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Abstract 

Introduction: Variable rate intravenous insulin infusions (VRIIIs) are very effective in 

managing hyperglycaemia in hospital inpatients when used correctly. However, if used 

incorrectly, they can cause harm or even death. Unlike traditional safety approaches that 

focus on ensuring adherence to predefined standards and identifying errors to prevent their 

recurrence, Resilient Health Care (RHC) shifts the focus to understanding variability in 

work, including both successes and failures. RHC achieves this by comparing Work as 

Imagined (WAI) (what people expect themselves and others to do) with Work as Done 

(WAD) (what people actually do) with the aim of realigning WAI with WAD in order to 

reflect reality. 

Aim: To develop a model of VRIII use in adult inpatients informed by the RHC 

framework.  

Methods: This mixed methods study was conducted in three phases at a Vascular Surgery 

Unit in a tertiary teaching hospital in England, UK. Phase I: Exploring WAI. Analysis of 

all documents related to VRIII use, and focus groups with users of VRIII. Documents and 

transcripts were analysed using inductive/deductive analysis. Phase II: Exploring WAD. 

Video Reflexive Ethnography methodology and quantitative data were used. The 

qualitative data were analysed using thematic analysis and the quantitative data were used 

to judge the outcomes of the observed tasks. Phase III: Model development. Two separate 

hierarchical task analyses (HTAs) were produced, one for each phase, to identify 

similarities and differences and to inform the development of the model of VRIII use.  

Results: WAI was perceived as a complex process that involved iterative tasks of 

producing hospital-specific guidelines and a multi-pronged approach to ensuring 

implementation of and adherence to guidelines. WAD was accomplished by using 

standardised practices (adhering to VRIII guidelines) and context-dependent adaptations 

(assigning blood glucose monitoring to other colleagues during busy shifts). Reflexive 

meetings revealed that a lack of knowledge in the selection of intravenous fluids and 

monitoring of blood glucose tasks was the main challenge faced while using VRIII. 

Suggestions from healthcare practitioners designed to overcome this challenge focused 

mainly on the need for face-to-face, VRIII-focused training that is tailored to their need. 

The comparison between WAI and WAD HTAs highlighted that most of the tasks in both 
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HTAs were mostly aligned. The comparison also assisted in developing a model for the 

use of VRIII. The model showed that standardisation (WAI) and flexibility (context-

dependent adaptations) must complement each other to ensure the delivery of patient care 

while using VRIII. The model also highlighted two key points to be considered when 

monitoring and continuously reviewing everyday clinical work and its resultant outcomes: 

1) Understanding the permanence status of adaptations is a crucial step in differentiating 

between work that has long-term and short-term success. 2) Using monitoring tools such as 

checklists, clinical audits and VRE, corresponding to the type of task being performed is 

fundamental in reviewing everyday work and designing and implementing effective 

interventions that help in improving patient care while using VRIIIs. 

Conclusion: This research explored safety and complexity in the use of VRIIIs by 

integrating innovative methodologies inspired by the RHC construct of comparing WAI 

with WAD and by the VRE principles of exnovation, care, reflexivity and collaboration. 

The methods employed and findings of this thesis could help researchers as well as 

healthcare practitioners to better understand the use of VRIIIs in situ and move beyond 

describing concepts to providing practical recommendations, based on practical data 

obtained from a Vascular Surgery Unit, for improving safety and patient care delivery 

while using VRIII.
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1.1 General introduction  

The work presented in this PhD thesis is about exploring Resilient Health Care (RHC) 

surrounding the use of variable rate intravenous insulin infusions (VRIII) in hospitalised 

adult patients. Specifically, my study focused on understanding how work was expected to 

be done (imagined) by managers, policy makers and healthcare practitioners in the use of 

VRIII (phase I), exploring how work was actually performed by healthcare practitioners 

using VRIII (phase II) and then comparing between phases I and II in order to construct a 

model of VRIII use to provide in-depth understanding of the conceptualisation of RHC for 

researchers and healthcare practitioners by illustrating WAI, WAD, and the adaptations 

used and their resultant outcomes, in the context of VRIII use. 

To provide a rationale for this research, this chapter begins with an overview of 

hyperglycaemia, providing a definition and a discussion of its prevalence (section 1.2.1) 

and of the treatment options available in hospitals (section 1.2.2). The treatment options 

focus mainly on the use of VRIII to treat hospitalised inpatients as it is the treatment 

option that is of particular relevance to this thesis, as well as the associated risks, benefits 

and main initiatives for enhancing VRIII safety (section 1.2.2.2). The chapter also provides 

an overview of the safety approaches used to enhance safety in healthcare settings, the 

problems associated with each approach and a description of new approaches that might be 

more applicable in complex adaptive systems (section 1.3). Building on these foundations 

the last part of the chapter outlines the rationale of this study (section 1.4), the scale of the 

problems in this area, and gaps in the research (section 1.4.2) along with the specific 

objectives that were developed to address these (section 1.5). Figure 1.1 provides 

schematic illustration of how the background to my thesis is organised within this first 
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chapter. 

 

Figure 1.1 Schematic representation of the first chapter of this PhD thesis. 

1.2 Hyperglycaemia 

1.2.1 Definition and prevalence 

Diabetes mellitus is a serious chronic disease in which the body’s blood glucose (BG) level 

becomes too high (hyperglycaemia). Hyperglycaemia is defined as BG value >7.8 mmol/L 

(140 mg/dL) [1]. The association between hyperglycaemia and adverse inpatient outcomes 

is widely documented and well established, whether or not the patient has been previously 

diagnosed with diabetes [2-4]. Hyperglycaemia results in physiological changes that can 

exacerbate acute illness, increase direct cellular damage, and decrease vascular and 

immune function [2]. Patients with hyperglycaemia stay longer in hospital for their care, 

show higher rates of mortality, morbidity and admission to the Intensive Care Unit (ICU), 

and are more prone to delayed wound healing and surgical site infections [5-7]. Therefore, 

maintaining BG readings within the target range 6–10 mmol/L (108-180 mg/dL) for most 

inpatients or up to 12mmol/L (216 mg/dL) for inpatients with comorbidities, is a key goal 

to prevent complications in hospitalised patients with hyperglycaemia [8, 9]. 

Hyperglycaemia is common in hospitalised patients and 26% of inpatients with 

hyperglycaemia have a history of diabetes. Twelve per cent of inpatients with 

hyperglycaemia either have a diagnosis of diabetes discovered after admission, or develop 

hospital-related diabetes (stress hyperglycaemia) that spontaneously resolves after the 

acute illness abates [6, 10]. The 2019 National Diabetes Inpatient Audit (NaDIA) estimated 
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18% of adult hospital beds in England and Wales were occupied by patients with diabetes, 

and that by 2030 the prevalence will increase to 30% [11, 12]. As the prevalence of 

hyperglycaemia among hospitalised patients increases, the treatment of diabetes and 

hyperglycaemia in hospital becomes part of everyday clinical work. Numerous guidelines 

have been produced nationally and internationally such as the Joint British Diabetes 

Society for Inpatient Care (JBDS-IP) and the American Diabetes Association (ADA), to 

help healthcare practitioners manage diabetes in hospital using various treatment options 

[13, 14]. 

1.2.2 Managing acute hyperglycaemia in hospital 

Globally, insulin therapy is considered the preferred treatment modality for hospitalised 

patients with acute, unstable, highly elevated and fluctuating hyperglycaemia [15]. Several 

studies have shown an association between insulin therapy and improved patient outcomes, 

not only because of its effect on reducing BG but also because of its pleiotropic effects 

(producing multiple effects from a single hormone) [16-18]. Such pleiotropic effects 

include reduced peri/postoperative complication rates [18, 19], decreased blood pressure 

[16], and improved myocardial perfusion [17]. Insulin can be administered via the 

subcutaneous (SC) route or as an intravenous (IV) infusion for cases in which rapid 

titration is the goal e.g. in sepsis and post-cardiac surgery [2].  

1.2.2.1 Subcutaneous insulin 

SC insulin is the preferred treatment option for patients who are not critically ill and who 

are able to eat and drink normally [2, 20]. In many countries, scheduled SC insulin (basal 

or intermediate-acting insulin administered once or twice a day in combination with rapid- 

or short-acting insulin administered before meals) is widely used because of its 

effectiveness and safety in controlling BG in non-critically ill patients [21, 22]. This 

regimen mimics natural physiological insulin secretion as it matches the body’s insulin 

requirements: basal long-acting insulin to control BG in the fasting state, adjusted pre-meal 

short-acting insulin to control BG following a meal, and supplemental short-acting insulin 

to control unexpected elevation in BG [2, 23]. Although the scheduled SC insulin regimen 

is recommended for all non-critically ill medical and surgical patients in the USA and 

Europe [14, 18], it is not possible to recommend this regimen as first-line therapy for non-

critically ill patients in the UK. This could be explained by the fact that 22% of National 
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Health Service (NHS) hospital sites still have no diabetes inpatient specialist nurses and 

have low access to diabetes pharmacists, while 65% of hospitals do not fully utilise 

electronic prescribing technology to facilitate the scheduled SC insulin regimen [24]. SC 

insulin can also be administered using a twice-daily pre-mixed insulin regimen where 

rapid- and long-acting insulin are combined. However, it is difficult to control BG under 

this regimen owing to a number of patient and hospital factors, e.g. co-morbidities, 

changing medications, variable staff expertise, and changing meal quality and timing [20]. 

SC insulin is also administered as a correctional ‘one-off’ or as required, using rapid- or 

short-acting insulin [25]. However, if repeated doses of the ‘one-off’ SC insulin are 

required, the treatment regimen should be re-evaluated as it will not be sufficient to control 

persistent hyperglycaemia [15]. Compared to SC insulin, IV insulin has a short half-life 

and decreases BG rapidly, which makes it ideal for controlling BG in acutely ill patients 

because of the flexibility of dose titration based on the unpredictable changes in patients’ 

health [2].  

1.2.2.2 Variable rate intravenous insulin infusions 

VRIII is considered the cornerstone treatment and might be the only appropriate option for 

controlling hyperglycaemia in some situations, as summarised in Box 1 [9, 12, 26].  

Box 1 Potential indications for using VRIII to manage hyperglycaemia [9, 12, 14]. 

1. Patients with diabetes, nil by mouth and missing more than one meal 

2. Diabetic ketoacidosis (DKA) 

3. Hyperosmolar hyperglycaemic state (HHS) 

4. Critically ill patients  

5. Post-cardiac surgery 

6. Myocardial infarction or cardiogenic shock 

7. Uncontrolled hyperglycaemia during high-dose glucocorticoid therapy 

8. Perioperative period 

9. Stroke 

10. Sepsis 

11. Parenteral nutrition  

VRIII has a narrow therapeutic index and is considered a high-risk medication [27], 

meaning that if used incorrectly it can cause serious or even fatal harm to the patient. Both 

underdosing and overdosing may cause severe life-threatening side effects such as 

hypoglycaemia, rebound hyperglycaemia or ketoacidosis [8]. Four types of challenges 
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related to the use of VRIII (see Figure 1.2) are described in the scientific literature: 

medication-related, patient-related, healthcare practitioner-related and hospital-related. 

These are discussed further in the following paragraphs [12, 28].    

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 Main challenges in the use of variable rate intravenous insulin infusion. [2, 5, 

14, 15, 26, 29-34] 

Medication-related challenges 

Research studies have shown that the IV route of administration poses additional 

challenges compared to the SC route due to serious errors in prescribing, preparation and 

administration [2, 20, 35]. VRIII, as an injectable insulin formulation, carries added risk as 

it might be difficult to alleviate the negative effect of immediate absorption and 

distribution into the blood circulation [2]. There is limited evidence for a BG threshold to 

start VRIII. However, there is a consensus view that VRIII should be initiated when BG is 

>10 mmol/L (180 mg/dL) [12]. Most current guidelines recommend setting BG levels 

between 6–10 mmol/L (108-180 mg/dL) [12, 14]. However, a more stringent range of 6.1–

7.8 mmol/L (110–140 mg/dL) is sometimes the target in selected patients, if this can be 

achieved in cases of severe hypoglycaemia [14]. Frequent monitoring is another challenge 

facing healthcare practitioners using VRIII. Recent guidelines recommend frequent BG 

monitoring for patients on VRIII, ranging from every 30 minutes to every two hours [13, 

14, 36]. 
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Patient-related challenges 

Each inpatient with hyperglycaemia is unique in their presentation. Associated 

comorbidities such as renal disease may require frequent adjustment of the VRIII rate as 

the disease deteriorates and renal clearance reduces [37]. Co-administration of other 

medications, such as glucocorticoids, which cause hyperglycaemia as a major side effect, 

is another challenge that can result in worsening glucose control and thus warrant 

additional BG monitoring and VRIII rate adjustment [30, 31]. Other challenges, such as 

BG level on admission, outpatient diabetes medications and unanticipated changes in 

caloric intake, can influence glucose metabolism, increase the risk of insulin resistance and 

can in turn influence healthcare practitioners’ decision-making process while using VRIIIs 

[30-32].  

Healthcare practitioner-related challenges 

Clinical inertia is considered one of the key challenges in the use of VRIII which describes 

healthcare practitioners’ reluctance to initiate or intensify the treatment [26, 33, 34]. It 

could be due to fear of hypoglycaemia [15, 33], lack of confidence [33], complexity of 

treatment regimens, unfamiliarity with existing hospital guidelines and confusion regarding 

appropriate BG target [5, 31, 36]. A pilot audit was conducted in 2012 to assess registered 

nurses’ knowledge on diabetes and the use of VRIII in the ICUs. Despite the availability of 

VRIII hospital guidelines, only 7% of participants were able to identify the correct 

procedure for stopping VRIII and re-initiating the usual medications [38]. Existing 

guidelines for the use of VRIII clearly stated the importance to continue the administration 

of long-acting insulin analogues alongside VRIII [8, 14]. A study conducted to explore 

diabetes knowledge among registered nurses working in an NHS Trust identified low 

confidence in their knowledge of insulin therapy, as only 33% of the participants agreed 

with continuing long-acting insulin analogues while a patient is on VRIII [39].  

System-related challenges 

Data from several studies suggests potential system-related challenges in the use of VRIII 

such as lack of multidisciplinary working, poor communication between staff [15, 33] and 

insufficient nurse to patient ratio [15]. In 2009, Ead found that the initiation of VRIII 

greatly affected nurses’ workload because of increased BG monitoring frequency and 
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insulin titrations based on BG readings [40]. It is estimated that a nurse needs at least two 

hours per day for a patient on VRIII, which is considered a tall order in busy, short-staffed 

hospitals [41]. One of the biggest challenges currently facing the NHS is the shortage of 

nurses. It is estimated that 80% of nurse and 90% of doctor vacancies are being filled by 

either agency staff or ‘bank’ staff (the NHS in-house equivalent of an agency) [42]. Even 

when vacancies are filled, there could be negative consequences such as inconsistencies in 

skills and knowledge surrounding VRIII use, the huge financial burden on the NHS 

budget, and a reduction in the ability to deliver continuous patient care [5, 42].  

Although there are available guidelines and protocols for the use of VRIII, they are 

complex and variable [30]. In the UK, there is a growing body of evidence that recognises 

wide heterogeneity in VRIII guidelines in terms of indications of use, rate of infusion and 

duration of use [30]. It is argued that this variability increases the risk of error and makes it 

more challenging to optimise and to study the efficacy and safety profile of VRIII [26, 36].  

1.2.3.3 Initiatives 

In order to overcome the challenges associated with the use of VRIII in hospitals, a variety 

of initiatives have been implemented in hospitals.  

VRIII-specific initiatives  

Standardised protocols  

Several studies recognised the critical role of protocols for the use of VRIII to enhance 

patient safety and decrease the risk of side effects and errors. A systematic review was 

conducted to compare the safety and efficacy of protocol-directed insulin infusions therapy 

with conventional practitioner-directed therapy. Among the studies included, there was a 

clear link between the use of the protocol-directed insulin therapy, and achieving BG target 

levels and reducing hypoglycaemic events [43]. According to the National Patient Safety 

Agency (NPSA), each hospital should have up-to-date protocols for prescribing, preparing 

and administering injectable drugs in all clinical areas [44]. The JBDS-IP has since 2014 

been producing evidence-based guidance on the use of VRIII in order to harmonise 

practice among hospitals in the UK [8]. 
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Continuous education  

Continuous education and learning is another modality used to overcome the challenges 

faced in the use of VRIII. Initiatives including diabetes and insulin learning sessions have 

been the subject of many studies. One study assessed the efficacy of a one-hour, case-

based educational programme intervention to improve inpatient diabetes care using insulin 

infusions. After implementing the intervention, there was a 49% reduction in insulin 

prescription errors in situ and the mean score of confidence in junior doctors’ ability to 

manage hospitalised patients with diabetes increased significantly, from 17.5 to 24.9 (P< 

0.001) [45]. Another study was conducted to assess a diabetes e-learning module at Barnet 

and Chase Farm Hospitals NHS Trust in the UK. After participants had undertaken the e-

learning module, there was a significant increase in their confidence in managing patients 

on VRIII and in switching to SC when appropriate (P<0.001) [46]. Field et al. (2018) 

assessed the prescribers’ knowledge before and after they produced an educational audio-

visual podcast to explain the rationale behind their decisions about which fluids are 

appropriate to prescribe with VRIII. The study showed that producing the podcast had 

significantly improved the prescribers’ knowledge and practice in prescribing the correct 

fluid with VRIII (P<0.001) [47].  

There is strong body of evidence to show that a Diabetes Inpatient Specialist Nurse service 

(DISN) reduces length of stay, excess bed occupancy for people with diabetes [48] and the 

number of VRIII errors, as well as enhancing staff and patient education and support [38, 

49]. Appropriate and effective use of DISN for inpatients is important in ensuring high 

standards of care. The Think Glucose project was a national initiative, led by the NHS, to 

improve inpatient diabetes care in the UK. The project developed a comprehensive ‘traffic 

light’ system to provide frontline practitioners with guidance about which patients should 

be referred to the DISN team [50]. The ‘traffic light’ system strongly recommends that 

patients on VRIII who have uncontrolled hyperglycaemia or have been on VRIII for more 

than 48 hours should always be referred to the DISN [50]. The traffic light system was 

developed to improve the efficiency of DISNs’ work; however, the way it is used in 

practice is not explicitly recorded or defined [51].  
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Prefilled ready-to-administer insulin infusion syringes  

The use of prefilled ready-to-administer insulin infusion syringes for use in VRIII has been 

introduced in some UK hospitals. Although there is no current evidence showing an 

increase in patient safety from using the prefilled syringes compared to syringes prepared 

at the time of administration, their use is advocated by the NPSA guidelines and is also an 

NHS Trust-wide mandate designed to minimise preparation and administration risks as 

well as decreasing preparation time [13, 44, 52].  

Infusion-specific initiatives 

The practice of reducing the range of device types, using centralised equipment libraries 

and using smart infusion devices, has been advocated to prevent critical medication 

administration errors. These smart devices require the entering of additional information 

including patient body weight, name of medication, concentrations and institutionally 

specified ‘soft’ and ‘hard’ dose limits [53]. A number of studies have suggested the 

benefits of smart infusion devices on improving patient safety and reducing infusion rate 

errors by using drug error reduction software and providing an electronic double-check to 

help nurses detect possible prescribing or programming errors [53, 54]. However, more 

studies are needed to confirm the smart devices’ efficacy in reducing infusion errors as the 

most recent Healthcare Safety Investigation Branch report concluded that this is not yet 

proven [55]. 

Other related initiatives  

An electronic prescribing and medication administration (ePMA) system is a technological 

initiative that has had a positive effect on the quality of insulin prescribing [56]. Flanders et 

al. conducted a study to evaluate and compare a glycaemic control initiative as either paper 

protocol or computer-based protocol with decision support system for intravenous insulin 

dosing. After implementing the computer-based protocol, it was found that patients were 

2.28 times more likely to reach target BG as compared to using paper-based protocols [57].  

In England, the Department of Health ‘Scan4Safety’ project led to the introduction of the 

barcode medication administration (BCMA) system, by which medications and patient 

barcodes are scanned and verified before medication is administered [58]. BMCA is 

becoming more common in other countries, e.g. USA [59] and Canada [60], where it is 
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often integrated with ePMA systems. A recent study on the impact of using BCMA on 

patient safety, concluded that the rate and severity of medication administration were 

reduced using BCMA as well as increasing nurses’ time spent in direct patient care [61]. 

The use of continuous glucose monitoring (CGM) technology has improved dramatically 

over the past five years. CGM works by inserting a sensor subcutaneously to measure the 

glucose level in the interstitial fluid, and results are provided every 10 minutes for up to 72 

hours. CGM devices reduce the risk of hypoglycaemia and improve HbA1c levels [62]. 

They incorporate predictive alerts for hypo- or hyperglycaemia which alarm the user 

before the glucose sensor reaches the low or high threshold [63]. However, the 

physiological ‘lag time’ of between 5 and 15 minutes is well reported with the use of CMG 

because the BG reading reflects glucose level in the interstitial fluid rather than the actual 

BG level that is found in capillary blood [64]. Unlike the CGM, the Space Glucose Control 

(SGC) technology is recommended to be used in critically ill adults patients in ICU as it 

automatically calculates the optimal level of insulin rate based on arterial BG 

measurements, carbohydrate intake, administered insulin dose and the patient’s previous 

response to insulin [65]. A European multicentre observational study showed that the use 

of SGC was suitable to achieve excellent BG control in critically ill patients with low 

variability and a good safety level with low incidence of hypoglycaemia [66].  

