS services, there are over 

one million contacts with patients every 36 hours117. It has been estimated that as much as 30 percent 

of the world’s stored data is generated in health care117. The National Information Board, in the report 

Personalised Health and Care 2020, comments that “one of the greatest opportunities of the 21st century 

is the potential to safely harness the power of the technology revolution, which has transformed our 

society, to meet the challenges of improving health and providing better, safer, sustainable care for 

all”239. This thesis has shown the potential of this data to identify, measure and address some of the 

most complex and dynamic challenges of healthcare. This research has highlighted the value of high-

quality administrative data and potential benefits of access to EHR data for research and service 

evaluation and improvement. 

 

This thesis has also shown that research using big data is only as good as the data available. Chapter 

three of this thesis provided an example of where poor-quality data can limit interpretation of results 

and impact on the success of big data analyses. Data exploration and cleaning is a key component of 

successful use of big data in the evaluation of healthcare processes. Future research using big data 

should involve clinicians who can accurately interpret the data and findings within the context of the 

real-world healthcare settings that the data is derived from. If healthcare big data is appropriately used 
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and interpreted, it holds huge potential for improving the quality and safety of care delivered for 

patients. 

 

This thesis has highlighted the benefits of mixed-methods research into complex healthcare processes 

like transitions of care. Qualitative methods have facilitated the generation of research questions and 

hypotheses that are important to patients and providers, and quantitative methods have been able to 

measure and evaluate some of these processes. Qualitative evaluation of innovations that aim to 

improve transitions of care, including the digital interface developed in chapter eight of this thesis, 

allows evaluation of not only the quality and safety of these innovations, but also the impact on the 

patient experience – an increasingly important pillar of a successful healthcare system. 

9.8 Personal reflections 

Four years on from the commencement of this research, it is rewarding to reflect on how this work has 

progressed. The first twelve months of this research journey involved the challenging process of 

developing a topic and focus for this thesis and identifying suitable data sources to support the intended 

work. The following two years largely involved data collection and analysis for each chapter, with the 

final year focussed on the dissemination of the findings and writing of this thesis. Coming from a 

different healthcare system in Australia, I needed to dedicate a significant amount of time at the start of 

this research work to understanding the structure of the NHS in England and how patients moved 

between healthcare settings and providers. The most useful factor in aiding my understanding of the 

workings of the NHS was my involvement as a clinician during my time in London. Working in the 

wards, accident and emergency department, operating theatres and clinics of a busy London hospital as 

a Surgical Registrar provided me with first-hand understanding of the relevance and importance of the 

research work that I was undertaking. It also enabled me to have regular contact with patients and 

clinicians which, more than any other factor in this journey, helped me to understand the key issues 

surrounding transitions of care in the NHS that needed to be addressed. This clinical experience at 

Imperial College Healthcare NHS Trust also guided many of the specific research projects that I 

undertook as a part of this period of study. Although many of the findings from this thesis related 

directly to the NHS in England, the principles of these findings have relevance to healthcare systems 

around the world. The health system that I have now moved to, in South Australia, is currently grappling 

with many of the same data sharing complexities considered in this thesis and I have found opportunities 

to apply my expertise beyond the UK setting. 
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Much has changed in the world of data sharing since I commenced this thesis, particularly in the NHS. 

Several important reports were released, and some key policies were implemented in the four years 

during which this work was undertaken. Data sharing has become an even hotter topic in the UK over 

the past couple of years, spurred on by the COVID-19 pandemic. I am pleased that some of the research 

conducted during the period of study was able to contribute to these conversations at a critical time in 

the development of healthcare policies related to data sharing. I was grateful that findings from this 

research highlighting care fragmentation and siloed data between organisations in the UK were able to 

be shared so widely beyond the boundaries of medical publications and into mainstream media 

reporting. Ongoing references to this research and the publications associated with it are evidence of 

continuing impact of this work. 

 

Digital technologies in healthcare have continued to accelerate with pace over this period of study. The 

environment for adoption of new technologies has changed, particularly as the need for novel digital 

innovations was highlighted through COVID-19. Healthcare systems are now firmly identified as 

sociotechnical systems, and need to continue to be considered as such as they adopt new innovations 

and models of care. The input of patients and clinicians in developing, implementing and evaluating 

healthcare innovations will be more important than ever in the coming decades. This period of study 

has encouraged and positioned me to take future opportunities at the interface of academic, digital and 

clinical healthcare.  

 

There have been many challenges during this period of study. Central to this was the juggling of busy 

clinical and academic work and fitting this around other key life milestones and priorities. I have had 

to learn and adapt and manage conflicting priorities in new ways. This period of study has required 

commitment and sacrifices, and I look forward to new opportunities and more creative space on the 

other side of this thesis. In many ways, this final thesis is different to what I had envisaged at the outset, 

however I am no less proud of what has been achieved. I have needed to ask for help from others where 

my expertise was lacking and learn that, as clinical academics, it is difficult to do it all – we need to 

focus on our strengths and what we enjoy. I have learnt many valuable skills that will better equip me 

not only as an academic, but also as a practicing surgeon. I am incredibly grateful to all of those 

mentioned in the acknowledgements section at the start of this thesis and hope that they can share in 

the joy of completing this body of work. 
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9.9 Conclusion 