To date, major initiatives to establish patient safety using VRIII have not convincingly 

been shown to reduce risk, error or mortality rates [24]. VRIII is still used when not 

indicated, 7% of the VRIII duration may be unnecessarily prolonged, and 17% of switches 

from VRIIII to other diabetes medications are mismanaged [8, 67]. Dealing with this 

situation has proved remarkably difficult, making it important to think about effective new 

ways of enhancing safety. 

1.3 Safety in healthcare  

1.3.1 Historical context  

Enhancing patient safety is an overarching goal for healthcare systems. The interest in 

safety, health and environment is as old as civilisation itself [68]. In tracing the historical 

development of safety, Hale and Hovden distinguished between three ages of safety 
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(Figure 1.3), namely ‘the age of technology’, ‘the age of human factors’ and ‘the age of 

safety management’ [68]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3 Timeline for the three ages of safety evolution (Waterson et al. 2015) [69].  
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The first age started around the beginning of the industrial revolution and it was mainly 

concerned with the analysis of technological failures. Technology was considered the main 

threat to safety, not only because the machines of the time were unreliable but also because 

people had not learned how to systematically avoid its risks [68, 70]. Heinrich (1930) 

proposed a sequential accident model called the Domino model, which has been influential 

in safety thinking. The model represents an accident sequence as a causal chain of events, 

represented as the fall of one domino piece leading to the fall of the next, exemplifying 

linear causality [71]. Within this period, event analysis is geared towards using the root 

cause analysis (RCA) approach to discover the underlying causes of accidents in order to 

formulate appropriate solutions [69]. 

In 1979 the second age of safety, termed ‘the age of human factors’, began. This was 

characterised by a recognition of the potential impact of human performance capabilities 

and shortcomings on existing risk and safety analyses [72, 73]. This new perspective of the 

role played by human factors was reflected in developing different methods to address risk 

and safety issues, including failure mode and effects analysis and hazard and operability 

analysis [70, 72]. Such methods have also been applied to healthcare systems to perform 

human reliability and error analysis [74]. 

Around the end of the 1980s, the third age resulted in a shift in thinking about safety, away 

from focusing only on technology and human beings, towards placing both within a 

broader understanding of organisational culture and processes [68]. This new orthodoxy of 

safety thinking argued that adverse events, errors and risks are mainly attributable to the 

wider system rather than to individual error. In relation to this age, a so-called ‘Swiss 

cheese model’ was developed to explain the occurrence of system failures. It imagined the 

system, with its series of defences, barriers and safeguards, as slices of Swiss cheese with 

many holes, arising in the system from a combination of active errors and latent conditions, 

which if they aligned resulted in system failures [75]. The active failures represent unsafe 

acts − lapses, slips, mistakes, violations − carried out by practitioners who are in direct 

contact with the patient or system. Latent conditions are inevitable hazards within the 

system arising from decisions made by policy-makers and top level management, poor 

team dynamics, or time pressure [76, 77]. This model informed the development of the 

framework for analysing risk and safety by focusing on the contributory factors that 

influence practice [78]. The framework of contributory factors was then adapted to 
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produce the London Protocol [79], which has been used extensively in healthcare to 

investigate accidents by attempting to understand how they happen in order to find ways of 

preventing their recurrence [80, 81]. 

Although the third age differs in the way in which it identifies the predominant causes of 

safety and risk, its way of understanding what safety means is the same as the first and 

second ages of safety [70]. The three ages shared the same understanding of safety as a 

condition in which the number of errors is as low as possible. In other words, the lack of 

safety means that something goes wrong or can go wrong [82]. 

Although much work has been done to enhance patient safety, healthcare systems are not 

as safe as they could be. It is clear that the logic of the previously mentioned system-

oriented approaches focuses on problem-based thinking in reactive or proactive ways, and 

does not correspond to the complexity of modern healthcare systems or the reality that, 

most of the time, clinical work results in positive outcomes [77]. 

1.3.2 Complex adaptive systems 

Healthcare systems are regarded as Systems of Systems [83] or complex adaptive systems 

(CASs), in which “the system’s behaviour changes over time and cannot be completely 

understood by simply knowing about the individual components” [84]. ‘Emergence’ and 

‘unpredictability’ are considered key characteristics of CASs. In a CAS, interacting 

processes and individual components operate by following sets of internal rules. However, 

they respond in different ways to the same input, and outcomes emerge in ways that are not 

always predictable (non-linear) [85, 86]. ‘Interdependence’ is another characteristic of 

CAS where systems and their interacting components learn and adapt their behaviour to 

new circumstances, and react to and interact with other parts of the same system or new 

systems, which in turn influences their environment [87]. Healthcare practitioners 

continually manage tensions and translate these tensions into safe practices through the 

dynamic adjustments and trade-offs that are part of everyday work [88]. For example, a 

formal handover from paramedics to clinicians is mandated by the NHS [89]. Usually, 

paramedics use a structured formal checklist to hand over to the charge nurse then conduct 

another handover to the bedside nurse. Researchers observed that a second informal 

handover is usually carried out by the paramedics and the bedside nurses discussing each 

patient’s condition deeply. The informal handover was seen as duplication and time-
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consuming by senior nurses but front line clinical staff believed that this provides a clearer 

and in-depth patient account with less likelihood of missing important information and also 

improved communication [89]. Another crucial characteristic of CASs is that they are 

‘indeterministic’, meaning that the future cannot be forecast by extrapolating data from the 

past because the system alters over time [84]. These core characteristics of CASs highlight 

that for patient-safety advocates, the overarching challenge that must be faced on the road 

to enhancing safety is that of acquiring a profound understanding of the nature of 

healthcare systems.  

1.3.3 Managing risks rather than striving for zero harm 

It is important to pay attention to the methods and approaches used to study safety in 

CASs. As healthcare systems manifest the properties of CASs, it is crucial to explore 

approaches that are different to those used to enhance safety in simple linear settings [85].  

1.3.3.1 Safety-I 

Traditionally, safety was defined as the absence of harm or as few things as possible going 

wrong (termed ‘Safety-I’). The Safety-I approach is predominantly based on the 

assumption of human culpability, with errors and adverse events being caused directly by 

things going wrong whether through incompetence, negligence, personal deficiency, or 

deliberate deviation from standard procedures [90]. It is a bimodal view, where a system’s 

components are viewed as either working correctly, resulting in successful outcomes, or 

working incorrectly, resulting in failures and adverse events (Figure 1.4). The purpose of 

safety management is, naturally, to ensure that the system remains in the successful 

outcomes mode and never slips into the failure mode [70]. 
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Figure 1.4 Safety-I assumes that things that go right and things that go wrong happen in 

different ways (Hollnagel et al. 2015) [82].  

After the World Health Organization (2002) called for urgent action to tackle the problem 

of patient safety and to better manage healthcare-associated errors, the core mission of 

healthcare systems became to learn from medical errors and adverse events through 

learning and incident reporting systems [91]. The assumption was that such an approach 

would identify systemic errors and enable lessons to be learned which could then be used 

to prevent future recurrence.  

Critics of the Safety-I approach argue that a number of limitations undermine it.  

The first is its way of studying and measuring safety specifically that an increase in safety 

is represented by a decrease in the number of adverse events. It is paradoxical that safety is 

approached by trying to study its subject matter in situations where there is a lack of safety 

[90], which as de Vos (2018) put it is akin to “trying to understand successful marriage by 

only looking at divorces” [92]. 

A second limitation lies in this approach’s way of explaining incidents. Safety-I assumes at 

its heart that incidents can be explained by decomposing the problem into its parts then 

addressing each one separately, using linear cause–effect chains [77, 90]. Techniques such 

as RCA and incident reporting have been used to identify the multiple factors that have 

contributed to the harm caused to the patient, bringing a systems science perspective to 

safety [93]. These techniques explain errors as variability in human performance that could 

be fixed by introducing interventions to eliminate their distal cause and thus prevent future 

recurrence [77]. Common examples of interventions for events involving healthcare 
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practitioners include changes to protocols or policies, the use of warnings [89], and 

introducing electronic prescribing systems [94]. While such linear approaches to learning 

from errors have led to some positive results, they have not proved sufficient to enable 

understanding of the performance variability and the dynamic and non-linear nature of 

CASs [95]. 

A third limitation is the people involved in investigating incidents, as distinct from those 

who are directly involved in them. Hollnagel (2008) [96] used the phrase ‘What-You-

Look-For-Is-What-You-Find’ to illustrate the effect of a priori assumptions on the findings 

of incident investigations. Investigators analyse incidents retrospectively, that is with full 

knowledge of their outcome. This type of investigation can lead to various biases, 

including hindsight and attribution error biases, which can negatively impact the validity of 

investigations’ conclusions and in turn produce recommendations that fail to adequately 

address the external factors combining to contribute to or cause incidents, often in 

unexpected ways [97]. These biases may also be wasteful, their emphasis on anecdotal 

accounts leading to precious time, money and other resources being misdirected. For 

example, additional standard instruction and training may be recommended, in the hope 

that this will result in ‘good behaviour’, instead of the same energy being devoted to 

devising more reliable solutions that focus on system learning and address the factors that 

led to an undesired outcome [97, 98]. 

Fourth comes the idealised view referred to as ‘Work as Imagined’ (WAI). Safety-I 

thinking is focused on what regulators, managers and policy makers assume healthcare 

practitioners should do (WAI) when they design protocols and strategies for improvement. 

However, individuals/teams in healthcare organisations may resist the introduction of top-

down, standardised protocols and linear-style interventions because of the dynamic and 

emergent nature of CASs, which necessitate individualised responses rather than following 

standard protocol [99].   

Lastly is that few lessons tend to be learned from the Safety-I approach. The focus of 

Safety-I is learning lessons from adverse events affecting patients during their clinical care, 

but what about the lessons to be learned from those patients who have been correctly 

treated and experienced no adverse events? Although learning from errors is essential, the 

knock-on effect of using ‘band-aid’ approaches which patch areas where there are known 

issues but are not based on an understanding of the whole system, increases the risk of 
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fewer and incomplete lessons being learned [100]. A CAS cannot be understood by 

looking at its individual components – a case of the sum being greater than the parts – and 

we must instead attempt to understand healthcare systems holistically by learning lessons 

from both errors (Safety-I) and successes (Safety-II) rather than vainly striving for zero 

harm. 

1.3.3.2 Safety-II  

Although the focus of all existing safety approaches is to improve care and safety, firm 

evidence that patients and healthcare systems are safer as a result of these approaches is 

lacking [101, 102]. This lack of progress, as has been suggested, is in large measure due to 

the reliance on approaches to safety that have focused too narrowly on learning from a few 

extraordinary situations when a system has broken down [86]. Resilience engineering (RE) 

is a new paradigm for conceptualising how everyday work is accomplished in CASs [95]. 

It explicitly argues that performance variability is an integral part of how people and 

systems deal with expected and unexpected situations, and their capacity to successfully 

adapt is what makes the system work, enabling good outcomes in spite of problems and 

challenges [103]. In order to understand safety differently, a new safety approach termed 

‘Safety-II’ originated from the RE way of thinking. Safety-II shifts the emphasis from 

failure to success. It focuses on understanding and strengthening everyday work and 

adaptations (ordinary) to maximise the number of events with a successful or desired 

outcome [82].  

The fundamental principles that underpin Safety-II approach include:  

1- Variability rather than bimodality in performance 

In contrast with the Safety-I approach, in which outcomes were seen as either successes or 

failures, proponents of the Safety-II approach argued that people naturally adapt to their 

circumstances. These adaptations and variations are necessary for everyday work (‘Work 

as Done’, WAD) and interpretations or judgments of such actions as failures or 

malfunctions should be re-examined [104]. Figure 1.5 illustrates how the occurrence of 

adverse events may be due to the variability inherent in everyday situations, human 

performance and complex systems, rather than to malfunctions. This is consistent with the 

fact that CASs are emergent and interdependent; as a consequence, the work situations are 
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usually unpredictable. This means that healthcare practitioners on the front line work in 

resource-constrained, challenging environments, make adaptations to accomplish their 

tasks to fit with the local context, demands and cultural characteristics, rather than strictly 

follow top-down policies and protocols [90, 105]. 

 

Figure 1.5 Safety based on everyday variability in performance (Hollnagel et al. 2015) 

[82]. 

2- Emergence rather than causality 

The usual way of explaining how outcomes are reached is by tracing back from effect to 

cause until root causes are reached. By contrast, RE and Safety-II do not aim to identify 

root causes, since the principle on which they are built depends on the fact that safety is an 

emergent property of the system and should be seen as residing in the system’s ability to 

succeed under varying conditions [103]. Although there are adverse events that can be 

attributed to malfunctions or failures of a system, there are also many instances where it is 

not possible to attribute negative outcomes to definable cause(s); such outcomes are 

referred to as being emergent rather than resultant [70]. Even when every component of a 

system functions perfectly, exactly as originally intended, accidents might still occur due to 

dynamic nature of CAS where outcomes are not always predictable [106].  

3- Proactive rather than reactive 

Based on the definition of Safety-II, ensuring that things go right in the future cannot rely 

on responding to negative outcomes after the event, in the hope that this alone will correct 

what went wrong last time (reactive response). Instead, focusing on understanding 
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everyday work (WAD) is key in order to replicate and optimise successful practices, to 

maintain the ability to succeed [86], to understand the context and the tensions within the 

clinical environment, and to allow different stakeholders to be aware of each other’s 

perspectives [88]. 

The recent NHS Patient Safety Strategy provides a long-term plan to provide safer and 

better patient care. The plan focuses on understanding how systems provide the right 

clinical care and proactively learn from what works, not solely from what doesn’t work 

[107]. For proactive approaches to work, it is important to understand how the system 

works by understanding both its failures and successes, in order to anticipate what can 

happen, develop and change within it, and to know how the various components and 

functions depend on and affect each other.  

1.3.3.3 Safety-I and Safety-II 

To enhance patient safety, it is crucial that safety advocates integrate the two ways of 

thinking to gain a more balanced perspective on how things go right and how things go 

wrong, rather than focusing on the wrong practices [86, 104]. Table 1.1 summarises the 

key characteristics of the Safety-I and Safety-II approaches [82, 108]. 

Table 1.1 Key characteristics of Safety-I and Safety-II approaches. Adapted from 

Hollnagel et al. 2015 and Appreciating People 2019. 

 Safety-I Safety-II 

Definition That as few things as 

possible go wrong.  

That as many things as 

possible go right.  

Safety management 

principles 

Reactive: respond when a 

risk happens or is 

categorised as unacceptable 

risk (problem-focused 

approach).  

Proactive: continuously 

trying to anticipate 

developments and events 

(appreciative and strength-

focused approach). 

View of human factor Human variability is 

viewed as liability or 

hazard that needs to be 

fixed. 

Human variability is 

viewed as a necessary 

resource for flexibility and 

resilience. Humans are a 

source of solutions to 

various clinical problems. 

Explanation of accidents Accidents are caused by 

failures and malfunctions. 

The purpose of the 

investigation is to find the 

cause. 

Things happen in the same 

way, regardless of the 

outcome. The purpose of 

the investigation is to 

understand how things 

usually go right as a basis 
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to understand how things 

might occasionally go 

wrong. 

In order to make the transition to a more adaptive healthcare system, RHC adopts the 

Safety-II approach and applies RE concepts in healthcare settings, taking a balanced 

approach to safety by integrating the reactive and proactive approaches and understanding 

the successes and failures of each approach [86]. RHC is clear that healthcare practitioners 

are not a problem to be solved or standardised. Instead they are viewed as resources and 

assets that are able to anticipate, monitor, respond, learn and adapt to threats, all 

fundamental features of a resilient system [82, 95]. One of the key constructs RHC uses to 

understand complexity and variability in clinical performance is to compare what people 

say, think, or assume that they do (WAI), with what people actually do in everyday work 

(WAD) [109]. Several studies have shown that there are gaps or misalignments between 

WAI and WAD [110-113]. In practice, patient safety could be enhanced by digging deeper 

to understand how everyday work and interactions are done and to explore the gap between 

WAI and WAD. This exploration would direct systems’ efforts to realign between the two 

perspectives by enabling stakeholders at different system levels to better appreciate how 

work is perceived and how it unfolds in everyday work [114]. 

A considerable amount of literature has been published on safety improvement in 

healthcare. These studies have used the terms ‘Safety-II’ and ‘RHC’ interchangeably. 

Safety is an emergent outcome of an RHC organisation. The aim of RHC is beyond 

‘safety’ only: it focuses on all aspects of everyday work, including safety, productivity, 

quality of care, planning and policy [115]. Throughout this thesis, the term ‘RHC’ will be 

used to refer to this approach used to understand the use of VRIII. 

After bringing together the main ideas already presented about different safety approaches 

and the fact that the RHC approach takes a comprehensive perspective in learning from 

successes as well as failures (which could enhance patient safety in the use of specific 

medications such as VRIII), certain questions arise. How exactly are RHC principles to be 

used to enhance patient safety and allow us to learn from everyday work? And what should 

be studied, how and when? 
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1.4 Study rationale 

To develop a model of VRIII use in a Vascular Surgery Unit based on RHC principles, it is 

necessary to understand the study setting in which this research took place and what has 

been done so far to improve patient safety using VRIII. It is also essential to explore the 

scale of the safety problem faced in the use of VRIII, and gaps in the existing research, in 

order to highlight the importance of doing this new research.  

1.4.1 Study setting 

This study took place in the Vascular Surgery Unit of the John Radcliffe Hospital. This is a 

large tertiary teaching hospital in Oxford, England and is part of the Oxford University 

Hospitals NHS Foundation Trust (OUH). The Vascular Surgery Unit which is part of the 

regional vascular network, provides emergency and elective treatment for patients with 

conditions of the vascular system. One long corridor provides access to the patient bays on 

one side. The unit has six patient bays and four single patient side rooms (24 beds). On the 

other side of the corridor, a small nurse station is located between a sisters’ office for the 

nurse manager and a treatment room where the nurses prepare medications and assemble 

equipment. Computers, delayed discharge and other charts, documents, a printer and a 

telephone, are housed in the nurse station. Mobile computer trolleys are placed at the 

entrance of the patient bays. At the end of the corridor is a staff room where staff have 

their breaks and a room for meetings and training. The hospital has introduced a number of 

initiatives to support inpatient care and enhance insulin safety such as the use of prefilled 

ready-to-administer insulin infusion syringes. The ePMA is another initiative that was 

launched in October 2014 and went live in the Vascular Surgery Unit in February 2015. 

Bedside BG and ketone monitoring equipment are used in the hospital trust to allow 

remote access to the BG levels to provide an early alarm if these go outside the target 

range [116]. The hospital has a multidisciplinary specialist diabetes team including DISNs, 

Diabetes Link Nurse, specialist pharmacists, podiatrists, and diabetes consultants. DISNs 

provide regular training for nurses about the safe use of insulin and on the main adverse 

events and how these can be prevented.  
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1.4.2 The scale of the problem in the use of VRIII and gaps in existing research  

In England and Wales, the 2019 NaDIA report showed that 6.1% of VRIIIs were used 

inappropriately and 16.1% of VRIIIs were not managed appropriately when switched to 

SC insulin [116]. The report suggested that better guidance and training surrounding 

insulin infusions are needed, as is the consideration of processes designed to ensure prompt 

intervention when hypoglycaemic episodes develop [116]. The 2020 NaDIA report 

demonstrated that although the prevalence of all hypoglycaemic episode types had 

decreased since 2010, their relative proportions had remained static since 2017. Almost 

one patient in four had experienced a severe hypoglycaemic episode (BG <3.0 mmol/L) 

[11]. An audit was conducted between 2017 and 2018 at the study site to review 

prescribing, administration and monitoring practice while using VRIII [117]. The audit 

showed that the most frequent problems were related to the selection of appropriate VRIII 

regimens and failure to continue or suspend other diabetes medicines [117]. 

Empirical research on quality improvement in the use of VRIII has mainly involved the 

quantitative study of adverse events [118, 119], while limited attention has been given to 

qualitatively defining the safety failures and successes and the characteristics of the 

healthcare practitioners and the systems that allow these events to arise. However, there are 

a considerable number of studies on how the RHC approach was used to understand 

complexity in healthcare systems by exploring systems’ adaptive capacities and their 

ability to adapt under various conditions [110, 120], although no studies to date have 

researched resilience in the use of VRIII. The question remains about how we can best 

learn from everyday work (WAD) and compare it with WAI in different contexts in order 

to enhance and/or create RHC. Previous studies used various methods to understand WAI, 

among them analysis of documents, reports and protocols, and different methods to 

understand WAD, such as field observation, interviews and focus groups [33, 110, 121-

123]. The methods described can partially capture an approach to understanding WAD. In 

order to understand in situ clinical work, describe the complexity of healthcare, and model 

specific kinds of recommendations from different perspectives in the use of VRIII, a 

relatively new methodology, video reflexive ethnography (VRE), was used. In this 

approach, video footage of real-time practice is shown back to participants in reflexive 

meeting sessions where they collectively make sense of their work and negotiate 
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meaningful, context-appropriate ways of improving their practice and thus enhance patient 

safety [124-127].  

1.5 Aims and objectives 

This research aimed to develop a model of VRIII use by exploring everyday 

clinical work (WAD) and comparing it with how work is imagined (WAI). 

Specific research objectives included: 

• To describe and compare WAD and WAI in the use of VRIII in adult 

inpatients (Chapters 4, 5 and 6).  