As healthcare systems evolve and adapt to challenges and changes, we have a responsibility to ensure 

that these changes benefit those for whom the system is designed: patients. As the research in this thesis 

has shown, there are costs associated with the specialised and centralised care that is increasingly 

provided to patients in the UK and around the world. Fragmentation of care as patients move between 

providers, teams and settings during care transitions impacts on continuity, interpersonal connections 

and the quality and safety of care. To be able to improve transitions of care for patients we need to be 

able to measure them and then use this knowledge to apply appropriate interventions. As this thesis has 

shown, healthcare big data sources can be effectively used to identify, measure, and better understand 

transition of care processes. Findings from this thesis have identified barriers to care continuity in the 

NHS in England and highlighted opportunities for digital technologies to improve data sharing between 

providers.  
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Appendix 3 – Patient consent form (interview study) 
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Appendix 4 – HES APC interhospital transfer codes 

According to guidance from the HSCIC195, hospital transfers can be categorised into one of three 

groups: 

 

1 = Provider spells which did not begin as a transfer but ended in a hospital transfer 

2 = Provider spells which began as well as ended in a hospital transfer 

3 = Provider spells which began as a hospital transfer but did not end in a transfer 

 

As per HSCIC guidelines, classification into these groups was performed using the following 

combinations of the 3 fields (DISDEST, ADMISORC and ADMIMETH) was used to identify hospital 

transfers: 

 

Transfer = 1 for provider spells where 

[DISDEST IN (49, 50, 51, 52, 53, 84) AND [ADMISORC NOT IN (49,50, 51, 52, 53, 87) OR 

ADMIMETH NOT IN (2B, 81)}] 

 

Transfer = 2 for provider spells where 

[DISDEST IN (49, 50, 51, 52, 53, 84) AND [ADMISORC IN (49, 50, 51, 52, 53, 87) OR ADMIMETH 

IN (2B, 81)}] 

 

Transfer = 3 where provider spells where 

[DISDEST NOT IN (49, 50, 51, 52, 53, 84) AND [ADMISORC IN (49, 50, 51, 52, 53, 87) OR 

ADMIMETH IN (2B, 81)]} 

 

The transfer field was NULL in all other cases. 

 

Data field codes used to populate these classifications were as listed below: 

DISDEST 

• 19 = The usual place of residence, including no fixed abode 

• 48 = High security psychiatric hospital, Scotland (from 1999-2000) 

• 49 = NHS other hospital provider – high security psychiatric accommodation 

• 50 = NHS other hospital provider – medium secure unit (from 1999-2000) 
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• 51 = NHS other hospital provider – ward for general patients or the younger physically disabled 

• 52 = NHS other hospital provider – ward for maternity patients or neonates 

• 53 = NHS other hospital provider – ward for patients who are mentally ill or have learning 

disabilities 

• 84 = Non-NHS run hospital – medium secure unit (from 2003-2004) 

 

ADMISORC 

• 19 = The usual place of residence, including no fixed abode 

• 49 = NHS other hospital provider – high security psychiatric accommodation in an NHS 

hospital provider (NHS trust) 

• 50 = NHS other hospital provider: medium secure unit (1999-00 to 2006-07) 

• 51 = NHS other hospital provider: ward for general patients or the younger physically disabled 

or A&E department 

• 52 = NHS other hospital provider: ward for maternity patients or neonates 

• 53 = NHS other hospital provider: NHS other hospital provider: ward for patients who are 

mentally ill or have learning disabilities 

• 87 = Non-NHS run hospital 

 

ADMIMETH 

• 21 = Emergency: via Accident and Emergency (A&E) services, including the casualty 

department of the provider 

• 2B = Transfer of an admitted patient from another hospital provider in an emergency 

• 81 = Transfer of any admitted patient from another hospital provider other than in an 

emergency; this does not include admissions to high security psychiatric hospitals (HSPH) 
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Appendix 5 – Background of participants attending multi-stakeholder engagement event 

 

 

Multi-stakeholder engagement event participant type, roles and affiliations. Abbreviations: ICHNT - Imperial College 

Healthcare NHS Foundation Trust, IC - Imperial College. 

 

Participant type Participant role/occupation Organisational affiliation (Internal/External)

Patient and charity worker External

Patient Representative and Health Advisor External

Patient Representative (Patient's Association) External

Patient and Support Worker External

Patient and Regulatory Lead External

Paediatric Consultant and Quality Improvement Manager Internal (ICHNT)

Medical Registrar Internal (ICHNT)

Surgical Registrar Internal (ICHNT)

Junior Doctor and Associate CCIO External

Junior Doctor and Research Assistant External

Surgical Registrar Internal (ICHNT)

Junior Doctor External

Nurse (Oncology) Internal (ICHNT)

Nurse (Quality Matron) Internal (ICHNT)

Nurse and Clinical Researcher Internal (ICHNT)

Medical Student Internal (IC)

Physiotherapist Internal (ICHNT)

Genetic Counsellor External

Statistician External

Research Manager External

Research Assistant Internal (IC)

Research Student Internal (IC)

PhD Student Internal (IC)

PhD Student Internal (IC)

Public Health Student Internal (IC)

Health Science Student Internal (IC)

Statistician Internal (IC)

Postdoctoral Scientist External

Data Scientist External

Health Informatics Specialist and former clinician External

Health Services External

Patient

Health professional

Academic

Industry