• To understand how adjustments and adaptations are made in relation to the 

use of VRIII (Chapters 5 and 6). 

• To develop recommendations in collaboration with participants to enhance 

safety in the use of VRIII (Chapter 5). 

1.6 Thesis outline 

Figure 1.6 is a graphic representation of an overview of this thesis.  

Chapter 1 gives a general introduction and establishes the research context by 

discussing the main areas covered in this thesis, including hyperglycaemia, VRIII, 

safety in healthcare and the study’s rationale, aims and objectives.  

Chapter 2 provides a systematic review and comprehensive analysis of RHC 

concepts used in research studies, and of methods and tools used to study, and 

factors used to enhance, RHC. It also proposes a conceptualisation of RHC to be 

used, and critical questions to be considered, in future studies of RHC.  

Chapter 3 builds on the findings of the systematic review of RHC studies in 

healthcare to provide an overview of the ontological, epistemological and 

theoretical perspectives that underpin this research. The chapter also describes a 

published protocol of this thesis.  

Chapters 4, 5 and 6 are different studies conducted to develop a model of VRIII 

use: 
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Chapter 4 focuses on the first objective of understanding WAI in the use of 

VRIII. This chapter reports a study on understanding, from different 

stakeholders’/users’ perspectives, how VRIII was thought to be used in practice. 

Chapter 5 is a study that focuses on the first, second and third objectives of this 

thesis with the aim of exploring the use of VRIIIs using VRE, determining what 

adaptations are made in everyday work, developing realistic solutions to enhance 

safety in the use of VRIII, and evaluating the feasibility of using VRE in a 

Vascular Surgery Unit.  

Chapter 6 is a comparison study of WAI and WAD using VRIII. The focus here 

is thus on the overall aim of this study: to develop a model of VRIII use by 

exploring the everyday clinical work of healthcare practitioners and comparing it 

with how work is imagined to identify resilient characteristics.  

Chapter 7 provides a general discussion of the methods used to ensure methodological 

rigour, the key research findings, and the potential contribution of the research, as well as 

identifying future research perspectives.   
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Figure 1.6 Thesis overview.  
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Chapter 2 

Resilient Health Care: a systematic review of 

conceptualisations, study methods and factors that develop 

resilience 

Chapter summary: In order to understand the use of VRIII within the RHC framework, it 

was fundamental to first explore what RHC is and how it is used in healthcare systems. In 

this chapter is presented a published systematic review of the concepts, methods and tools 

used to study, and the factors used to enhance, RHC.  
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assessed the quality of the included studies. MI, RHL, KR and CC contributed to the study 

design and data synthesis. MI, RHL, KR and CC revised the manuscript critically for 

intellectual content, agreed and approved the final version to be published. 
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Supplementary information 

Resilient Health Care: a systematic review of 

conceptualisations, study methods and factors that develop 

resilience  

Additional File 1: Mixed Methods Appraisal Tool (MMAT) checklist 

items 
 Methodological quality criteria 

1. Screening questions     

(for all types) 

1.1. Are there clear research questions?  

1.2 Do the collected data allow to address the research 

questions? 

2. Qualitative studies 2.1. Is the qualitative approach appropriate to answer 

the research question? 

2.2. Are the qualitative data-collection methods 

adequate to address the research question? 

2.3. Are the findings adequately derived from the data? 

2.4. Is the interpretation of results sufficiently 

substantiated by data? 

2.5. Is there coherence between qualitative data sources, 

collection, analysis and interpretation? 

3. Quantitative descriptive 

studies 

 

3.1. Is the sampling strategy relevant to address the 

research question? 

3.2. Is the sample representative of the target 

population? 

3.3. Are the measurements appropriate? 

3.4. Is the risk of nonresponse bias low? 

3.5. Is the statistical analysis appropriate to answer the 

research question? 

4. Mixed method studies 4.1. Is there an adequate rationale for using a mixed 

methods design to address the research question? 

4.2. Are the different components of the study 

effectively integrated to answer the research question? 
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4.3. Are the results adequately brought together into 

overall interpretations? 

4.4. Are divergences and inconsistencies between 

quantitative and qualitative results adequately 

addressed? 

4.5. Do the different components of the study adhere to 

the quality criteria of each tradition of the methods 

involved? 
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Additional File 2: Quality assessment of included studies 
Study reference 

 

Screening 

questions 

Qualitative 

studies 

Quantitative 

descriptive Studies 

 

Mixed 

methods studies 

1.1 1.2 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 4.1 4.2 4.3 4.4 4.5 

Studies published in journals 

1. Gittell J. 

(2008)[1] 

Ö Ö Ö Ö Ö Can’t 

tell 

Ö Ö Ö Ö Can’t 

tell 

Ö Ö Ö Ö Can’t 

tell 

Ö 

2. Mash BJ, et al. 

(2008)[2] 

Ö Ö Ö Ö Ö Ö Ö Ö Ö Ö Can’t 

tell 

Ö Ö Ö Ö Can’t 

tell 

Ö 

3. Nemeth C, et al. 

(2011)[3] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

4. Ross A, et al. 

(2012)[4] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

5. Crowe S, et al. 

(2014)[5] 

Ö Ö N/A N/A N/A N/A Ö Ö Ö Ö Ö Ö Ö Ö Ö Can’t 

tell 

Ö 

6. Drach-Zahavy 

A, et al. 

(2015)[6] 

Ö Ö Ö Ö Can’t 

tell 

Ö Ö Ö Ö Ö Can’t 

tell 

Ö Ö Ö Ö Can’t 

tell 

Ö 
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7. Anderson JE, et 

al. (2016)[7] 

Ö Ö Ö Ö Ö N/A Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

8. McCray J, et al. 

(2016)[8] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

9. Back J, et al. 

(2017)[9] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

10. Rosso C, et al. 

(2018)[10] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

11. Wahlströma M, 

et al. (2018)[11] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Studies published in books 

12. Cuvelier L, et 

al.[12] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

13. Pariès J, et 

al.[13] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

14. Laugaland K, et 

al.[14] 

Ö Ö Ö Ö Can’t 

tell 

Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

15. Stephens RJ, et 

al.[15] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

16. Anderson JE, et 

al.[16] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

17. Debono D, et 

al.[17] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
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18. Deutsch E, et 

al.[18] 

Ö Ö Ö Ö Ö Ö Ö Ö Ö Ö X Ö Ö Ö Ö Can’t 

tell 

Ö 

19. Furniss D, et 

al.[19] 

Ö 

 

Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

20. Heggelund C, et 

al.[20] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

21. Horsley C, et 

al.[21] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

22. Hounsgaard J, 

et al.[22] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

23. Hunte G, et 

al.[23] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

24. Nakajima K, et 

al.[24] 

Ö Ö Ö Ö Ö Ö Ö Ö Ö Ö Ö Ö Ö Ö Ö Can’t 

tell 

Ö 

25. Ross A, et 

al.[25] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

26. Sujan M, et 

al.[26] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

27. Zhuravsky 

L.[27] 

Ö Ö Ö Ö Ö Ö Ö N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
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Chapter 3 

Understanding safety differently: developing a model of 

resilience in the use of intravenous insulin infusions in hospital 

in-patients—a feasibility study protocol 

Chapter summary: Building on the findings and insights gained from the systematic 

review of RHC in healthcare systems presented in Chapter 2, this chapter presents my 

philosophical perspective as the PhD and main researcher in this thesis, followed by a 

published study protocol of the main data-collection and analysis methods.  

Bibliographic details: Iflaifel MH, Lim R, Ryan K, Crowley C, Iedema R. 

Understanding safety differently: developing a model of resilience in the use of 

intravenous insulin infusions in hospital in-patients-a feasibility study protocol. BMJ 

Open. 2019;9(7). 

Author contributions: RL and CC conceived the idea for the study. MHI, RL, KR and 

CC collaborated in designing the study. The manuscript was first drafted by MHI. The 

statistical advice was provided by RL, KR and CC. MHI, RL, KR, CC and RI contributed 

to the critical revision of the manuscript. RI contributed to the methodology advice on 

VRE. All authors read and approved the final manuscript. 
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3.1 Introduction 

The aim of this thesis was to explore the use of VRIII in situ and develop a model of its 

use. An interpretive theoretical perspective was used to explore the research aim. The 

philosophical positioning of the researcher is explained in section 3.2. The methodological 

perspectives that underpin the type of data collected, the methods used for its collection, 

and how the data was interpreted, are presented as a published study protocol in section 

3.3.  

3.2 Philosophical perspective  

3.2.1 Relativist ontology (beliefs about the nature of reality) 

Understanding the use of VRIII in a CAS can be subjective in nature because relativism 

argues that there are multiple realities that are shaped by the context where truth evolves 

and changes constantly [1]. How VRIII is assumed to be used or how it is actually used in 

situ may thus be expressed differently by various stakeholders and users. In addition, the 

use of VRIII to treat a patient’s condition may be influenced by the current context, with 

different issues arising at other points in time for that patient or in the case of other 

patients. Additionally, the use of VRIII in a complex, adaptive environment requires 

exploration of the perspectives of multiple agents − healthcare practitioners, patients, 

managers and the researcher − who are interacting with each other and distributed in 

complex ways, in order to accomplish work and goals in both expected and unexpected 

conditions. My ontological stance is that patient safety must be created and recreated every 

day because of the dynamic nature of CASs, which needs to be reflected in our 

understanding of them. 

This relativist ontological perspective of understanding the subjective experience of reality 

and multiple truths, shaped what kind of data would be appropriate in exploring the use of 

VRIII (epistemology) [2].  

3.2.2 Constructivist epistemology (theory of knowledge) 

Constructivist epistemology maintains that truth or meaning are not discovered, but 

constructed [3]. In this way of understanding knowledge, constructivism is underpinned by 

the assumption that all people, including researchers, construct realities and meanings in 
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different ways, even when dealing with the same phenomenon [1, 4]. My constructivist 

epistemological stance was fundamental in the process of distinguishing between WAI and 

WAD and the development of a model for the use of VRIII [5]. Therefore, studying the use 

of VRIII entails being cognisant of various perspectives by understanding how the use of 

VRIII is described in hospitals’ protocols and clinical guidelines, how different 

stakeholders/users perceive these guidelines and how the work is coordinated, delivered 

and accomplished in various situations.  

3.2.3 Interpretivist theoretical perspective  

Interpretivism is a theoretical perspective which focuses on how humans construct 

meaning as they engage with the world they are interpreting [1]. It addresses the 

interpretation or understanding that how humans attach to their work is shaped by their 

own experiences and background [6]. This thesis aimed to understand safety differently. 

That is, instead of the key to improving patient safety lying in counting the number of 

hyper/hypoglycaemic episodes and trying to prevent their occurrence, the researcher 

focused on gaining a comprehensive understanding of how and why most of the time these 

episodes do not happen and what adjustments and factors might contribute to their 

occurrence in a specific context. From the RHC perspective, WAI and WAD are different; 

an in-depth understanding and interpretation of how participants perceive the use of VRIII 

(WAI) and how they use VRIII in situ (WAD), were thus required. In order to achieve this, 

a qualitative approach employing ethnographic methodology was used to understand WAI, 

while a VRE methodology along with quantitative data was used to explore WAD. As a 

result, the development of the model of VRIII use was interpretive in nature as it was 

based not on a single reality but on the ethnographic and VRE research output. The next 

section will present a published study protocol, with further emphasis on the specific 

methodologies, data-collection methods, sample size, recruitment methods, and analytic 

and ethical considerations used to conduct this research. 
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3.3 Published protocol
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Supplementary appendices 

Understanding safety differently: developing a model of 

resilience in the use of intravenous insulin infusions in hospital 

in-patients-a feasibility study protocol 

Appendix 1: Focus group discussion guide 
 

Introduction: 

1. Welcome 

2. Ground Rules 

3. Turn on audio-recorder 

 

Focus group 1 (guideline developers): 

 

Let’s begin: 

• How did you develop the guidelines for IV insulin infusions? 

Prompts: personnel, process, purpose, materials/content/policies, did anybody lead 

this development 

✓ If they only mention one guideline… can you discuss why this guideline? 

 

• What factors were taken into consideration? 

Prompts: patients, healthcare providers, availability 

• How do you think the guidelines to be used? 

• Who will oversee the implementation of the guidelines? 

Prompts: roles, each ward 

• Are there any circumstances where you expect staff might deviate from the 

guidelines? 

• How do you evaluate the use of the guidelines? 

Prompts: reporting systems 

• How will you refine them? 

Prompts: personnel, process, materials 

In the last 10 minutes, the researchers will provide a case scenario for the focus group to 

discuss how they would use the IV insulin guidelines to the case. 

 

Case scenario  

AA, a 55-year-old, obese woman, admitted to the hospital with a sudden, severe headache 

which was described as the “worst headache” ever experienced associated with nausea, 

vomiting and blurred or double vision. After examination, she was diagnosed with brain 

aneurysm and admitted for emergency surgery BUT it is weekend, so she was on the 

emergency list and was prepared for surgery. 

 

Past medical history 

Hypertension, type1 diabetes, peripheral vascular disease, dyslipidaemia. 

 

Admission blood test: 

Glucose (11.7 mmol/L) 

Haemoglobin A1c (HbA1c 8.6%). 
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K 4mmol/L 

 

Diabetes medications: 

Lantus 22 units subcutaneously at bedtime 

Novorapid 2-4 units with each meal 

 

Vital signs: BP 135/85 mm Hg, HR 80 bpm, temperature 37 C, weight 99.8 kg, BMI 32.5 

 

AA is euvolaemic and last ate lunch; it is now 4:30pm. 

 

Let’s focus on glycaemic control. How do you think healthcare practitioners will treat 

this patient? (Target BG, home medications, type of insulin, using fluids, monitoring, 

conversion to SC.) 

 

Focus group 2 (managers): 

 

Let’s begin: 

• How do you know about the new guidelines? 

Prompts: meetings, email, courses 

• When there is a new guideline, what do you do with it? 

Prompt: Who does this and when? How do you introduce the guidelines to your 

staff? 

Prompts: one to one, meetings, training days, email, ward handover meeting 

• Is there a given timeline to introduce the new guidelines or to do something about 

it? 

• How do you ensure the guidelines are being used by the staff? 

Prompt: Can you give examples? 

Prompts: monitoring, reporting, training, understandable 

• What has been your experience of using the guidelines? 

Prompts: successes, good practice, incidents, accidents, concerns, non-

conformities, complaints 

 

In the last 10 minutes, the researchers will provide a case scenario for the focus group 

to discuss how they would use the IV insulin guidelines to the case. 

 

Case scenario  

AA, a 55-year-old, obese woman, admitted to the hospital with a sudden, severe headache 

which was described as the “worst headache” ever experienced associated with nausea, 

vomiting and blurred or double vision. After examination, she was diagnosed with brain 

aneurysm and admitted for emergency surgery BUT it is weekend, so she was on the 

emergency list and was prepared for surgery. 

 

Past medical history 

Hypertension, type1 diabetes, peripheral vascular disease, dyslipidaemia. 

 

Admission blood test: 

Glucose (11.7 mmol/L) 

Haemoglobin A1c (HbA1c 8.6%). 

K 4mmol/L 
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Diabetes medications: 

Lantus 22 units subcutaneously at bedtime 

Novorapid 2-4 units with each meal 

 

Vital signs: BP 135/85 mm Hg, HR 80 bpm, temperature 37 C, weight 99.8 kg, BMI 32.5 

 

AA is euvolaemic and last ate lunch; it is now 4:30pm. 

 

Let’s focus on glycaemic control. How do you think healthcare practitioners will treat 

this patient? (Target BG, home medications, type of insulin, using fluids, monitoring, 

conversion to SC.) 

 

Focus groups 3 (healthcare practitioners working in the Vascular Surgery Unit): 

 

Let’s begin: 

• Are you aware of any OUH guidelines for IV insulin infusions? 

• What do you think of the OUH guidelines for IV insulin infusions? 

Prompts: language, training, content 

• When do you use IV insulin infusions guidelines? 

Prompts: presentation of patients 

• How do you use the guidelines? 

• Are there any challenges with the use of these guidelines? 

Prompts: gaps, barriers, understanding 

• What are the challenges you encounter when treating patients on IV insulin 

infusions? 

Prompts: knowledge, time, staffing 

 

In the last 10 minutes, the researcher will provide a case scenario for the focus group to 

discuss the treatment plan using IV insulin infusions based on their understanding of IV 

insulin infusions guidelines in their hospital. 

 

Case scenario  

AA, a 55-year-old, obese woman, admitted to the hospital with a sudden, severe headache 

which was described as the “worst headache” ever experienced associated with nausea, 

vomiting and blurred or double vision. After examination, she was diagnosed with brain 

aneurysm and admitted for emergency surgery BUT it is weekend, so she was on the 

emergency list and was prepared for surgery. 

 

Past medical history 

Hypertension, type1 diabetes, peripheral vascular disease, dyslipidaemia. 

 

Admission blood test: 

Glucose (11.7 mmol/L) 

Haemoglobin A1c (HbA1c 8.6%). 

K 4mmol/L 

 

Diabetes medications: 

Lantus 22 units subcutaneously at bedtime 

Novorapid 2-4 units with each meal 
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Vital signs: BP 135/85 mm Hg, HR 80 bpm, temperature 37 C, weight 99.8 kg, BMI 32.5 

 

AA is euvolaemic and last ate lunch; it is now 4:30pm. 

Let’s focus on glycaemic control. How do you think healthcare practitioners will treat 

this patient? (Target BG, home medications, type of insulin, using fluids, monitoring, 

conversion to SC.) 

 

That concludes our focus group. Thank you so much for coming and sharing your 

experience with us. 

 

Appendix 2: Reflexive meeting discussion guide 

 
1. Welcome 

2. Ground rules 

3. Turn on audio-recorder 

4. Let’s begin: 

 

• Introductory question: Thinking back to your recent work, can you write down on 

the white paper on the desk three things that you liked and three things that you 

dislike about your experience in the use of IV insulin infusions? You have 5 

minutes to write. Prompts: access to the guidelines, clarity of the guidelines, 

availability of pumps, monitoring frequency, etc.… 

• Thank you. I would now like us to watch a few short videos (approximately 3-6) of 

you using IV insulin infusions. 

• What are your thoughts on what you saw? Prompt: what was happening in the clip 

shown? Please take a few moments to write down on the paper provided what your 

initial thoughts, then feel free to discuss with your colleagues the practices in the 

use of IV insulin infusions in the video that you have seen. 

• Here is a summary of the main recommendations that you mentioned. Do you think 

that this is an adequate summary? Have I missed anything? 

• Of all the things that we have discussed today, what do you think is the most 

important? 

 

I want to thank you all for taking time out of your busy schedules to be here today. 
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Chapter 4 

A detailed analysis of ‘Work as Imagined’ in the use of 

intravenous insulin infusions in a hospital: A Hierarchical Task 

Analysis 

Chapter summary: Following on from the previous chapter in which the protocol 

presented the methodologies and analysis methods required to explore WAI and WAD, the 

current chapter explores WAI in the use of VRIII. WAI was investigated drawing on the 

analysis of hospital-specific guidelines and accounts from different stakeholders’ on how 

they think VRIII is used in practice.   

Bibliographic details: Iflaifel MH, Lim R, Crowley C, Ryan K, Greco F. A detailed 

analysis of ‘Work as Imagined’ in the use of intravenous insulin infusions in a hospital: A 

Hierarchical Task Analysis. BMJ Open. 2021;11:e041848. 

Author contributions: MI, RL, KR, CC and FG conceived and designed the study. CC 

and MI facilitated the recruitment of the participants. MI was responsible for data 

collection with support and guidance from RL, CC and KR. MI, RL and KR coded and 

analysed the data. MI drafted the initial manuscript and the HTA. All authors edited the 

HTAs and CC extensively reviewed and commented on the HTA. All authors extensively 

edited drafts of the manuscript and accepted the final version of the manuscript. 
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Supplementary information 

A detailed analysis of ‘Work as Imagined’ in the use of 

intravenous insulin infusions in a hospital: A Hierarchical Task 

Analysis 

Supplementary File 1: Focus group topic guide  
 

See Appendix 1, Chapter 3 page 76  
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Supplementary File 2: Categories, codes and illustrative quotes for focus groups 
Categories Codes and examples of focus groups’ quotes 

Preparing the 1st draft Using different resources to collect data 

“We took what we had before, we looked at the Joint British Diabetes Society’s template guidelines 

and learning from incidence and from feedback and from nurses about concerns in practice and the 

other audit and quality improvement work we’d done and we sort of stuck it all together and came up 

with a draft. That draft was based on loads of previous proformas and sequential learning and then 

when we done that we initially sent it round our Think Glucose which is our operational group”.  

(FG) 1 

 

Contextualising the national guidelines 

“So there isn’t necessarily a really a robust evidence base or, if you look at the JBDS there is a 

guideline for surgical patients and a guidelines for medical patients, so took that to the group 

particularly for the consultants to help with some of those decisions about ... some of ones where we 

couldn’t just follow the template guidelines verbatim”. (FG) 1 
 

Rationale for using The Joint British Diabetes Societies (JBDS) guidelines 

“The key thing about the JBDS guidelines is there has been a general attempt to standardise things 

in terms of best practice nationally because there was quite a bit of variability in practice across the 

country”. (FG) 1 
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Reviewing the 

clinical content and 

context 

Multidisciplinary team 

“Then we thought we got a reasonable draft we shared it with a wider inpatient adult specialist 

nursing team”. (FG) 1 

 

“..these were all designed by and using junior medical staff. So specifically, to try and use design 

and sort of a flow sheet as a quick reminder for them to follow. And so in a way they gave us sort of 

fresh eyes on how they reviewed or interpreted it”. (FG) 1 

Iterative process 
“And we can see sort of see from the staff if they feel they are user-friendly. if they have many issues in 

reading and using them because we are obviously around the wards all the time”. (FG) 1 

 

“And I was going to say, you get honest feedback because people give you real time feedback of what 

it is like to use now. That is, you are seeing, getting day in day out”. (FG) 1 

Approving the 

final guidelines 

Identifying inconsistencies 

“So it [the Medicines Management Therapeutics Committee] is a generalists’ review and so if there 

are things that are unclear or inconsistent, I think we picked up most of the inconsistencies but things 

that feel clear to us because we know what the language means, its the language we use every day and 

potentially shorthand language then gets reviewed and get sent back”. (FG) 1 

 
Seeking approval “..it went to our Medicines Management Therapeutics Committee which is the 

committee that has to approve any of these types of documents”. (FG) 1 



Chapter 4: Work as Imagined 

 

95 

 

Making 

guidelines 

available for staff 

Availability of the guidelines 

“The MIL has the information and everything that is in the MIL essentially has been digitalised so you 

don’t have to think too much about it, so you just tick the boxes”. (FG) 2 

 

“There’s the, it’s the MIL, it’s called the MIL that’s on the intranet that’s accessible”. (FG) 3 

 

Implementation strategy 

“If you mean is there a Trust process for MIL implementation, the answer is not really. Once they are 

approved they can tend to get stuck on the intranet but we didn’t do that with this one”. (FG) 1 

 

Big process 

“Because variable rate is something that is used so much in this acute hospital, when it came to 

implementing the new changes and we had to take on change management really because nurses are 

very good at making changes if they see the advantages. They are really good. If they see it is going to 

affect their patient, I bet they are very good”. (FG) 1 
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Informing changes Ways to inform new changes 

“.. so he would go to the ward meeting and say this is happening..., the ward sister, may get a memo 

from her matron saying please can you get all your staff to revisit this policy? We’d also have ward- 

based training. So it isn’t just one thing it’s different methods of reinforcing a change of practice or a 

change of policy”. (FG) 2 

 

Interdisciplinary, proactive approach 

“I would have share them with all of the pharmacist going out to the clinical areas. We did also 

for some of them do an alert on the intranet. We have a safety alert”. (FG) 1 

 

“...so we catch the new junior doctors as they come in and make them aware that these exist, we don’t 

have enough time so this is even before they have started”. (FG) 1 

 

Distance between TRUST and the frontline 

“The Trust have objectives. Yeah, and I’m sure…We don’t get told. They have a timeline but I don’t 

know exactly what it is”. (FG) 2 

Training staff Strategies to teach new changes 

“So staff are encouraged to do eLearning, so we all have to do an insulin and diabetes 

management type eLearning and that’s a mandatory requirement of a qualified nurse”. FG 2 

 

“There’s an induction booklet that tells you in terms of when patients are going to theatre if they’re 

diabetic this is how you do it, this is what you do, that is in the vascular handbook for [juniors] when 

we joined”. (FG) 3 

 

Tacit knowledge 

“That thinking was developed here and so it was already in the kind of culture, the 

organisational consciousness actually”. (FG) 1 

 

Modifying training to meet the needs 

“They been having diabetes training once every a couple of months and variable rate is part of that 
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but we discussed that we don’t think that has the impact that we would wish, so for 2019 we are talking 

about doing one subject a week, a month that the link nurses have little target teaching, make more 

express huddles so variable rate probably would be the very top of the list so the link nurse would be 

given that topic and told they need to train each member staff in the ward over that month, 5 minutes”. 
(FG) 1 
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How participants 

perceive and use the 

guidelines 

Description of the guidelines 

“I like the MIL, I think it’s quite clear, I like them ... ”. (FG) 3 

 

“..it’s [protocols] overruled by consultants, by doctors”. (FG) 2 

 

Flexibility and adaptations 

“.. we would have put it up thinking that patient’s going to be nil-by-mouth whereas now it's like you 

can go two meals without it before we put it up. So we’re sort of waiting those six/eight hours, to the 

afternoon, before we’re putting them up sometimes”. (FG) 3 

 

Resilient practices 

“You’re like, okay, my patient’s going to theatre tomorrow, he’ll need a sliding scale and you mention 

it to the doctor the day before so it’s like I’m mentioning it but I’m not planning on putting it up right 

now but I know he’s going to need it come the morning so you’re trying to get that prescription there 

already so that then the night staff in the morning can just set it up”. (FG) 3 

 

Safety-I thinking 

“.. so there’s lots of support structures in place to make sure that we adhere to policy. So on the ward 

it’s very… this ward is very, very… I would say that we’re very familiar with diabetes management 

because we’re vascular so I would say that our practices we really do try to adhere to the policies 

because we understand the importance of doing hourly blood sugars, for example if somebody’s on 

sliding scale, we understand about prompt management of hypoglycaemia, prompt action of 

hypoglycaemia”. (FG) 2 

 

Challenges 

“I need to monitor it every hour…But I still have other patients”. (FG) 3 

 

“The nurses really struggle with the flow of the fluids I mean which bag to give next. It is actually 

within the electronic prescribing system that we are working”. (FG) 1 
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Monitoring practice Personnel 

“Like if it’s a change in the way it’s prescribed then it would be the pharmacist who polices that 

[monitoring]”. (FG) 2 

 
Incident reporting system 

“The Trust monitors everything, so if there’s incidents we Datix them”. (FG) 2 

 

Feedback 

“We have got different rafts of them that have tended to go on sequentially feeding back from different 

things and also really from the incidence and the comments and the, you know, the feedback from the 

people live in the area. These are the brains, there are the knowledge and there are the feel of, they are 

the link of what’s happening in reality and what isn’t and the disconnect and so what you are 

particularly after is either something that’s gone markedly out of how one would expect or the things 
they are seen all the time”. (FG) 1 

Responding to deviation Acknowledging intentional deviation 

“The one case we would specifically expect them to appropriately deviate would be if they would have 

tailored specialist advice, so because this is guidelines we acknowledge this may not fit every patient 

all of the time”. (FG) 1 

 

Situations when staff might deviate 

“Some of the old guidelines are quite different on variable rate and sometimes you will get doctors 

come from a different Trust that might be using slightly different ones. So sometimes they prefer to use 

those to these”. (FG) 1 

 

Dealing with deviations 

“So it is having that conversation and giving that feedback, and I think negotiating a compromise with 

them which maybe about doing something you know in terms of reducing basal insulin”. (FG) 1 

 

“And if it [deviation] becomes a pattern, then we look at 2 things. One is localised education on the 
ward and the other thing that we have done is modify the mandatory training, so the insulin, you know 
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the safe use of insulin is mandatory training has been modified based on incident and patterns that we 
see so serious incidence and patterns that we see”. (FG) 1 
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Supplementary File 3: Categories, codes and illustrative quotes for 

document analysis 
 

Categories Codes and quotes 

Infection control 

precautions 

Bare below the elbow 

“The ‘Bare below the elbows’ initiative was introduced 

as part of the government’s Clean Safe Care Strategy 

to reduce infection risks by improving the ability to 

clean the hands effectively in order to perform effective 

hand decontamination”. 6 

 

Hand hygiene 

“In most routine clinical situations decontaminating hands 

with an alcohol based hand rub or soap and water is 

sufficient”. 6 

 

Dress code 

“All wrist and hand jewellery should be removed at the 

beginning of each clinical shift before regular hand 

decontamination begins. Only one plain wedding band 

ring may be worn on the finger when in clinical areas. No 

other rings or rings with stones or ridges may be worn as 

they harbour micro-organisms and will impede adequate 

hand hygiene”. 6 

Patient identification 

process 

Wrist band 

“The use of printed, barcoded wristbands forms an essential 

part of the integrated process for PPID in relation to the safe 

collection of specimens, the safe administration of 

medications and the safe administration of blood products”. 9 

 

Positive patient identification 

“It is the responsibility of every health care professional to 

check the patient’s identity before carrying out any procedure 

or treatment, using positive patient identification”. 9 
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 Ensuring the identification 

“Should a member of staff identify a patient without a 

wristband or with discrepancies they must take responsibility 

for ensuring the correct identification of the patient using the 

above safe checking procedure and attachment of a wristband 

without delay and before any procedures are carried out”. 9 

Indications for VRIII Ward- based medical inpatients 

“Capillary Blood Glucose (CBG) above 12 mmol/L plus: 

• Severe illness or sepsis 

• Recurrent vomiting 

• Nil by mouth (missing two or more meals) plus: 

✓ Insulin treated & awaiting procedure 

✓ Prolonged starvation”. 1 

 

Ward-based surgical inpatients 

“Nil by mouth (missing two or more meals) plus: 

• Insulin treated & awaiting surgery 

• CBG above 12 mmol/L for 2 hours 

• HbA1c greater than 69 mmol/mo (8.5%) and 

surgery cannot be delayed 

• Acute severe pancreatitis and CBG persistently 
above 12 mmol/L”. 1&4 

 

DKA 

“In patients presenting with ketosis (ketone (β-OHB) 

levels above 3mmol/L), but without significant acidosis, 

treatment with variable rate intravenous insulin infusion 

(Variable-RIII) can prevent the onset of acidosis”. 2 

 

HSS 

“Post-acute phase... if the patient is not eating and drinking 

by 24 hours start a variable rate insulin infusion (see 

Variable Rate Intravenous Insulin Infusion MIL)”. 3 
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Prescribing VRIII Electronic Prescribing and Medicines Administration 

(ePMA) 

“The ‘Insulin-Adult Variable Rate Infusion PowerPlan’ 

should be used to prescribe intravenous insulin infusions 

in adults”. 1 

 

Concomitant medications 

“Continue long-acting subcutaneous insulin. 

Suspend all other subcutaneous insulin and 

other diabetes medication”. 1 

 

Dose and rate 

“Prescribe continuous intravenous insulin infusion 

according to patient’s normal total daily insulin usage”. 1 

 

Avoiding hypoglycaemia 

“Rescue glucose infusion (75 mL of 20% intravenous 

glucose PRN for hypoglycaemia)”. 1 

 

Fluids and electrolytes 

“The preferred fluid for administration alongside 

variable-RIII is 4% glucose & 0.18% sodium chloride 

with potassium 20 mmol per litre (0.15%) to run at 

100 mL/hr, rate adjusted according to clinical 

requirements”. 1 

 

Checking intravenous access 

“Ensure the patient has dedicated IV access for variable-

RIII”. 1&11 

 

Checking initial infusion rate 

“Two registered professionals must set up and check initial 

insulin infusion rate and for each rate change. This is 

recorded by both signing the prescription for 

administration”. 1 

Assembling and 

setting up VRIII 

Syringe pump type 

“Administer insulin and glucose containing infusion via a 

single cannula via a Y-connector with dual anti-reflux 

valves (NHS code FKA322) and a syringe pump extension 

set with integral anti-syphon valve (NHS code FKA040) to 

connect to the insulin”. 1 
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 Aseptic Non Touch Technique (ANTT) 

“Administration sets must be changed using an Aseptic 

Non Touch Technique (ANTT) and observing standards 

precautions and following manufacturers’ 

recommendations”. 11 

 

Visual Infusion Phlebitis score 

“Assess and document the Visual Infusion Phlebitis (VIP) 

score every shift and prior to and following administration 

of any intravenous medicine on EPR”. 11 

 

When to change administration set 

“Administration sets must be changed if they are 

disconnected from the intravascular device and a new 

infusion commenced”. 11 

Administering VRIII Independent check 

“If the two professional have differing results then 

they should each review their process to see if they 

can detect any error. If there is any uncertainty of a 

discrepancy remains then this should immediately be 

escalated to the nurse in charge and/or prescriber”. 

11 

 

ANTT 

“Again, a non touch technique here is an essential safety 

net. It must not be relaxed even if the user is wearing sterile 

gloves. (Because once open to air and worn they are no 

longer sterile.)”. 7 

 

Precautions 

“Do not dilute or reconstitute injectable medicines with a 

pre-filled 0.9% sodium chloride syringe as it is not 

licenced for this use”. 11 

 

Cleaning 

“It is essential that the post procedure hand clean is 

performed immediately after glove removal because the 

hands will have sweated deep and low lying organisms to 

the surface of the skin”. 7 
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Adjustment and 

monitoring 

Injection site 

“Ask the patient to inform a nursing member of 

staff promptly any soreness at the injection site or 

discomfort of any kind”. 11 

 

CBG target 

“Where tight glycaemic control is appropriate, target 

capillary blood glucose (CBG) is 6-10 mmol/L, but 

readings in the range 4-12 mmol/L are acceptable”. 1 

 

Titration 

“Titrate insulin infusion according to CBG”. 1 

 

Checking ketones 

“If CBG over 12 mmol/L, then check capillary ketones”. 1 

 

Urea and electrolyte 

“Essential measures for the safe maintenance of a 

variable-RIII:... Daily urea and electrolytes (more 

frequent if unstable)”. 1 

 

Anaphylaxis reaction 

“Observe the patient for signs of adverse reaction 

including anaphylaxis and/or circulatory overload”. 11 

 

Frequency of monitoring 

“Measure and record CBG hourly (day and night); 

adjust infusion rates accordingly. This is vital to ensure 

the prompt treatment of hypoglycaemia”. 1 

Ending VRIII Assessment of suitability 

“The switch from IV to SC meal-time insulin should be 

delayed until the patient is able to eat and drink 

normally, without nausea or vomiting”. 1 

 

Timing 
“This should happen preferably at breakfast, but no later 
than 5pm”. 1 
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 CBG monitoring after ending VRIII 

“After discontinuation of variable-RIII monitor CBG 2 

hourly for first 6 hours, then every 4-6 hours for the first 

24 hours”. 1 

 

Transition to subcutaneous insulin 

“Restart subcutaneous meal-time insulin at previously 

established dose(s). Doses may need to be adjusted according 

to clinical condition and/or calorific intake”. 1 

 

Restarting oral medications 

“Other diabetes medication should be restarted, if still 

appropriate, when patient is eating and drinking 

normally”. 1 

 

Hypoglycaemia 

“If CBG less than 4 mmol/L (hypoglycaemia): Stop infusion 

and treat for low blood glucose according to the 

hypoglycaemia MIl. Recheck CBG 15 minutes later”. 5 
1 Guidelines for Variable Rate Intravenous Insulin Infusions in Adults. 2 Guidelines for Management of Diabetic Ketoacidosis (DKA) in 

Adults. 3 Guidelines for Management of Hyperosmolar Hyperglycaemic State (HHS) in Adults. 4 Managing Diabetes in Adult Inpatients 

Before, During and After Operations and Procedures. 5 The Management of Hypoglycaemia in Adult Inpatients. 6 Hand Hygiene Policy. 

7 Aseptic Non-Touch Technique (peripheral and central access intravenous therapy). 8 Recording Line Insertion and Visual Infusion 

Phlebitis (VIP) Score. 9 Patient Identification Policy. 10 Visual Infusion Phlebitis Score. 11 Procedure for Preparing and Administering 

Injectable Medicines. 
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Supplementary File 4: Hierarchical task analysis diagrams for deliver patient care sub-goals 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Hierarchical task analysis diagram for ‘Deliver patient care’ sub-goal. 
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Figure 2: Hierarchical task analysis diagram for ‘Prescribe’ sub-goal. 
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Figure 3: Hierarchical task analysis diagram for ‘Assemble components of IV insulin infusions’ sub-goal. 
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Figure 4: Hierarchical task analysis diagram for ‘Administer’ sub-goal. 
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Figure 5: Hierarchical task analysis diagram for ‘Monitor’ sub-goal. 
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Figure 6: Hierarchical task analysis diagram for ‘Confirm suitability to stop IV insulin infusions’ sub-goal.
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Chapter 5 

Video reflexive ethnography methodology to explore the use of 

variable rate intravenous insulin infusions 

Chapter summary: Following on from Chapter 4 in which WAI was explored, this chapter 

evaluates the feasibility of using VRE in this context, including recruitment and data 

collection, and their acceptability by healthcare practitioners. The chapter also discusses how 

VRIII was used in situ (WAD) using a mixed-methods approach.   

Bibliographic details: Iflaifel MH, Lim R, Crowley C, Greco F, Iedema R. Video reflexive 

ethnography methodology to explore the use of variable rate intravenous insulin infusions. 

BMC Health Serv Res. 2021. Submitted. 

Author contributions: MI, RL, CC and RI made a substantial contribution to the design of 

the work. MI collected the data, transcribed the video footage and analysed the video and the 

reflexive meeting transcripts. MI, RL, CC, RI and FG extensively discussed how to analyse 

and interpret the data. RL assisted in analysing the reflexive meeting transcripts and all 

authors participated in discussing the themes. MI drafted the initial manuscript. All authors 

revised the manuscript critically for intellectual content, agreed and approved the final version 

to be published. 
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Chapter 6 

Modelling the use of variable rate intravenous insulin infusions in 

hospitals by comparing Work as Done with Work as Imagined 

 

Chapter summary: Combining the findings presented in Chapters 4 and 5, this chapter 

presents the development of separate HTAs for WAI and WAD in order to understand 

alignments and misalignments between them in the use of VRIII. The chapter also provides a 

detailed description of the process of developing a model of VRIII use. 

Bibliographic details: Iflaifel M, Lim R, Crowley C, Greco F, Ryan K, Iedema R. Modelling 

the use of variable rate intravenous insulin infusions in hospitals by comparing Work as Done 

with Work as Imagined. Res Social Adm Pharm. 2021; 11:S1551-7411(21)00210-2. 

Author contributions: MI: Conceptualisation, Methodology, Software, Validation, Formal 

analysis, Investigation, Resources, Data curation, Writing- Original Draft, Visualization, 

Project administration, Funding acquisition RL: Conceptualisation, Methodology, Validation, 

Formal analysis, Writing- Review & Editing, Supervision, Project administration, Funding 

acquisition CC: Conceptualisation, Methodology, Validation, Writing- Review & Editing, 

Supervision, Project administration FG: Methodology, Investigation, Writing- Review & 

Editing, Supervision, Project administration KR: Conceptualisation, Methodology, Writing- 

Review & Editing, Supervision RI: Conceptualisation, Methodology, Validation, Writing- 

Review & Editing. 
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A study on developing a model of VRIII use by comparing WAI with WAD 
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ABSTRACT 

Background: Variable rate intravenous insulin infusions (VRIII) are widely used to treat 

elevated blood glucose (BG) in adult inpatients who are severely ill and/or will miss more than 

one meal. VRIII can cause serious harm to the patient if used incorrectly. Recent safety 

initiatives have embraced the Resilient Health Care (RHC) approach to safety by 

understanding how VRIIIs are expected to be used (Work as Imagined, ‘WAI’) and how it is 

actually used in everyday clinical care (Work as Done, ‘WAD’).  

Objectives: To systematically compare WAI and WAD and analyse adaptations used in 

situ to develop a model explaining VRIII use. 

Methods: A qualitative observational study was conducted in a Vascular Surgery Unit by 

video-recording healthcare practitioners using VRIII. The video data were transcribed and 

inductively coded to develop a hierarchical task analysis (HTA) to represent WAD. This HTA 

was compared with a HTA previously developed to represent WAI. The comparison output 

was used to develop a model of VRIII use.  

Results: While many of the tasks in the WAD HTA were aligned with the tasks presented in 

the WAI HTA, some important ones did not. When misalignment was observed, permanent 

adaptations (e.g. signing as a witness for a changed VRIII’s rate without independently 

verifying whether the new rate was appropriate) and temporary workarounds (e.g. not 

administering intermediate-acting insulin analogues although the intermediate-acting insulin 

prescription was not suspended) were the most frequently observed adaptations used. The 

comparison between WAI and WAD assisted in developing a model of VRIII use. The model 

was designed to shed light on strategies used to imagine everyday work (e.g. audits, incident 

reports and VRIII guidelines), how everyday work was accomplished (e.g. context-dependent 

adaptations such as seeking verbal orders in emergencies) and how this contributed to both 

successful and unsuccessful outcomes.  

Conclusions: This study provided in-depth understanding of the tasks required while using 

VRIII, and of responses and adaptations needed in clinical work to achieve safer care in a 

complex environment.  
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Key words: Resilient Health Care; variable rate intravenous insulin infusion; hierarchical task 

analysis; Work as Done; Work as Imagined. 

Abbreviations: 

ANTT - Aseptic Non-Touch Technique, BG - Blood glucose, CARE - Concepts for Applying 

Resilience Engineering, CAS - Complex adaptive system, CBG - Capillary Blood Glucose, 

DISN - Diabetes inpatient specialist nurse, ePMA - Electronic Prescribing and Medicines 

Administration, EPR - Electronic Patient Record, FRAM - Functional Resonance Analysis 

Method, FY1/2 - Foundation Year One/Two Doctor, HTA - Hierarchical Task Analysis, IV - 

Intravenous, NA - Nurse assistant, NaDIA - The National Diabetes Inpatient Audit, RAG - 

Resilience Analysis Grid, RHC - Resilient Health Care, SpR - Specialist Registrar, SRQR - 

Standards for Reporting Qualitative Research, VRE - Video reflexive ethnography, VRIII - 

Variable rate intravenous insulin infusions, WAD - Work as Done, WAI - Work as Imagined 
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INTRODUCTION  

Variable rate intravenous insulin infusions (VRIII) are the main treatment modality for acutely 

unwell hospitalised patients with elevated blood glucose (BG) who are unable to eat/drink by 

mouth, are vomiting, miss more than one meal, or are severely ill (e.g. sepsis) [1]. Despite the 

efficacy of VRIII to quickly control elevated BG, this treatment can cause serious problems 

such as hypoglycaemia or ketoacidosis if used in error [2]. The seventh National Diabetes 

Inpatient Audit (NaDIA) 2017 reported 40% of patients receiving insulin had experienced at 

least one medication error. The report stated that almost 6% of the errors were related to 

inappropriate use of VRIII, resulting in increased risk of developing hypoglycaemia or 

experiencing a medication error [3]. The use of VRIII is considered clinically complex where 

multiple interacting factors increase the risk of complications and error. Such factors include 

limited evidence for a threshold for starting VRIII [1, 4], need for frequent BG monitoring [2], 

insufficient staff to patient ratio [5], co-administration of other medications and suboptimal 

knowledge about VRIII’s use and its potential complications [6].  

Patient safety is a priority for every healthcare institution and in the last two decades there has 

been an increasing focus on improving safety and quality [7]. Various initiatives have been 

introduced to enhance patient safety in the use of VRIII, among them daily review of the need 

for the VRIII and of the patient’s clinical status, the use of VRIII-specific guidelines and the 

use of prefilled ready-to-administer insulin infusion syringes [2]. Although these initiatives 

have reduced errors and enhanced patient safety – e.g. in 2019 18% of inpatient drug charts 

had one or more insulin errors, compared to 26% in 2010 [8, 9] − the frequency of error is still 

a cause for concern. The current initiatives are predominantly based on traditional safety 

approaches and follow the ‘centralised control’ mode of safety improvement, or what is called 

Safety-I. Safety-I focuses on identifying errors and implementing solutions to eliminate or 

prevent their recurrence through standardisation of roles and procedures, analysing hazards 

and monitoring conformance [10, 11].  

Healthcare systems are complex adaptive systems (CASs), the term defining a collection of 

individual agents with freedom to act in ways that are not always totally predictable and 

whose actions are interconnected so that one agent’s actions change the context for other 
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agents [12]. Evidence suggests that new approaches are needed if further improvements are to 

be made [11, 13, 14]. These approaches focus on the ‘decentralised mode’ of safety, known as 

Safety-II, which in turn focuses on increasing the adaptive capacity of systems and individuals 

through understanding the complexity of everyday work. Safety-II advocates how practices 

and behaviours emerge because of continuous interactions across the system’s components, 

and supports the idea that clinical work usually succeeds, but sometimes fails [7, 11]. Resilient 

Health Care (RHC) is a relatively new approach that takes a comprehensive view based on 

exploring and enhancing the system’s adaptive capacity by learning from how clinical work 

usually succeeds and how it might fail [10, 11]. Understanding how clinical work is actually 

done (WAD) and comparing it with how work is expected to be done (WAI) provides a rich 

framework to explore complexity and inform the development of safety interventions by re-

aligning WAI with WAD [15]. Therefore, the aims of this study were to systematically 

analyse and compare WAI and WAD in the use of VRIIIs, analyse adaptations used in the 

clinical environment to identify areas of weakness and strength, and develop a model of VRIII 

use based on RHC principles.  

METHODS 

Study design 

This study drew on the constructivism paradigm [16]. The researcher focused on the context 

and interpreted the findings from her position as a clinical pharmacist with experience in 

diabetes management to construct and accumulate knowledge of what had been observed and 

translated it into tasks and plans to compare WAD with WAI. This study was conducted in 

four stages: 1) video-observations of everyday work to explore WAD while using VRIII; 2) 

video-observations analysis; 3) comparison between WAD and WAI; 4) developing a model 

of VRIII use. This study adheres to the Standards for Reporting Qualitative Research (SRQR) 

[17]. 

Study setting 

This study was conducted in a Vascular Surgery Unit in a large tertiary, acute National Health 

Service (NHS) teaching hospital in England, UK. 
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In the Unit, the VRIII process was not automated. The electronic prescribing, monitoring and 

administration (ePMA) system within the electronic patient record (EPR) provided a 

prescribing proforma with clinical decision support to assist healthcare practitioners in patient 

assessment and in their decision-making. This decision support was based on the hospital 

guidance. Insulin infusions were supplied to the clinical area as a 50 unit in 50ml syringe as a 

ready-to-administer presentation. Bar-coded medicines administration was not used. The Unit 

used a syringe pump for insulin infusion and a volumetric pump for IV glucose-containing 

fluids with the rate programmed in ml/hr; dose error reduction software was not used. Point of 

care monitoring of the capillary blood glucose (CBG) and blood ketones via networked 

wireless meters provided a direct upload of the patient test results in the EPR. The delivery of 

patient care while using VRIIIs depended on various elements, e.g. manual bedside 

monitoring of CBG and blood ketones, and choosing the appropriate VRIII rate and IV fluids 

to be administered along with VRIIIs. Decision-making was used by healthcare practitioners 

to understand the linking and interactions between these elements to ensure the delivery of 

patient care. Two nurses conducted independent verification of prescriptions, patients, 

infusion pump programming, CBG, VRIII initial rate and of each rate change. There was 

generally one nurse per six patients and foundation year one/two (FY1/2) doctors were 

regularly present. 

The use of VRIIIs was well placed to provide an example to assess the limits of RHC 

principles. Specifically, the use of VRIIIs is complex and multidimensional. It encompasses 

various factors, e.g. BG monitoring frequency and lack of clinical knowledge regarding the 

use of VRIIIs, interacting in ways that result in clinical work practices and adaptations that are 

often unpredictable. We believe that analysing the nature and the permanence status of these 

adaptations is complex enough to explain RHC constructs, clarify the concept of RHC, and 

propose recommendations for enhancing patient safety innovated from understanding the 

misalignments between WAI and WAD observed in situ. 

Stage 1: Video-observation to explore WAD  

Sample and Data Collection 
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This study is part of a wider project [18] which in part assessed the feasibility of using video 

reflexive ethnography (VRE) methodology to understand WAD. A purposive sampling 

approach is considered appropriate for feasibility studies if a wide range of the intended 

measures are likely to be faced by the participants to which the method or interventions are 

directed [19]. A purposive sample of two inpatients treated with VRIII and healthcare 

practitioners caring for these patients and involved in the use of VRIII, were recruited. The 

eligibility criteria for participants are presented in Box 1. 

Box 1: Eligibility criteria for the recruitment of participants. Adapted from Iflaifel et al. 

(2019) [18] 

Inclusion criteria 

 

Healthcare practitioners who are: 

1- Willing to be observed by video recording. 

2- Working in the Vascular Surgery Unit. 

3- Managing/caring for patients on VRIII. 

 

Patients who are:  

1- Aged ≥ 18 years old. 

2- Receiving VRIII for at least 24 hours to treat elevated BG. 

3- Under the care of a healthcare practitioners who have consented to participate in this 

study.  

4- Able to provide informed consent. 

 

Exclusion criteria 

 

Healthcare practitioners who are: 

1- Not willing to be observed by video recording. 

2- Not working in the Vascular Surgery Unit. 

3- Not involved in the use of VRIII. 

 

Patients who are: 

1- Not willing to be observed by video recording. 

2- Not prescribed VRIII. 

3- On IV insulin and glucose infusion for hyperkalaemia (potassium levels > 

5.5mmol/L). 

4- Unable to provide informed consent. 

5- Non-English speakers. 

Data were obtained by video-recording healthcare practitioners while using VRIII (e.g. 

prescribing, administering and monitoring). Data collection was performed between 

November 2019 and March 2020.  
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Stage 2: Video-observations analysis  

The video data, including both verbal utterances and observed activities, were interpreted and 

transcribed by the researcher (XX). The video transcripts were inductively coded by XX to 

explore and understand what tasks and sub-tasks were required to achieve the main goal (see 

Supplementary file 1 for the coding of the video transcripts). A hierarchical task analysis 

(HTA), one of the most widely used types of task analysis [20] was used to represent the tasks 

required in situ while using VRIII. HTA describes a task as an overall goal with a hierarchy of 

subordinate steps. At each sub-task level, the plan directs the sequence of task steps and 

explains how the sub-tasks are to be undertaken [20]. The HTAs were developed by the 

research team and the process was iterative.  

Member checking technique was used to enhance trustworthiness and research credibility [21]. 

The final draft of the developed HTAs was validated by one of the healthcare practitioners 

who had been video-observed. The healthcare practitioner validated the WAD HTAs by 

checking the tasks and the plans presented in the HTAs and confirming the accuracy of the 

data interpretation. No changes were suggested during this process. 

Stage 3: Comparison between WAD and WAI 

A separate study that produced a HTA of WAI (see Supplementary file 2) was used to conduct 

a comparison of WAI and WAD. The WAI HTA was developed using a triangulation of two 

sources of data: VRIII guidelines and related documents and focus groups with guideline 

developers, managers and healthcare practitioners [22]. The observed tasks, sub-tasks and 

plans presented in the WAD HTA were compared with the related tasks and plans in the WAI 

HTA to identify alignments and misalignments. One member of the research team (XX) 

reviewed the HTAs' comparison outputs and a discussion with the wider research team (XX, 

XX, XX and XX) was conducted to consider various aspects and perspectives of the video 

interpretations and the results of comparing WAI with WAD. Where misalignments were 

identified, further analysis was undertaken to understand the adaptations used and to classify 

the status of these adaptations and the resulting outcomes. Drawing on Watt et al. (2019)’s 

work, observed adaptations were classified either as permanent (regularly performed in the 

course of everyday work) or temporary (arranged ad hoc to respond to immediate challenges 
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only) [23]. The classification was made based on discussions between the researcher and 

healthcare practitioners during the reflexive meetings. 

Stage 4: Developing a model of VRIII use 

The model was developed based on findings from stages 2 and 3, and relevant literature. 

Although the model retained the RHC principles, its development was data-driven, a process 

including clarifications and additions based on empirical data resulting from comparing WAI 

with WAD in the use of VRIII in the study hospital. The model development also drew on the 

relevant literature’s differentiation between three types of tasks (simple, complicated and 

complex) accomplished within the healthcare environment as a requirement to identify what 

resources, assessment tools and solutions are required to improve delivery of patient care [24-

26]. The model development was highly iterative and involved the whole research team. The 

first draft was developed by organising and analysing the findings from stages 2 and 3. A 

series of meetings to inform the development of the model were planned and held with the 

research team and the study site collaborator. Much discussion centred on clarification of 

terms used in the model. For example, the first draft of the model used “acceptable” and 

“unacceptable” to represent the outcomes. These words were viewed to be insufficient to 

comprehensively classify all potential outcomes resulting from everyday work. “Proximal” 

and “distal” were used instead to represent the immediate, short-term impact of everyday 

work, and the long-term impact that might emerge over time, respectively. Issues raised and 

all resulting modifications to the model were discussed and validated in the research team 

meetings and the final draft was developed to illustrate the use of VRIII in situ. 

Ethics 

Ethical approval was obtained by the XX Ethics Committee (UREC) (ref: 18/03), NHS 

Research Ethics Committee (REC) and Health Research Authority (HRA) (ref: 18/SC/0456). 

RESULTS  

Exploring WAD 
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Thirteen hours of video recordings of 10 healthcare practitioners who were caring for two 

patients were used to develop the final HTA (see Fig. 1). Although it was planned to video 

both patients’ cases over 24 hours (day and night) [18], the researcher was unable to stay in 

the hospital overnight and healthcare practitioners were too busy to help with the video 

recordings when the researcher was not available. As a result, the 13 hours of video recording 

was all captured during the day. Treating elevated BG was identified as a key goal while using 

VRIII. The HTA highlighted more than 100 practical tasks needed to achieve the goal. The 

sub-goals necessary to achieving the main goal were predominantly related to confirming the 

potential need for VRIII, prescribing the right medications based on BG readings, checking 

that the prescribed medications matched the prescription and adjusting the medication 

administered to aim for BG readings within the normal range, to prevent complications such 

as hypo/hyperglycaemia. 
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Fig. 1. A HTA of using VRIII based on WAD.
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The sub-goal, prescribe the right medications based on BG readings, was decomposed into 

several tasks. This sub-goal requires the doctors to prescribe VRIII, IV fluids and IV glucose, 

to stop all diabetes medicines other than long-acting insulin analogues which should continue.  

To accomplish the assembling of the components of the VRIII, the nurses first checked that the 

medication matched the prescription on the Electronic Patient Record (EPR) and assembled 

equipment as expected.  

To administer insulin/IV fluids (see Supplementary file 3), the nurses recorded the medications 

to be administered on the EPR (VRIII and IV fluids). Before preparing the VRIII and IV fluid 

pumps, an independent verification of the VRIII/IV fluids before administration was observed. 

A separate nurse checked the label of the prefilled ready-to-administer insulin infusion syringe 

against the prescription information on the EPR screen and then signed her initials and added 

the time and date. The nurse then checked the label on the IV fluid infusion bag and signed as 

a witness in the ‘Recording details’ window on the EPR. Ideally, two registered professionals 

must set up and independently check the initial insulin infusion rate and each rate change. In 

one case, the nurse signed as a witness without checking the changed rate and its 

appropriateness to the CBG readings. During the observations, it was clear that the nurses 

always sought a witness before administering the VRIII and IV fluids, but if they were unable 

to find one free then they might proceed to start administration without this happening. 

Seeking a witness was not always feasible as other nurses might sometimes be busy. One way 

this was managed was by administering the medication before performing the independent 

verification in order to prevent a delay in administering the VRIII and thus prevent 

complications.  

The sub-goal monitor (see Supplementary file 3) is used to describe a broad range of 

monitoring including CBG, blood ketones, cannula and patient complaints. It was observed 

that the nurses tried to follow the hospital guidelines by monitoring CBG every hour while the 

patient was on the VRIII. However, it was observed that during busy shifts, nurses were 

unable to monitor CBG every hour and the monitoring was delayed by between five and seven 

hours.  



Chapter 6: Modelling the Use of VRIII 

169 

 

There were multiple tasks observed as part of accomplishing the training sub-goal. A diabetes 

inpatient specialist nurse (DISN) came to deliver a 10-minute teaching session about 

hypoglycaemia treatment to the staff on the ward. Interestingly, the DISN nurse delivered the 

teaching session as expected but there was only one student nurse who attended the session.  

From the HTA, it was clear that the electronic documentation of CBG/ketones readings, VRIII 

rate, insulin/fluids administration and VIP score is a required step in almost every task needed 

to accomplish the key goal. However, it was observed in one case that the VRIII rate was 

changed on the infusion pump but the change was not documented in the EPR.  

Treat hypoglycaemia if BG<4 mmol/L (see Supplementary file 3) was another major sub-goal 

in the successful treatment of elevated CBG using a VRIII. This required the doctors to 

prescribe IV glucose 20% as an antidote and for the nurse to assemble the equipment, 

administer the IV glucose 20% and check the patient’s CBG level after 15 minutes.  

WAI and WAD: To what extent do they differ? 

The misalignment between tasks in the WAD HTA and WAI HTA are highlighted in orange 

in Fig. 2. The observed tasks that matched that of the WAI HTA included prescribing a 

flushing solution, insulin, antidote and IV fluids, assembling and administering the VRIII and 

IV fluids via an infusion pump and treating hypoglycaemia.  
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    Fig. 2. A mapped HTA illustrates similarities and differences between WAI and WAD. 
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Misalignments were primarily related to the ‘Teach’, ‘Prescribe’, ‘Assemble components of 

the VRIII’, ‘Administer’, ‘Monitor’ and ‘Confirm suitability to stop the VRIII’ sub-goals, all 

of which are crucial tasks to ensure patient safety while using VRIII. The misalignment 

between WAI and WAD tasks is shown in Table 1. 

Table 1. WAI tasks and their execution in situ.  

Tasks in the 

WAI-HTA 
Status Evidence from WAD 

Observable 

outcome 

Adaptations’ 

permanence 

status 

2.3.1 Teach 

Ten-minute 

espresso 

teaching 

PD 

 

A Diabetes Inpatient 

Specialist nurse 

conducted a 10-

minute teaching 

session about 

hypoglycaemia. 

One student nurse 

attended the session 

and no other nurses 

attended. 

NA 

 

3.1.5 Prescribe 

3.1.5.3 

Prescribe IV 

insulin, fluids 

and antidote 

(20% glucose 

IV) using the 

relevant 

electronic 

prescribing 

proforma 

PD 

 

The VRIII and the 

antidote were 

prescribed but the IV 

fluids were not 

prescribed. 

 

The nurse found out 

that the IV fluids 

were not prescribed 

and went to the SpR 

and asked him to 

prescribe it. 

Temporary 

 

3.1.5.3.4 Select 

appropriate IV 

fluid to avoid 

hypoglycaemia 

and electrolyte 

imbalance 

ND 

 

The SpR prescribed 

the IV fluids and 

electrolytes.  

 

Based on the 

hospital guidelines, 

the potassium 

content of the 

prescribed fluid was 

not appropriate for 

the patients' serum 

potassium level.  

Temporary 

 

 

3.1.5.4 Continue 

long-acting 

subcutaneous 

insulin if 

previously 

prescribed and 

suspend all 

other 

PD The SpR did not 

suspend the regular 

prescription for 

subcutaneous 

intermediate-acting 

insulin when initiating 

the VRIII. 

The nurse did not 

administer the 

intermediate-acting 

insulin to the 

patient. 

 

Temporary 
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medications for 

diabetes. 

3.1.6 Assemble components of IV insulin infusion 

3.1.6.4 Follow 

Aseptic Non-

Touch 

Technique 

guidelines 

ND The ANTT guidelines 

were not followed. 

NO NA 

3.1.6.4.1 Clean 

hands with 

alcohol rub or 

soap and water 

ND The nurse did not 

clean hands with 

alcohol rub or soap 

and water but applied 

non-sterile gloves 

before checking the 

EPR. 

NO NA 

3.1.6.4.2 Clean 

work surface of 

blue preparation 

tray for 

injectable 

preparation with 

large universal 

wipes. Allow to 

dry for 30 

seconds 

D The nurse cleaned the 

blue injectable 

preparation tray whilst 

putting on gloves. 

NO NA 

3.1.6.4.3 Gather 

equipment, open 

equipment and 

medicine, then 

place the opened 

content into a 

clean blue 

preparation tray 

PD The nurse gathered 

equipment and put it 

inside the blue 

preparation tray 

before opening the 

outer package.    

NO NA 

3.1.6.4.4 Check 

CBG 

ND CBG was not checked 

before opening and 

priming the IV line. 

The nurse spent 

time assembling and 

priming the IV line, 

then found that the 

patient was 

hypoglycaemic. 

NA 

3.1.6.4.5 Clean 

hands as per 

protocol 

ND Hands were not 

cleaned before 

applying gloves. The 

nurse applied gloves 

directly, without 

washing hands. 

NO NA 

3.1.6.4.10 Scrub 

the needle free 

ND The nurse attached the 

insulin and fluids to 

NO NA 
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port tip with 

chlorhexidine 

and alcohol 

wipe for 15 

seconds and 

allow 30 

seconds to dry. 

the patient cannula 

without wiping the 

needle free port tip. 

3.1.7 Administer  

3.1.7.1 Perform 

two-staff 

independent 

verification of 

prescription, 

patient, pump, 

blood glucose, 

VRIII initial rate 

and for each 

rate change. 

 

PD Patient case 1: a 

senior nurse changed 

the infusion rate of 

VRIII, then told a 

second nurse that the 

rate had been 

changed, asking for 

the nurse to sign as a 

witness on the EPR. 

Patient case 2: The 

independent 

verification before 

administering VRIII 

was not done as the 

second nurse was 

busy with another 

patient and the nurse 

chose to proceed with 

the task. 

The VRIII rate was 

changed and the 

second nurse signed 

on the Electronic 

Patient Record 

without checking 

the changed rate.  

 

 

The nurse 

administered the 

VRIII and IV fluids 

to the patient 

without delay. 

Following this, the 

second nurse 

checked and signed 

on the EPR. 

Permanent  

 

 

 

 

 

Temporary 

3.1.7.4 

Document the 

administration 

of VRIII and/or 

IV fluids on drug 

chart 

D This task was 

performed before the 

nurse administered 

VRIII to the patient. 

NO NA 

3.1.8 Monitor 

3.1.8.4 Perform 

required 

monitoring for 

IV insulin 

infusion based 

on the relevant 

MILs 

PD Based on the 

Medicines 

Information Leaflet, 

CBG monitoring for 

patients on VRIII 

should be performed 

hourly. 

BG monitoring was 

performed every 1-7 

hours.   

 

Permanent 
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3.1.8.5 Take 

action based on 

the results of 

monitoring as 

per relevant the 

Medicines 

Information 

Leaflet  

PD 

 

 

 

 

 

 

 

 

 

 

In the hospital 

guidelines there is no 

clear description on 

how to clean the 

planned skin puncture 

site before checking 

blood glucose. 

However, instructions 

are provided in the 

CBG monitoring 

training to wipe the 

planned skin puncture 

site with damp cotton 

wool. 

 

Two different 

practices were 

observed to clean 

the planned skin 

puncture site: 

Patient case 1: one 

nurse used wet 

cotton wool 

dampened with tap 

water. 

Patient case 2: a 

second nurse used 

dry cotton wool. 

Permanent  

3.1.10.1.4.1 Stop VRIII if blood glucose < 4 mmol/L 

3.1.10.1.4.2 

Administer 

antidote (20% 

glucose IV 

infusion) 

D Sometimes the nurses 

proceeded with 

administering the 

antidote and checked 

in retrospect that it 

was prescribed. In 

other cases, the nurse 

asked for a verbal 

order before 

administering the 

antidote. 

Hypoglycaemia was 

treated without 

delay. 

Permanent  

 

Key: (D) Done; (PD) Partially Done; (ND) Not Done; (NA) Not Applicable; (NO) Not 

Observed.  

ANTT Aseptic Non-Touch Technique; CBG Capillary Blood Glucose; ePMA Electronic 

Prescribing and Medicines Administration; EPR Electronic Patient Record; FY1/2 Foundation 

Year One/Two Doctor; IV Intravenous; MIL Medicines Information Leaflet; SpR Specialist 

Registrar; VRIII Variable Rate Intravenous Insulin Infusions. 

Permanence status of the adaptations: permanent or temporary 

The analysis of the permanence status of the adaptations resulted in categorising adaptations 

as either permanent or temporary. Permanent adaptations were divided into planned 

adaptations that aimed to proactively improve the care or forced adaptations that were 

routinely done because the ideal solution for the problem faced was not available at that time. 

An example of a permanent, planned adaptation was when healthcare practitioners predicted 

the urgency and acuity of developing hypoglycaemia and responded proactively by 

administering the antidote without checking the prescription or by only seeking verbal orders. 
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The other type of permanent adaptation consisted of forced adaptations, in which the nurses 

made sure that the signature of a witness appeared on the system; however, this was not 

executed as required. The witness did not independently verify the changed rate of VRIII but 

signed to confirm they had on the electronic system. 

Most of the observed adaptations were temporary workarounds that did not resolve the 

underlying system problem and relied on how each healthcare practitioner responded at that 

point in time. For example, the SpR did not suspend the intermediate-acting insulin but the 

nurse did not administer it due to her previous knowledge of the importance of discontinuing 

all diabetes medicines, except long-acting ones, when VRIIIs are prescribed. Such adaptations 

were temporary workarounds that had a localised effect; they brought no permanent 

improvement to the system as they were not reported, which might have led to such 

improvement. Another example of temporary adaptation was when some nurses adapted by 

assigning nurse assistants (NAs) to monitor CBG levels. When a nurse delegated monitoring 

CBG to NAs, some NAs were not familiar with the frequency of monitoring CBG for patients 

on VRIII and this led to variability in monitoring frequency with consequent negative effect 

on the patients’ CBG levels. 

The observed outcomes  

Table 1 shows the observed successful and unsuccessful outcomes resulting from healthcare 

practitioners’ adaptations when performing specific tasks. Whenever misalignments were 

identified, various adaptations were made to ensure that VRIII, antidote and IV fluids were 

prescribed on the EPR so that they could be administered. On one hand, adaptations in this 

case resulted in accelerating the process of prescribing IV fluids; however, an inappropriate 

fluid type for the patient was prescribed instead. On the other hand, the nurse’s response by 

not following the prescription resulted in ensuring that the patient’s safety remained the 

priority. The nurse did not administer the intermediate acting insulin despite the fact that it had 

not been suspended by the doctor. For the independent verification of a rate change for VRIII, 

although the main aim was to ensure that the signature of a witness appeared on the EPR when 

administering VRIII or after changing its rate, one nurse adapted by deciding not to wait for 

the other nurse to countersign the EPR, which resulted in the VRIII being administered to the 

patient without delay.  
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Monitoring was one of the overarching tasks to focus on when the goal was to make sure that 

BG monitoring was performed hourly and the VRIII rate changed based on CBG readings. 

Healthcare practitioners’ adaptations by assigning the monitoring task to other staff, e.g. an 

NA, or by performing the monitoring themselves when they were free, resulted in the patient 

being hyperglycaemic throughout the day (24 hours) and in monitoring being delayed by two 

to seven hours. Treating hypoglycaemia is a crucial task and it was observed that some 

healthcare practitioners would not wait to check the electronic prescription and would adapt 

by administering the antidote before checking the prescription or by seeking verbal orders in 

order to prevent complications and to ensure patient safety.  

Modelling VRIII use 

A model representing the use of VRIII was developed (see Fig. 3). The general structure of the 

model is that WAI (left) represents strategies used to inform and enhance WAD (middle) to 

produce outcomes (right). A feedback loop represents continuous adjustments based on 

reviewing patient care delivery and everyday work. The arrows pointing to the right, between 

WAI and WAD and between WAD and outcomes, indicate that the directionality is left to 

right. The dashed arrows in the opposite direction indicate the potential of feedback 

mechanisms. The dashed lines rectangles represent that the WAI, WAD and outcomes are 

dynamic and can change in response to results from continuous monitoring of everyday work 

and patient care delivery outcomes.   
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Fig. 3. Model of VRIII use in a hospital. 

Work as Imagined  

The left side of the model illustrates WAI that is planned to achieve alignment with WAD. 

This alignment cannot be completely achieved because of the complex nature of healthcare 

systems, in which unexpected situations that need adaptations and adjustments are always 

likely to arise [27]. However, systems use various strategies to imagine how everyday clinical 

work is accomplished, in order to strengthen work and narrow the gap between WAI and 

WAD. WAI has been previously addressed in the context of using VRIII in the hospital unit 

[22]. The hospital used various resources to produce its own hospital-specific guidelines, such 

as the relevant Joint British Diabetes Societies for Inpatient Care guidelines, the National 

Diabetes Inpatient Audit, local incident reports, feedback, clinical audits and quality 

improvement projects. Various strategies were used to implement the guidelines, such as 

ensuring the availability of the guidelines on the hospital’s intranet and ePMA, training staff 

and preparing group-specific material, e.g. posters, handbooks, meetings and memos, to 

explain to staff the rationale of the new guidelines. The hospital guaranteed the delivery of 

patient care by ensuring the use of the hospital-specific guidelines. Any identified deviation 

was approached by having conversations and asking questions designed to identify the reasons 
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behind the deviation, giving feedback, finding a compromise, providing immediate informal 

education, and finally changing the wording of guidelines or modifying the content of 

mandatory training materials if required [22].  

Work as Done 

It is apparent from the model in Fig. 3 that WAD (middle) is accomplished by using 

standardised practices developed by the study site (WAI), e.g. VRIII guidelines and/or 

context-dependent adaptations.  

Outcomes 

Outcome (on the right side of the model) is a broad concept that has consequences for patients, 

professionals and organisations. Outcomes are defined as a state resulting from everyday work 

[28]. The model also highlighted that outcomes could be proximal or distal. Proximal 

outcomes are defined as the direct result of everyday work, while distal outcomes are results 

that emerge over time [28]. Proximal outcomes included preventing errors by not 

administering the intermediate-acting insulin to the patient; achieving target BG within 15 

minutes of administering IV glucose to treat hypoglycaemia in one patient; and not achieving 

a target BG with persistent hyperglycaemia in another patient because of infrequent BG 

monitoring. These proximal outcomes could have affected distal outcomes, but this was not 

observed in this study because of the short observation time. In the above model, the distal 

outcomes were illustrated by a perspective shadow that shows the need for longitudinal future 

research to explore distal outcomes such as patient survival versus mortality; staff burnout; 

system brittleness because of frequent local workarounds; or lessons learned from planned, 

permanent adaptations.   

Outcomes were also divided into successful and unsuccessful. Successful and unsuccessful 

outcomes are subject to various interpretations, acceptance of which based on goals of 

different stakeholders and the contextual factors that affect the outcome. For example, it was 

not possible to perform independent verification before administering VRIII because of the 

lack of healthcare practitioners’ availability. The nurse prioritised conflicting goals to achieve 

a better outcome by administering VRIII before performing the independent verification in 
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order to prevent a delay in controlling the patient’s elevated BG and thus prevent 

complications.  

Feedback loop  

The model depicts a feedback loop, illustrating review work. The hospital Trust employed 

various means to continuously review the delivery of patient care, such as quality 

improvement projects; audits; comments and feedback from healthcare practitioners; and 

incident reports using the local incident reporting system [22]. In CASs, reviewing clinical 

work should include monitoring and investigating everyday work and the resultant outcomes 

by engaging different stakeholders to discuss practical solutions in an attempt to counter the 

misalignment between WAI and WAD and to enhance patient safety [28]. Understanding the 

task type affects the way work is reviewed and how strengthening strategies could be applied. 

Simple − what Johnson et al. call ‘reliable’ – tasks, such as hand hygiene procedures, are best 

investigated by cause-and-effect methods to identify the cause of errors. Standardisation is 

considered a useful tool in monitoring these tasks, entailing the use of protocols, checklists 

and policies that make the procedures easier to carry out correctly [29]. Complicated or 

‘robust’ tasks, such as routine CBG monitoring, need tools such as clinical audits in which 

clinical work is monitored against agreed standards and guidelines to ensure the required 

clinical work is delivered with minimal variation [29]. It is widely accepted that there is no 

point using the above tools in highly complex or unpredictable processes. Dealing with a 

deteriorating patient needs flexible and goal-oriented tools rather than rigid and task-oriented 

ones. Here, tools used to review and monitor care tend to contemplate and explore the 

complexity of everyday tasks and make sense of context in order to support healthcare 

practitioners in dealing with challenges and making decisions in unexpected situations. Such 

tools include VRE [30], Resilience Analysis Grid (RAG) [31] and the Functional Resonance 

Analysis Method (FRAM) [32].  

DISCUSSION  

To our knowledge, this is the first study to operationalise RHC principles in analysing the use 

of VRIIIs by comparing WAI and WAD, identifying misalignments and adaptations used to 
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deliver patient care, and developing an explanatory model to explain the complexity of work 

associated with using VRIIIs in a clinical environment.  

The comparison between WAI and WAD HTAs gave a clear illustration of the complexity of 

using VRIII to treat elevated BG. Several studies have focused on the gap between WAI and 

WAD and shown there to be a remarkable difference between the two [13, 33, 34]. Some of 

the tasks performed by healthcare practitioners in situ and illustrated in the WAD HTA, were 

aligned with the tasks presented in the WAI HTA. This could be due to VRIII guideline 

developers in the study hospital using a variety of resources in addition to the national 

guidelines and audits, for example by consulting the Think Glucose Group (a multidisciplinary 

group of healthcare professionals at the study hospital concerned with inpatient diabetes), an 

inpatient specialist nursing team who have extensive hands-on experience, and junior doctors 

[22]. They also followed up the implementation of the guidelines through the ward managers 

and link nurses, who informed the guidelines developer team about the problems and queries 

faced in frontline care, which were then addressed by the team and shared in question and 

answer form with all healthcare practitioners.  

The RHC concept has often been misinterpreted as maintaining the focus on adaptations and 

giving the impression that adaptations are always opposite to control strategies imposed by 

WAI, and that the two things cannot coexist. However, in this study, the developed model 

showed that the use of VRIII was accomplished by using both standardised practices (WAI) 

and adaptations to ensure delivery of patient care. A recent perspective paper argued that 

standards play a crucial part in ensuring safer and generally better patient care and that 

standards need to be continually adjusted and refined based on how everyday work is actually 

done and by engaging healthcare practitioners who actually provide clinical care and services 

[35].  

In this study, where misalignments between WAI and WAD were identified, the analyses of 

the permanence status of the observed adaptations revealed that very few were intentional 

adaptations that aimed to proactively improve overall patient care and safety. Most of the 

observed adaptations were either permanent, forced adaptations or temporary workarounds 

which healthcare practitioners adopted because no solution was available, the system was 

deficient and the practitioner was in no position to wait for better solutions that might be 
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implemented in the future. These adaptations cannot be expected to have a long-term effect on 

the success of the system and might indeed increase the brittleness of the system. Our results 

are in accord with those of a recent study conducted to explore resilience in the blood 

transfusion process [23]. The study found that forced adaptations and local workarounds can 

be dangerous and result in unsafe work [23]. However, there would be an opportunity to learn 

from them for future local improvement [23]. Healthcare systems are CASs in which repeated 

adaptations and adjustments are routinely made in order to accomplish clinical work [36]. 

Understanding the reality of everyday work is crucial to co-designing the system for better 

patient care [29]. For example, in complex and emergent situations, adaptations are inevitable 

and they demonstrate the difficulties and problems faced by healthcare practitioners and the 

system [23]. It is important to note that understanding the permanence status of adaptations is 

crucial to differentiating between work that has long-term or short-term success. Improvement 

could be achieved, on one hand, by cultivating new skills learned from adaptations that have 

had long-term success and incorporating them into standards and guidelines. On the other 

hand, short-term adaptations could take the form of valuable measures used to identify where 

the system is liable to fail and to proactively prevent failures from happening. 

The model developed in this study highlighted that a starting point to assist in reviewing work 

and implementing effective interventions, is to apply monitoring tools correlated to the type of 

tasks and situations being reviewed. In the present study, it was found that the misalignments 

did not always result from emergent unexpected situations. Some misalignments were 

identified in simple, routine tasks such as following the ANTT technique guidelines, others in 

the performance of more complicated ones such as prescribing medications using the ePMA 

system. Therefore, it is important to understand the type of the tasks undertaken in order to 

identify the most appropriate tools to investigate delivery of better patient care [29].  

Previous studies that focused on studying resilience in healthcare used various methods 

appropriate to reviewing patient care and exploring the complexity of healthcare settings, 

among them FRAM [32, 34], RAG [37] and VRE [38].VRE has evolved into a powerful 

methodology for exploring ordinary everyday work by engaging healthcare practitioners 

themselves to review their work, discuss the factors affecting their performance and suggest 

solutions from their perspective to improve their performance and to enhance patient care 

delivery. Engaging healthcare practitioners to analyse their own work makes observations less 
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biased and more comprehensive. Clinical audits [22, 39] and local incident reports [40] are 

examples of strategies that are usually used to review care and optimise work. Such strategies 

tend to observe the extent to which healthcare practitioners adhere to pre-specified standards 

and evidence-based guidelines. For example, traditional clinical audits tend to identify 

situations where deviation from standards occurs without an intention to promote learning 

from everyday work [23]. A recent study was conducted to explore how VRIIIs were used in 

work using VRE [38]. Unlike traditional audits and investigation tools, the study focused on 

the perspective of healthcare practitioners in the use of VRIII, the challenges faced while 

using VRIII and the factors affecting the adaptations used to counter variability in work 

[38].The use of such tools could encourage healthcare practitioners to more consciously assess 

their everyday work and modify guidelines and protocols accordingly.  

The study site employed various strategies to improve the use of VRIII, e.g. VRIII guidelines; 

policy for prescribing, preparing and administering injectable medicines; clinical audits; and 

feedback [22]. Understanding the type of task will not only influence the tools used to review 

work but can also influence the type of improvement strategies that will be used to improve 

work. Checklists or protocols are used to improve performance of simple/reliable tasks [29]. 

Complicated/robust tasks could be improved by implementing evidence-based guidelines and 

more goal-oriented clinical audits and benchmarking [29]. Goal-oriented audits could 

influence work only if the stakeholders involved agree with benchmarking, agree that the work 

under review is feasible for improvement and agree that the change in work is essential for the 

quality and safety of their patients and work [41]. For complex tasks, a number of safety 

improvement strategies were used, among them simulations [42], the TenC model and 

negotiations [43].  

Limitations of the study  

The present study was limited by its short observational time and small number of 

participants, and was based on data from a single site, which could be viewed as limiting its 

generalisability. However, the use of method triangulation to study WAI, and of mixed 

methods to study WAD, using both VRE and quantitative data, strengthens the credibility of 

the findings. Although the comparison between WAI and WAD and the interpretation of the 

data were conducted by one researcher, the analysis of the data was reviewed by the wider 
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research team, the developed HTAs were confirmed for accuracy by the study participants. 

The raw video data were also reviewed to provide confidence that all findings extracted from 

the comparison were consistent with what was actually observed. 

Research and clinical implications  

This study’s findings make several contributions to the current literature. First, it highlighted 

the alignments and misalignments between WAD and WAI and found a large number of 

detailed sub-tasks and plans presented in the WAD HTA that were not captured by the WAI 

HTA. For example, it was not mentioned in the hospital's documents how to assemble and 

prepare equipment before monitoring patients’ BG and blood ketones at bedside. However, the 

WAD HTA clearly illustrated how this task was accomplished in everyday work. To improve 

system’s performance, there is a need to understand the context before intervening, because 

without understanding how work is actually done, interventions and protocols may mystify 

rather that demystify the work. The findings of this study's comparison could help the study 

site to explore what strategies were used to achieve this alignment, in order to learn from them 

and to more thoroughly understand where, how and why misalignments occurred in everyday 

work, by engaging various stockholders in a genuine learning process, based on a deep 

understanding of WAD, that would result in the identification of practical solutions to enhance 

patient safety.  

Second, the findings explained the importance of understanding the type of task, where a gap 

has been identified in order for healthcare practitioners, guideline developers and safety 

professionals to determine, within a given context, what tools could be used to best monitor 

work and improve clinical performance.  

Thirdly, the researchers were able to identify the outcomes and the permanence status of the 

adaptations required to help to co-create a new description of how clinical work is performed 

using VRIII. This might be achieved not by asking healthcare practitioners to write protocols 

or guidelines, but by engaging different users to understand everyone’s job and to analyse the 

status of the adaptations and the resultant outcomes to determine whether they acted as long-

term successes or short-term workarounds. This engagement can help management as well as 

healthcare practitioners to share learnings from long-term successes and identify indicators for 
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short-term workarounds, in order to proactively prevent their occurrence by providing 

realistic, practical and more sustainable interventions.   

Conclusion  

A model of VRIII use was developed based on the practical findings resulted from comparing 

WAI and WAD. The systematic comparison provided a detailed approach to finding where 

misalignment occurred and the effect of observable adaptations on the subsequent tasks and 

sub-tasks in the process of using VRIII. This study emphasises that everyday work performed 

by healthcare practitioners can sometimes lead to brittleness in some parts of the system while 

strengthening other parts. To enhance the safety of patient care and strengthen the system, 

review work needs to be informed by everyday work and aligned in a way that facilitates safe 

variations. Further research can use the findings of this study as a base to further explore the 

distal outcomes emerging from everyday work and the long-term impact on patients, 

healthcare practitioners and systems. Future studies can build on insights from the current 

developed model to determine what tools could appropriately be used to monitor and improve 

everyday work and patient safety. 
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Supplementary information 

Modelling the use of variable rate intravenous insulin infusions in 

hospitals by comparing Work as Done with Work as Imagined 

Supplementary File 1: Hierarchical task analysis diagrams for Work as 

Imagined in the use of variable rate intravenous insulin 
 

Please see Supplementary File 4 in Chapter 4 pages 106-111. 
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Supplementary File 2: Coding video transcripts 
 

The table below illustrates an excerpt of the main tasks and codes extracted for each task. 

Different colours were used to represent codes related to specific sub-tasks in the developed HTA.  

Red: ‘Prescribe’, Green: ‘Check VRIII/fluids prescription on the EPR’, Blue: ‘Assemble components of VRIII’, Purple: ‘Administer 

insulin/IV fluids’, Orange: ‘Monitor BG, blood ketones, cannula’, Dark red: ‘Train’, Dark blue: ‘Stop VRIII if BG < 4 mmol/L’. 

 
Video 

number 

Task time and 

photo 

Task Transcription Codes 

Video 1M 0.00.19-0.03.32 Double check 

the prescription 

with the doctor 

Nurse S was struggling to find the fluid prescription, so 

decided to speak to the doctor. 

S: I need to speak to the doctor … to prescribe it. 

The nurse went out of the treatment room; the doctor 

was working on his computer in the corridor outside 

the patient’s bay. 

S:  

D: Yah, I am doing it.  

He clicks on the screen. 

D: Is it that one? 40 sodium, 40 ml. 40 ml of sodium. 

S: Yah, it has glucose in it as well. 

S:[Pause] This one. 

D: Glucose? 

S: Yes, it comes all three together. 

D: What is it? 

S: The fluids. Glucose, sodium and potassium. 

D: Right. 

S: Mmm, is it NIL? Wasn’t he yesterday … it comes 

like a package when you put variable rate in the 

prescription, and then you put a variable rate and then 

the fluids come underneath it.  

Double check if there is a 

problem 

 

 

 

 

 

 

 

Prescribe IV fluids 
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The doctor was doing as the nurse told him. Both were 

looking at the screen and the nurse was showing him 

what to click on. 

S: So, that is the standard one [VRIII regimen]. 

D: This is the saline, glucose. 

S: Yah, and then you choose your fluids according to 

the level of potassium. 

She was pointing at the screen, showing the doctor 

which fluid to choose. 

S: So when he checked, he checked results of 

potassium and it was 4. something. 

D: No … no … no, it’s fine. 

Looking at the screen, the doctor asked: 

D: Which fluid is it? 

S: 40 mmol of potassium, 20. 

D: Glucose 4%, NaCl. Is that the one we have? 

S: We have both, yes. 

S: OK, thank you. 

The nurse went back to the treatment room; while she 

was on her way the doctor asked her: 

D: How much you want? 1000? 

S: Yah, 1000 please, 100 mls/hour. 

 

 

 

 

 

 

 

 

 

 

Prescribe IV fluids based 

on K level 

 

 

 0.08.40-0.10.16 Gathering 

equipment 

S removed her gloves and picked out a new pair, 

opened the fridge and took an insulin syringe, closed 

the fridge and locked it. She read what was written on 

the syringe to check it. 

She then put the syringe in the blue preparation tray 

and put the gloves on before collecting the other 

equipment (extendable administration line, IV 

administration set for fluids, drawing up needles, 

syringe for the flush, NaCl ampoule for the flush) from 

Steps to assemble 

equipment 
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the treatment room drawers. She opened five drawers 

before finding what she was looking for. She put all the 

collected equipment in the blue preparation tray and 

brought some chlorhexidine alcohol wipes. 

 0.10.17-0.14.19 Assemble 

equipment 

S removed a syringe from its outer packaging and 

attached it to a needle. She opened an ampoule and 

drew up fluid using the needle, then re-sheathed the 

needle and put it in the blue preparation tray. She put 

the outer packaging in the bin then opened the outer 

packaging of the insulin syringe, throwing it in the 

black bin before writing some information on the 

insulin syringe label. She opened the outer packaging 

of a syringe pump extension set with integral anti-

syphon valve, attaching it to the insulin syringe and 

pressing the plunger of the syringe until a small amount 

of insulin went through to the syringe pump extension 

set. She then attached one end of the syringe pump 

extension set to a Y-connector with dual anti-reflux 

valves, keeping it in its outer packaging. She then took 

off the packaging and placed that too in the black bin. 

Her gloves still on, S returned to her computer and 

checked the EPR for the prescription. 

S: The computer is not working. I can’t really start 

anything. Need to wait. 

She took the gloves off.  

Steps to assemble 

equipment 

 

 0.05.22-0.09.31 Preparing the 

pump 

S entered the patient’s bay; the patient was lying on his 

back.  

She fixed the insulin driver pump under the fluids 

driver on the same stand then moved the stand to the 

patient’s bedside. The patient talked with other patients 

while the nurse fitted the infusion’s plugs into the 

 

 

Preparing insulin/fluids 

pumps 
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sockets behind the patient’s bed, taking a minute and a 

half to do so. 

The patient was coughing. 

S: Coughing, you?  

Patient (P): Yah, yesterday.  

Video 3M 0.00.00-0.00.33 Confirming the 

hypoglycaemia 

treatment plan 

S: Everyone is looking for you. 

K: Oh, I’m busy. 

S: …ME he is … is 3.8 

K: Well, you need to treat that with some IV glucose 

… because you can’t start sliding scale until this should 

corrected. 

S: Is it like a…? 

K: Check his prescribe, it will be the drip mmm 20%. 

While walking to the treatment room, S turned and 

asked: 

S: Over 15 minutes? 

K: Yes. 

 

 

 

Treatment of 

hypoglycaemia  

 

 0.00.34-0.03.47 Assembling 

equipment and 

drugs to treat 

hypoglycaemia 

S entered the treatment room and went to check the 

prescription on the EPR, hovering over the glucose to 

see the instructions. The information showed Glucose 

20% short infusion over 15 minutes via a large vein. S 

took a pair gloves and took out the Glucose 20% from 

the cupboard. She went back to her computer, opened 

the outer packaging of the Glucose, took a blue 

preparation tray then took the glucose meter out of the 

blue preparation tray and put it on the computer trolley. 

Putting the Glucose infusion in the blue preparation 

tray, she put the gloves, then brought an IV 

administration set and opened the outer package. She 

next removed the cap from the cannula end of the IV 

administration set, removed the seal from the glucose 

Steps to treat 

hypoglycaemia 

 

 

 

 

 

Assemble equipment to 

treat hypoglycaemia 
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infusion and connected the giving set to the glucose 

infusion by inserting the spike, then squeezed the drip 

of the giving set until some fluids went in, adjusting the 

flow control on the administration set as the fluid was 

running through the drip.  

She went back to the EPR and checked the patient’s 

medications before going to the cupboard and putting 

all the tablets in a cup and the cup in the blue 

preparation tray.  

She ticked the Glucose 20% on the ‘Medication 

administration’ window, then took the blue preparation 

tray and left the treatment room. 

 

 

Administer other 

medications 

 

 

Documentation the 

antidote administration on 

the EPR 

 

Video 5M 0.00.00-.0.02.20 Disposing waste 

and witnessing 

the order 

S went to the treatment room, disposed of all waste in 

the yellow bin, wiped the blue preparation tray with an 

alcohol wipe, disposed of the gloves in the bin, then 

washed her hands with soap and water. 

She opened the administration window on the EPR and 

ticked both the fluids and insulin. She hovered over the 

fluids and a yellow box appeared. Clicking on the 

yellow box she chose ‘Record details’ and recorded the 

site of injection as ‘left hand’. She then hovered over 

the insulin and when the yellow box appeared again 

chose ‘Record details’. The site of injection had been 

already chosen but the ‘Witnessed by’ field needed to 

be filled out. She went out to ask a nurse to witness but 

the nurse was busy with another patient.  

S:  

K: 

 

 

 

Documentation of insulin/ 

fluids administration and 

witness signing 

 

 0.02.22-0.05.39 VRIII, and IV 

fluids 

administration 

S then entered the patient’s bay. 

S: 2mls per hour. 

P: Oh, wow, I thought you meant by mouth. 

 

Inform the patient with 

treatment regimen 
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S: No… 

P: Yah. 

S set the insulin rate, which was 2mls/hour on the 

insulin pump and the screen showed ‘On hold’. 

She put gloves on and attached the insulin and fluids to 

the patient cannula, setting the fluid rate on the 

infusion device to 100 ml/hr. She adjusted the insulin 

pump and the screen showed ‘Infusing’. She next took 

a tape from her pocket and fixed the Y-connector to the 

patient’s hand. She took her gloves, went out of the 

patient’s bay and washed her hands with soap and 

water. 

 

 

 

Setting insulin rate 

 

Steps to start VRIII and IV 

fluids 

 

 0.05.41-0.08.02 Documentation S opened the EPR and chose ‘PowerNote’. She 

documented the below information at 13:58. 

Patient Information: I care taken at 07:30. 

General Clinical Assessment: Patient alert and 

oriented. Patient NBM from midnight. VRII started at 

14:00 at 2ml/hr. BM 10.1. Previous BM 3.8, Glucose 

20% given as prescribed. 

S signed and then clicked on ‘Lines-Tubes-

Devices’>Peripheral Venous Access. She documented 

that the peripheral IV site on the left hand condition 

was healthy, the VIP score 0, and the peripheral line 

dressing dry, intact and transparent. 

She clicked on ‘Titratable infusions and Pumps’ > 

Titratable Infusions, did not enter anything then 

finished. 

Documentation on the 

PowerPlan after 

administration 

 

Video 6M 0.03.45-0.07.09 Flushing 

cannula 

 After the nurse had applied a dressing to the patient’s 

right foot, he complained of pain at the cannula site.  

S held the insulin and IV fluids infusions, washed her 

hands with soap and water, and brought a flushing fluid 

and some chlorhexidine alcohol wipes from the blue 

preparation tray.  

 

 

 

Dealing with patient's 

complain about cannula 

site (Flushing cannula site) 
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P: That’s come off a bit now. 

S: I have just stopped it, that’s why. 

S: 

P: 

S: Let me try to put a flush through it and tell me if it 

still hurting. 

P: Because it … normally hurt … good. 

S detached the IV administration set from the cannula, 

closed the port and put the set on the patient’s bed. 

While flushing the cannula on his left hand, she asked: 

S: How is that? Is it burning? 

P: No, I can feel it. 

S: Does it hurt? 

P: No 

S: Sting, stinging sensation? 

P: No, no, just cold. 

S: OK, let’s try again, and tell me if it still hurts. 

P: 

S reattached the IV set to the cannula of the left hand 

after finishing the flush. 

S: 

S ran the IV and insulin pumps again. 

S: Let me know if anything changes. 

S returned the chlorhexidine alcohol wipes that had not 

been opened to the blue preparation tray, took the 

waste with her and left the blue preparation tray in the 

patient’s bay. 

S: Let me know … you can put on your call button.  

P: Yah. 
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Video 

number 

Task time 

and photo 

Task Transcription Coding 

Video 1A 0.00.00-

0.02.42 

BG checking Two nursing assistants were in the patient’s bay. The 

patient was sleeping. He was on VRIII 2 units/hr and 

IV fluids infusion (KCL 0.15%, NaCL 0.18%, Glucose 

4%) at a rate of 100ml/hr. 

There was a trolley that had a glucose meter, yellow 

box, and a white box that had cotton wool balls, BG 

reagent strips and lancets. 

Both nurses had their gloves on. N1 dampened a cotton 

wool ball, opened the white box and took a BG reagent 

strip.  

N1: I’m just going to check your BS, is that OK? 

The patient raised his hand in a way that showed he 

was ready to have his BS checked. N1 scanned her ID 

using the glucose meter and did patient identification 

by scanning the wristband.  

She then scanned the BG reagent strip and inserted it 

into the glucose meter. She opened a blood lancet, 

threw the cap in the yellow box and with the wet cotton 

wool ball wiped the puncture site on a finger of the 

patient’s right hand. Another nurse come into the bay 

but left immediately when she realised the camera was 

on. N1 pressed the release button of the lancet and 

squeezed the patient’s finger until a drop of blood 

appeared, then brought the meter with the strip and 

checked the patient’s BG. 

N1: 17.1. 

She threw the strip in the yellow box and said:  

N1: I’ll do another one.  

 

Equipment prepared for 

BG monitoring 

 

 

 

Asking for permission 

from the patient 

 

 

 

Patient identification 

 

Steps to check BG 

 

 

 

 

 

 

 

 

 

Checking ketone level 

 

 

 

 

 



Chapter 6: Modelling the Use of VRIII  

198 

 

She checked the patient wristband again while keeping 

pressure on the patient’s finger. 

N1: Can I have a…? 

The other nurse (N2) handed a strip to N1, who 

scanned the outer packaging of the strip. N1 inserted 

the strip into the meter and again checked the patient’s 

BS. 

N2 handed some tissues to N1, who used one to clean 

the patient’s finger. N1 looked at the meter but did not 

read out the number [I think the reading was the same 

as in the first trial]. Both nurses took off their gloves 

and throw them in the bin. 

N2 was talking to a deputy sister (N3), who was sitting 

on her computer at the entrance of the patient’s bay, 

about the glucose readings: 

N2: 17.1 and 0.3. 

N2 then signed a yellow paper.  

 

 

 

 

 

 

 

 

 

Informing a deputy nurse 

about BG and ketone 

levels 

 

0.02.43-

0.05.29 

Changing the 

rate of VRIII 

The VRIII rate was 2 ml/hr. 

N3: I am gonna to change it, the rate. 

Adjusting the insulin infusion pump, she said: 

N3: Hello Arthur. Your BS is up again. That is after the 

lunch. What did you have for lunch? 

The patient was looking at N3 but didn’t talk. 

N3: So I get to change it again, OK? 

N3: It is fine, nothing to worry about. 

N3 changed the infusion rate to 3 ml/hr. 

N3 then went to her computer and said: 

N3: I am going to change it here (on the EPR). 

She was trying to find where she could change the rate 

from. 

N3: No, this is not the one. 

 

Informing patient about 

VRIII rate change 

 

 

 

 

 

Documentation of rate 

change on EPR 
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She asked another nurse who was standing behind her. 

N3: Would you mind to signing? I changed the rate. 

She was trying to find the proper page. 

N3: Interactive view. 

The other nurse showed her where to click on the 

screen. SN3 right-clicked on the ‘Rate’ box and entered 

‘3ml/hr at 13:35 pm’. 

N4: Then press enter. Then click on the green one. 

A box for entering the name of the witness appeared. 

N3: [the witness name]? 

N4: Yes. 

N3 entered the witness name then N4 put in her 

Millennium password. 

Witness for changing 

VRIII rate 
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Supplementary File 3: Hierarchical task analysis diagrams for Work as Done in the use of variable rate 

intravenous insulin infusions 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 6: Modelling the Use of VRIII  

201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 6: Modelling the Use of VRIII  

202 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 7: General discussion  

203 

 

Chapter 7 

General discussion 

 

Chapter summary: In this chapter the strategies used to ensure methodological rigour are 

presented. The main thesis findings and their contribution to research and clinical practice are 

discussed. Finally, future research to improve VRIII safety is proposed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 7 

General discussion of methodological rigour, key findings, research 

contribution and future research  
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7.1 Introduction  

The use of VRIII is clinically complex, multifaceted and multidimensional. It encompasses 

numerous factors, e.g. comorbidities, co-administration of other medications, BG monitoring 

frequency and lack of clinical knowledge regarding the use of VRIII – all of which constantly 

interact in ways that are often unpredictable [1]. Errors during the prescription, preparation 

and administration of VRIIIs are common and are associated with significant risk and could be 

lethal [2].  

The importance of improving the quality and safety of diabetes care and insulin use in 

hospitals has been placed as a national priority [3]. This research is particularly timely in light 

of the findings of the NaDIA national report (2020) which found that 30% of inpatients with 

diabetes across England experienced insulin-related medication error during their hospital stay 

[4]. The importance of this research is further illuminated by the national patient safety 

syllabus 1.0 which recognises the importance of thinking differently about patient safety by 

incorporating proactive system approaches to identify and prevent harm before occurrence [5]. 

This thesis explored the complexity in the use of VRIII by incorporating a key RHC construct 

which focuses on proactively identifying the gap between WAI and WAD, and incorporates 

recommendations for how they may be realigned.  

In this chapter, I will present how methodological rigour was maintained throughout the 

research process (section 7.2). The key findings and unique contributions of the thesis are 

discussed in section 7.3. Finally, section 7.4 presents suggestions for future research in areas 

of RHC and VRIII safety.  

7.2 Methodological rigour 

Quantitative research uses specific criteria to assess rigour, such as reliability, objectivity and 

internal and external validity [6]. These criteria are not appropriate for assessing the quality of 

qualitative research. To assess the quality and trustworthiness of qualitative research, Lincoln 

and Guba (1985) suggested criteria such as credibility, dependability, confirmability and 

transferability [7]. The following sections discuss how quality and trustworthiness were 
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maintained throughout the present research by using the Lincoln and Guba (1985) criteria 

along with an additional criterion: reflexivity. 

7.2.1 Credibility  

Credibility is concerned with establishing confidence that the research results are true, 

believable, extracted from the participants’ original data and truly representative of the 

participants’ perspectives [8]. Various strategies are suggested to ensure credibility in 

qualitative research, including triangulation, persistent observation, prolonged engagement 

and member checking [8, 9].  

Triangulation 

Triangulation is the process of using multiple approaches to understand a given phenomenon, 

an example being methodological, theoretical and data-source triangulation [10, 11]. 

Methodological triangulation was addressed in this study by taking a mixed-methods approach 

to understanding WAD, as described in detail in Chapters 5 and 6. Theoretical triangulation 

was represented in this research by combining RHC theoretical constructs with VRE 

theoretical principles to understand WAD in the use of VRIII (Chapter 5). Lastly, numerous 

data sources were used, among them focus groups, hospital documents, video observations, 

field notes and patient medical records (Chapters 4, 5 and 6). Data source triangulation was 

also obtained by including participants’ accounts presented in the reflexive meetings (Chapter 

5) to inform the researcher’s understanding of the use of VRIII. 

Prolonged engagement and persistent observation 

The purpose of investing sufficient time with participants in the field is to become acquainted 

with the context, to build trust with the participants, to identify relevant elements on which to 

focus while conducting the research and to generate an authentic picture of the study setting 

[10, 12]. The researcher had a continuing engagement with the Unit’s clinical and managerial 

leads as well as the healthcare practitioners, over a period of two years. She joined several 

meetings in order to meet as many healthcare practitioners as possible. The researcher also 

familiarised herself with the healthcare environment by using data from focus groups 
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conducted with participants working in the unit, which provided insights and helped identify 

areas of work using VRIII on which to focus during the video observation stage. Chapters 4, 5 

and 6 illustrated how this prolonged engagement and persistent observation were applied. 

Member checking 

According to Schein (1987), member checking relates to the researcher’s aim of gathering 

feedback from participants on the researcher’s interpretation of the data obtained from them 

[13]. In this study, member checking was conducted by asking three healthcare practitioners 

from the study hospital to establish the fit between the participants’ views and the researchers’ 

interpretation of the final HTA diagrams that represent both WAI and WAD. The developed 

model for the use of VRIII was also discussed with one of the Medicines Safety team in the 

study hospital to evaluate its applicability. 

7.2.2 Transferability  

Transferability describes the degree to which research findings are applicable in other contexts 

and settings [7]. To ensure transferability, a detailed description of the participants, the study 

setting, and the research process need to be provided, in order to enable the reader to assess if 

the research could be transferable to their own work [10]. Transferability was made possible in 

this research by developing a comprehensive research protocol (Chapter 3) which provided a 

detailed description of the study’s setting (itself described in Chapter 1), sampling strategy, 

recruitment, eligibility criteria, focus groups and reflexive meeting discussion guides, and 

ethical considerations. Further details on the participants’ invitation letters, participants’ 

information sheets and consent forms used during the research, are presented in Appendices 

A, B and C at the end of this thesis. Detailed descriptions of the data analysis, the codes and 

themes developed for interpreting focus groups, the reflexive meetings, and the vignettes from 

video transcripts, were used to illustrate key findings for this study and also served as support 

for the results of the study (see Appendices and Additional Files to Chapters 4, 5 and 6). 
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7.2.3 Dependability and confirmability 

Dependability includes ensuring that results are repeatable and the analysis process is based on 

accepted standards [7] and focuses mainly on consistency [10]. Confirmability focuses on 

neutrality and implies that the findings should be based on the study data rather than on 

researchers’ own views or preferences [10]. One strategy to ensure dependability and 

confirmability is known as audit trail [7, 9]. Audit trail focuses on transparently presenting all 

research steps from the start of the research design development until the interpretation of data 

and results [14]. This strategy allows other researchers to assess replicability by following the 

trail and comparing it with their own interpretation, in order to ensure that the findings are 

clearly derived from the data and not from the researcher’s preconceived ideas [9, 10]. In this 

research, steps were taken to keep a record of the data-collection process, which was 

continually discussed with the research team in order to ensure it adhered to the study 

protocol. The research team (MI, RL and KR) independently reviewed and coded the focus 

group transcripts, and (MI and RL) also independently coded a sample of the video reflexive 

meetings. The developed codes and themes were discussed with the wider research team (MI, 

RL, CC, FG, RI) and the detailed coding and analysis of the transcripts were submitted with 

the published studies and were reviewed by external reviewers from the publishing journals.  

7.2.4 Reflexivity 

Reflexivity is the process of critically and sensitively acknowledging the researcher’s prior 

assumptions and experience in shaping the data collection, analysis and interpretation [9, 15]. 

Reflexivity is a key factor in developing knowledge in qualitative research in general and in 

ethnography and VRE in particular [9, 16]. Iedema et al. suggested that researcher reflexivity 

is critical to underpinning attempts to enhance safety using VRE, as the researcher’s position 

will inevitably have a fundamental contribution to the outcomes achieved [16]. The researcher 

embraced reflexivity by acknowledging her background in diabetes management and 

qualitative research (Chapters 4, 5 and 6), her previous experience, and personal views that 

emerged during the research period while compiling reflexive notes for focus group and 

reflexive meeting discussions and video observations (Chapter 5). 
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7.3 Main findings and thesis contribution 

7.3.1 Main research findings 

The chief findings of this thesis are summarised under four main themes: 1. the use of VRIII is 

far more complex than providing national guidance (Chapter 4); 2. the use of VRIII: 

standardised practices and context-dependent adaptations (Chapter 5); 3. lack of clinical 

knowledge as the main challenge, and continuous training as a main strategy for overcoming 

this challenge (Chapters 4 and 5); and 4. model development of VRIII use (Chapter 6). Table 

7.1 gives an overview of the main findings under each theme.  

Table 7.1: Summary of the main research findings. 

1. The use of VRIII is far more 

complex than providing 

national guidance 

 

Producing hospital-specific guidelines was an iterative 

process in which different stakeholders/users were 

engaged to ensure guidelines were relevant to their local 

hospital. 

 

The guidelines were written in a technical way that not 

every healthcare practitioner could understand unless they 

were very experienced in hospital work generally and 

insulin use specifically.  

 

The study site used a multi-pronged approach to ensure 

the implementation of the VRIII guidelines using various 

strategies, e.g. ensuring the availability and accessibility 

of the guidelines on the hospital intranet, using clinical 

audits, feedback and continuous training. 

 

2. The use of VRIII: 

standardised practices and 

context-dependent 
adaptations 

 

Context-dependent adaptations (administering 20% IV 

glucose and then checking if it was prescribed to prevent 

a delay in treating hypoglycaemia) and standardised 

improvements developed by the hospital (e.g. availability 

of VRIII guidelines) were the most described and 

observed strategies employed while using VRIII.  

 

3. Lack of clinical knowledge as 

the main challenge, and 

continuous training as a main 

strategy for overcoming this 

challenge 

 

The use of VRE methodology was a useful approach that 

helped healthcare practitioners discuss their work and its 

challenges and reach solutions tailored to their work. 

 

The most common challenges were mainly related to lack 

of clinical knowledge in relation to prescribing the 

appropriate IV fluid, discontinuing other diabetes 

medicines and treating hypoglycaemia. 
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Training junior doctors in how to prescribe using the 

PowerPlan, ward-based training (10-minute espresso 

teaching) and e-learning courses, were approaches used 

by the hospital to facilitate the use of VRIII. However, 

more VRIII- focused and face-to-face training was 

suggested to overcome the challenges healthcare 

practitioners face. 

 

4. Model development for VRIII 

use 

 

The comparison between WAI HTA and WAD HTA 

resulted in the development of a model of VRIII use. The 

model showed that standardisation (WAI) and flexibility 

(context-dependent adaptations) must complement each 

other to ensure the delivery of better patient care while 

using VRIII.  

 

The model highlighted two key points: 1) The 

permanence status of adaptations is crucial to 

differentiating between work that has long-term or short-

term success. 2) A starting point to assist in reviewing 

work and effectively implement interventions is to apply 

monitoring tools correlated to the type of tasks and 

situations being reviewed. 

7.3.2 Contribution of knowledge and recommendations 

Despite increased efforts and technological improvements to increase patient safety when 

treating elevated BG using VRIII, evidence indicates that widespread improvements have not 

occurred. A possible explanation is that this may be due to a mismatch between the 

approaches and interventions employed, and the real nature of the system to which they are 

applied. The challenge is therefore how to successfully shift the focus from process-oriented, 

technical solutions towards greater understanding of the system, its complex adaptive nature, 

and the crucial role of healthcare practitioners in ensuring the successful delivery of patient 

care under a wide range of circumstances. The contribution of this thesis to research and 

clinical work, as well as some general recommendations for improving the use of VRIII in a 

clinical environment, are presented in the following sections. 

7.3.2.1 Contribution to research 

The findings presented in Chapters 4, 5 and 6 make several contributions to the current 

literature, of which three are of particular significance and are therefore described here.  
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The novel use of HTA to systematically represent WAI and WAD  

The complexity in medicine is context-dependent [17] and needs to be functionally 

decomposed into tasks in a way that is comprehensible to researchers and all stakeholders in a 

system [18]. The first contribution is the use of HTA, for the first time, to provide a 

comprehensive view of treating elevated BG using VRIII by providing a detailed description 

of how work should be done (Chapter 4) and how work was in fact done in situ (Chapter 6). 

The task decomposition resulting from the WAI and WAD HTAs, supported by the video 

reflexive meeting results presented in Chapter 5, was also used as a cornerstone to model the 

use of VRIII. 

HTA has a solid tradition in healthcare research studies. Yu et al. (2014) used HTA to 

describe surgical procedures in detail and to identify variations among techniques used by 

surgeons [19]. Razak et al. (2019) conducted a study in a UK-based hospital that used HTA to 

compare WAI and WAD in the Emergency Department in response to Chemical, Biological, 

Radiological, and Nuclear events [20]. Ashour et al. (2021) used HTA as a framework for 

exploring the gap between how dispensing medication in community pharmacy settings was 

imagined to be accomplished and how it was actually done in practice [21]. Although, the use 

of HTA in these earlier studies decomposed tasks at more detailed structural levels, it did not 

show the interactions within and across different levels [22, 23]. In contrast, Patriarca et al. 

(2018) used HTA to support modelling of WAI activities, which supported the subsequent 

FRAM modelling used to analyse complexity in the neurosurgery peri‑operative patient’s 

pathway [23].  

In this thesis, the developed HTAs facilitated the comparison of WAI with WAD in a 

systematic, unified and more practical way which enhanced the identification of alignments 

and misalignments in task performance. The developed HTAs facilitated task visualisation for 

both WAI and WAD which could act as artefacts to facilitate understanding how several plans 

were used to achieve the overall goal. This visualisation may also be useful for enhancing 

system (re-)design and usability of electronic systems. This could be achieved by explicitly 

representing how the system is functioning while using VRIII in relation to the users, 

specifying the tasks required, their sequence and their allocation [24].   



Chapter 7: General discussion  

211 

 

The innovative use of VRE to explore the use of VRIII 

A second contribution is Chapter 5’s innovative use of VRE to explore WAD in the use of 

VRIII. Although there is clear understanding of the key principles that guide VRE [16], there 

is a need for understanding the feasibility of VRE’s successful delivery in a clinical context 

specific to VRIII. In Chapter 5, the findings indicated that it was feasible in terms of 

recruitment strategy, data-collection procedure, and participants acceptability, to use the VRE 

to explore the use of VRIII in the Vascular Surgery Unit. VRE has been more commonly used 

in research, and has a track record of delivering practical changes and improvements in 

healthcare [25]. Challenges faced during the recruitment and data-collection stages echoed 

previously reported challenges using VRE, such as awareness of the camera’s presence 

potentially affecting healthcare practitioners’ performance, concerns about patient privacy and 

confidentiality, and the difficulty of arranging for all the healthcare practitioners who appeared 

in the video recording to participate in the same reflexive meeting [25-27].  

The successful use of VRE methodology to understand WAD was contingent on adapting the 

delivery of this method to the local context. In keeping with the RHC complementary 

perspective of learning from incidents as well as understanding how everyday clinical work is 

performed successfully [25], the use of VRE methodology did not ignore the negative 

organisational aspects. Rather, it represented an alteration of the researcher’s emphasis, from 

taking what went wrong as the starting point to learning lessons from ordinary work that was, 

most of the time, accomplished well [31].  

Several studies used RHC principles to identify quality improvement interventions in 

emergency departments [28], to examine the nature of adaptations throughout the blood 

transfusion process [29], and to explore sources of performance variability for intravenous 

infusion administration [30]. The methods used in these studies to explore WAD were mainly 

based on field observations and interviews [28-30]. These methods do not give a complete and 

visual picture of work and do not allow for data validation from the perspective of the 

participants [31]. In contrast, the novelty of using VRE resides in the ‘nothing about us 

without us’ element [32], meaning the examination of WAD was not based solely on the 

researchers’ analysis of the video data but included a fundamental contribution to the analysis 
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of their work by the healthcare practitioners who were recorded. The approach employed in 

this thesis to explore the use of VRIII in everyday work might well be one of the first attempts 

to thoroughly examine WAD in other clinical areas.  

A model of VRIII use 

Turning to the third main contribution of this thesis to the literature, the comparison between 

WAI and WAD assisted in developing a model of VRIII use (see Figure 3, Chapter 6). The 

model provided in-depth understanding of the RHC concept through context-based 

clarifications and additions relating to the use of VRIII and elaborated insights relating to 

improvements and interventions. Based on the results illustrated in the developed model, the 

researcher used the term ‘tempering-fortification’ to describe and discuss the model.  

‘Tempering’ is a term used in various fields, e.g. iron-based alloys and chocolate manufacture, 

to describe processes that are used to enhance resilience through hardship [33]. In this clinical 

context of using VRIII, the term is intended to represent the strategies used by healthcare 

practitioners and systems to deal with expected and unexpected situations. This can be seen in 

most of the observed context-dependent adaptations, e.g. when one nurse did not administer 

the intermediate acting insulin to the patient even though it had not been suspended by the 

SpR on the electronic prescribing system. Tempering strategies tend to produce immediate 

strength by realigning skills and abilities and get work done. However, some tempering could 

produce unsafe work that simultaneously makes the system brittle and more liable to failure. 

In accordance with these results, previous studies have shown that when adaptations are used 

there is a possibility of having positive consequences, e.g. solving problems and preventing 

harm [29, 34, 35], as well as negative ones, e.g. practitioners asking colleagues to access 

health information exchange systems, resulting in many clinical decisions being based on 

incomplete information [36, 37]. 

‘Fortification’ is also a term used in other fields, e.g. the military [38], neurobiology and 

psychology [33], and is employed in this study because it explains the other type of strategies 

that were observed to enhance the delivery of patient care. Fortification strategies are those 

used to make work stronger, protect against potential or actual risks and in this case counter 

the brittleness that may be produced by tempering [33]. Such strategies included proactive, 
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planned adaptations, i.e. administering the antidote before checking the prescription to prevent 

delay in treating hypoglycaemia and the use of ready-to-administer insulin syringes, which 

improved the work of using VRIII and enhanced patient safety by decreasing both the error 

rate and the time needed for accomplishing tasks. This suggests that fortifications can be 

mobile and dynamic rather than following the traditional idea of a defensive wall that is static.  

Compared to previously developed resilient models in healthcare systems [29, 39], the one 

described in this thesis represents a reconceptualisation of the RHC concept, which had mainly 

focused on the ability of the system to adapt to and sustain required operations under both 

expected and unexpected conditions. The RHC concept has often been misconstrued, as 

adaptations have been regarded as being opposite to control, the implication being that the two 

cannot coexist [40]. The reconceptualisation of RHC based on the results of this thesis, 

focuses on using ‘tempering-fortification’, a term combining what are in my opinion the two 

principal strategies used to strengthen systems and enhance their resilience and safety.  

7.3.2.2 Recommendations to clinical work  

In this section, three specific areas were identified and recommendations made that could 

contribute to better patient care while using VRIII. The three identified areas are top-down and 

bottom-up approach to embrace complexity; RHC and adaptive capacity; and combining 

process-oriented with goal-oriented strategies. These recommendations were shared with the 

guideline developers’ team at the hospital Trust in their annual meeting to update the 

guidelines. 

Top-down and bottom-up approach to embrace complexity 

The hospital Trust used various resources and approaches to produce and implement VRIII 

guidelines and ensure their proper use. However, the use of VRIII is not only about 

implementing guidelines but also about how work is accomplished in situ and 

whether healthcare practitioners actually use the guidelines. Key issues therefore needed to be 

considered when developing the guidelines in the study hospital, such as who they are 

intended for, whether they would actually be used, and how they should be designed and 
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delivered to ensure their information would make sense to users in relation to the work they 

have to do.  

A recent study compared the effectiveness of the current NHS Injectable Medicines Guide 

(IMG) with that of an IMG version revised in light of user-testing [41]. A single-blind, 

randomised parallel group in situ simulation experiment with nurses and midwives who 

prepare and administer intravenous infusions was conducted. The study found that, although 

there was no significant difference in moderate-severe IMG-related errors between the user-

tested guidelines compared with current guidelines (risk ratio: 0.82; 95% CI 0.66 to 1.02), 

there were significantly more simulations completed without any IMG-related errors with the 

user-tested guidelines compared with current guidelines (risk ratio: 2.46; 95% CI 1.68 to3.60). 

The use of user-tested guidelines resulted in more confidence in preparing and administering 

IV infusions among nurses [41]. Although the study site engaged a range of users (consultants, 

junior doctors, pharmacists and inpatient adult specialist nursing team) and used emails to get 

users’ feedback on the new guidelines and to share them, and answer any queries arising from 

them, with other users, this process could be enhanced. Based on findings in Chapters 5 and 6 

of this thesis, the actual healthcare practitioners present while VRIIIs were being used were 

registrars, junior doctors, registered nurses and NAs. These healthcare practitioners were busy 

most of the time and sending emails to get their feedback or questions about the new 

guidelines might not prove efficient, given that healthcare practitioners may be unable to 

respond promptly because of their workload. I would suggest that the guideline developer 

team conduct group discussions with healthcare practitioners (especially registrars, junior 

doctors, registered nurses and NAs), in different units, to help revise the VRIII guidelines and 

to carefully consider their feedback about retrieving and understanding the relevant 

information in order to ensure the guidelines produced are both locally derived and practical. 

Implementation strategies used at the hospital Trust must be adapted to the clinical context and 

be more contemplative and reflective if their success and sustainability are to be guaranteed. 

This could be achievable by having a double-loop learning and feedback process [42, 43] 

rather than only single-loop learning. Engaging different users to understand everyone’s job 

would help in co-creating new descriptions of how work is performed using VRIII rather than 

focusing on specific cases (errors, incidents), which would in turn help to bring learning to a 
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higher level. Multidisciplinary participation with ‘the whole system in the room’ (a concept 

from ‘appreciative inquiry’ [44]), is important to understanding how work is actually done, 

gathering information and experiences from various perspectives, and creating agreement on 

the feasibility of change.  

In the hospital studied in this thesis, training was one of the strategies used to implement the 

guidelines. Most of the training, for example e-learning, 10-minute espresso sessions, posters 

and handbooks, focused on diabetes treatment in general, not VRIII and the basic needs of 

healthcare practitioners. Therefore, it is imperative that healthcare practitioners themselves 

define the scope of their work with the clarity needed for harmonised, tailored training and 

development plans [45]. Understanding WAD and the needs of healthcare practitioners may 

ease the demand on system resources as well as satisfying healthcare practitioners’ needs.  

Lastly, reflecting on my perspective as a clinical pharmacist with experience in diabetes 

management in hospitals, a recommendation about the VRIII guidelines’ wording and 

presentation was also suggested. I suggest providing a concise definition of Tailored Regimen, 

and highlighting that the Tailored Regimen could be used if the patient is on Standard or 

Increased Regimen and failing to achieve the target CBG range. I further suggest adding a 

definition to the table, showing the rate of VRIII based on BG readings, to flag that Tailored 

Regimen should be used if BG is persistently low on Reduced Regimen or persistently high on 

Increased Regimen. 

RHC and adaptive capacity 

Evidence strongly suggests the necessity of understanding and increasing the adaptive 

capacity to respond, anticipate, monitor and learn to develop a bank of knowledge about the 

use and effectiveness of adaptations [28, 36, 46]. In this research, knowledge about how 

adaptation was developed, and its effectiveness in the context of using VRIII, was explored. 

The comparison between WAI and WAD directed my attention to two key findings that 

warrant consideration: the permanence status of the adaptations and the resultant outcomes. 

Planned, permanent adaptations were used by healthcare practitioners to ensure patient safety 

and improve the delivery of patient care. The hospital Trust can assimilate this type of 

adaptation and, without considering it a deviation from standard practice, use it to redesign the 
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guidelines. Forced, permanent and temporary adaptations were used by healthcare 

practitioners because no solution was available. The hospital Trust needs to investigate both 

proximal and distal outcomes emerging from these types of adaptations, which cannot be 

expected to have a long-term (distal) effect on the success of the system, and indeed might 

increase its brittleness. Monitoring CBG every hour proved hard to achieve given the 

increased workload and shortage of nurses. One suggestion could be around providing clearer 

guidance on an acceptable window for BG monitoring frequency based on the patient’s case 

and the stability of their BG readings. For example, monitor BG every hour; if four 

consecutive readings are within the target range, then reduce the frequency of monitoring to 

two-hourly and return to hourly monitoring if BG moves outside the target range [47].  

Combining process-oriented with goal-oriented strategies  

A starting point to assist in reviewing work and effectively implement interventions, is to 

apply monitoring tools correlated to the types of tasks and situations being reviewed [48]. The 

hospital Trust used various methods to review clinical work, e.g. quality improvement (QI) 

projects, clinical audits, feedback and incident reports. These methods are useful for simple 

e.g. performing hand hygiene and complicated tasks e.g. prescribing IV fluids with VRIII in 

which the goal is more process-oriented. Given the complexity that was found in the use of 

VRIII and how unpredictable situations emerged, it is imperative to think about adding goal-

oriented methods focusing on functions and variability, e.g. FRAM [49], and engaging 

healthcare practitioners to explore the taken-for-granted work, e.g. VRE [50], in order to 

understand and investigate complexity in everyday work. Translating these methods into 

healthcare is difficult to achieve with the resources currently available. The NHS needs a clear 

shift in its safety strategy towards embedding safety professionals who are aware of the depth 

and breadth of these methods and are able to act as part of a healthcare system in which they 

are able to learn from adaptations and adjustments, suggest more context-related solutions and 

interventions, and engage in system design which will in turn help in realigning WAI and 

WAD and decreasing the gap between the two [51, 52].  
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7.4 Future work  

The work described in this thesis is the first to use RHC principles as a basis for developing a 

model of VRIII use in adult hospitalised patients. However, further research should be carried 

out to provide better understanding of the human aspects in relation to the use of VRIII. This 

would include the role of patients and their families in the delivery of patient care, the 

communication between different stakeholders and the importance of people’s perspectives 

involved in, and empowered to maintain, safe delivery of patient care using VRIII. Further 

research also needs to focus on representing a wider picture of how VRIII is used in situ and 

what strategies are needed to enhance the safe delivery of patient care. Finally, VRE has an 

interpretive as well as transformative nature in which it can simultaneously act as 

methodology and intervention [32, 53]. While it was not within the scope of this thesis to 

investigate the effect of using VRE as an intervention to change work, it is foundational for 

future research to go beyond simply using VRE and progress to understanding complexity, in 

order to explore how VRE could collaboratively empower healthcare practitioners to improve 

their work. Below I will discuss further some specific suggestions for future research. In this 

thesis various ways of ensuring the rigour and diversity of data sources have been used. 

However, ensuring diversity of perspective may also benefit from patient and family 

involvement [54, 55]. A previous study highlighted the importance of engaging cardiology 

patients with their discharge medications process in order to identify system vulnerabilities 

and develop self-management strategies for reducing the risk of medication errors [56]. 

Another study that engaged patients and family members found that this engagement served as 

an active agent in decision-making and knowledge-sharing activities in the discharge process 

[57]. Thus, further research is vital to investigate how the active involvement of patients and 

families in the study of everyday work may affect our understanding of RHC while using 

VRIII.  

Patient and Public Involvement (PPI) is considered best practice and is required when changes 

to everyday work are proposed [58]. Healthcare practitioners were engaged in deciding how 

best to video-record themselves and the patients, but patients and/or their carer were not 

included in the early stages of the design or the research conduct because the focus was on 

understanding how the tasks related to VRIII use were delivered by healthcare practitioners. 
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INVOLVE is an NHS National Institute for Health Research advisory group that distinguishes 

between the roles that public and patients can have in health and social care research [59]. 

Previous studies highlighted the value of involving patients at various stages of research 

design and conduct [60, 61]. For example, Furniss et al. (2016) showed that PPI had a great 

impact by providing feedback on the patient information sheets, thereby improving the clarity 

of these, and by enabling PPI to share experiences about their medications which helped 

extend the focus of the study to include other factors that might affect the quality and safety of 

intravenous medication safety research [60]. Another study highlighted the value of extending 

the PPI involvement beyond agenda setting and protocol development into greater 

involvement in data collection by helping researchers in conducting observations which added 

new perspectives to the data collected and the consequent findings [61]. Future work can focus 

on encouraging patients, carers or patients’ representatives with experience of using VRIIIs in 

hospitals to share their experiences about their treatment, a step that could extend the research 

focus to include other factors relating to the safety of using VRIIIs. PPI could be introduced 

into future work by the participation of patients and public in the early stages of designing and 

shaping the research, e.g. soliciting their advice on how VRE methodology should be 

conducted, reviewing patient information sheets, gathering data and views about WAI and 

WAD from the patient perspective, and informing the analysis of video reflexive meetings by 

allowing these stakeholders to engage with healthcare practitioners in analysing everyday 

work.  

In this thesis, the research was conducted in one unit in the hospital (the Vascular Surgery 

Unit) where VRIII was used on a daily basis; however, there were other units in the hospital 

that used VRIII. Furthermore, this thesis explored one snapshot in time with respect to the use 

of VRIII in everyday clinical work which was limited to 13 hours of video recordings made 

during the daytime, which meant not all tasks performed were captured. It also limited the 

focus on capturing work during the daytime, which might be different from work at night with 

different healthcare practitioners and workload. However, it is important to note that the 

researcher spent 15 hours of informal observations familiarising herself with the study setting, 

time she used in a reflexive way to decide how the data would be interpreted. 
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Thus, there is room for further progress by: 1) Replicating the methods used to explore WAD 

across many units in the study site and across different hospitals, thus providing a more 

comprehensive insight into how work is accomplished while using VRIII to better inform 

policy makers and clinical work. 2) Validating the model of VRIII use as a framework to help 

healthcare practitioners cope with everyday complex work while using VRIII across different 

units and hospitals. 3) Conducting multiple or repeated VRE ‘cycles’ with participants to track 

changes in practice over time [62, 63]. This would help in investigating how VRIII is used in 

as many situations as possible − pre-operation, post-operation, conscious/unconscious patient, 

and complicated cases (e.g., diabetic ketoacidosis), − and to understand the types of 

adaptations and outcomes resulting from them. 4) Conducting longitudinal research to provide 

insights into how healthcare practitioners adapt and respond to challenges over time and to 

understand the long-term outcomes (distal) of their adaptive work. Moreover, longitudinal 

work would allow additional exploration of how macro-, meso- and micro-systems interrelate 

with different tasks required while using VRIII.  

Finally, given the early stage of development of RHC, recent evidence suggests combining 

detailed empirical research in diverse healthcare settings in one country with cross-country 

comparison of resilient capacities elsewhere, as a basis for improving safety and quality in 

healthcare [64, 65]. Additional comparative studies across the UK and other countries are 

warranted to develop a full picture of resilience in the use of VRIII by exploring teamwork, 

organisational factors and each country’s healthcare policy and regulatory system, including 

how these factors might affect adaptive capacity at different systems’ levels [65]. This 

comprehensive understanding at different system’s level is important to capture and support 

resilience and adaptations across entire healthcare systems and subsequently, inform the 

development of interventions to improve the safety and quality of patient care while using 

VRIII. 
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Phase I: Participant invitation letter for focus group 2 (managers) 
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Phase I: Participant invitation letter for focus group 3 (healthcare 

practitioners) 
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Phase II: Participant invitation letter (healthcare practitioners) 
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Phase II: Participant invitation letter (patients) 
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Appendix B 

Participant information sheets 

Phase I: Participant information sheet 
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Phase II: Participant information sheet (healthcare practitioners) 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

236 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

237 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

238 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

239 

 

Phase II: Participant information sheet (patients) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

240 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

241 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

242 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

243 

 

Appendix C 

 Consent forms 

Phase I: Consent form 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

244 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Appendices 

245 

 

Phase II: Consent form (healthcare practitioners) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

246 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

247 

 

Phase II: Consent form (patients) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

248 

 

 

 

 

 




