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Abstract
Background
Objective(s)
To determine the effect of hospital organisation, surgical factors, and the enhanced recovery after surgery (ERAS) pathway on patient outcomes and NHS costs of hip/knee replacement.
Design
(1) Statistical analysis of national linked data to explore geographical variations in patient outcomes of surgery. (2) A natural experimental study to determine clinical effectiveness of ERAS. (3) A qualitative study to identify barriers and facilitators to change. (4) Health economics analysis to establish NHS costs and cost-effectiveness.
Setting
Data was used from the National Joint Registry (NJR), linked to English Hospital Episode Statistics (HES) and Patient reported Outcome Measures (PROMs) datasets in both the geographical variation and natural experiment studies, together with the economic evaluation.
The ethnographic study took place in four hospitals in a region of England.
Participants
Qualitative study: 38 health professionals working in hip/knee replacement services in secondary care. 37 patients receiving hip/ or knee replacement.
Interventions
Natural experiment – Implementation of ERAS at each hospital between 2009 to 2011.
ERAS is a complex intervention that focuses focusing on several areas of patients’ care across patients’ pathways through surgery: pre-operatively (patient in best possible condition for surgery); peri-operatively (patient has best possible management during and after operation); post-operatively (patient experiences best rehabilitation).
Main outcome measures
[bookmark: _Toc308300683][bookmark: _Toc311366490]Patient reported pain and function (Oxford hip/ and knee scores); 6-month complications (6-months after surgery); length of stay (LOS); bed day costs; revision surgery within 5-years.
Results
Geographical study – There is potentially unwarranted variations in patient outcomes of hip/ and knee replacement surgery. This variation cannot be explained by differences in patients case-mix, surgical, or hospital organisational factors.
Qualitative – Successful implementation depends on empowering patients to work towards their recovery, providing post-discharge support and promoting successful multi-disciplinary team working. Care processes were negotiated between patients and healthcare professionals. ‘Good care’ remains an aspiration, particularly in the post-discharge period.
Natural experiment – Length of stayLOS has declined substantially, pain and function have improved, revision rates are in decline and complication rates remain stable. The introduction of a national ERAS programme maintained improvement but did not alter the rate of change already underway.
Health economics – Costs are high in the year of the joint replacement and remain higher in the subsequent year relative to the year beforeafter surgery. There is a strong economic incentive to identify ways of reducing revisions and complications following joint replacement. Published cost-effectiveness evidence supports enhanced recovery pathways as a whole.

Limitations
Short duration of follow-up data prior to ERAS implementation, and missing data, particularly for hospital organisation factors.
Conclusion
No evidence was found to show that ERAS had substantially impacted on longer term downward trends in costs and LOS. Trends of improving outcomes were seen across all age groups, and in those with and without co-morbidity, and had begun prior to the introduction of the formal ERAS role out. Reductions in LOS have been achieved without adversely impacting on patient outcomes. Yet there still remains substantial variation in outcomes between hospital trusts.
Future work
There is still work to be done to reduce and understand unwarranted variations in outcome between individual hospitals.
Funding details
NIHR HS&DR Project 14/46/02
Word count: 496486
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Glossary
American Society of Anesthesiologists (ASA) grade: A measure of a persons overall health, rather than a fitness for anaesthesia. 

Charlson Comorbity Index: An index of diseases which predicts 10-year mortality for a patient with comorbid conditions.

Clinical Commissioning Group: A NHS organisation which organises the delivery of NHS services in England.

EuroQol EQ-5D: A standardised instrument for measuring generic health status.

Health-related quality of life (HRQOL): A standardised instrument for measuring perceived physical and mental health over time.

Normalisation Process Theory: A method to look at how the collective actions of agents drive the implementation of a new service.

[bookmark: _Toc308300688][bookmark: _Toc311366495][bookmark: _Toc15393215]
Scientific summary
[bookmark: _Toc308300689][bookmark: _Toc311366496][bookmark: _Toc15393216]Background
In England and Wales, there are around 200,000 hip (THR) and knee (TKR) joint replacement operations each year, and this number is expected to increase due to an increasingly obese and elderly population. 

Although the founding principles of the NHS is that it is free to all at the point of use, and based on clinical need and not ability to pay, inequities in access to healthcare have been widely described across a range of medical conditions. There is known discrepancy in access to common surgical procedures and this has been widely disseminated through the NHS Atlas of Variation. Nevertheless, little is known about what happens after patients obtain access to surgical procedures, in respect of potentially unwarranted geographical variations in the outcomes of surgery. The NHS Act 2006, as amended by the Health and Social Care Act 2012, places duties on the NHS Commissioning Board to reduce variations in access to, and outcomes from, health care services for patients, and to assess and report on how well they have fulfilled this duty. There is a commitment to address unwarranted variations in patient outcomes in order to increase value from the healthcare budget. Consequently, we first need to understand and define any geographical variation in patient outcomes of joint replacement surgery. Secondly, we need to determine the cause of the variation in patient outcomes. 

The Department of Health established an Enhanced Recovery Partnership Programme between April 2009 and March 2011, with TKR/THR being the focus of enhanced recovery for musculoskeletal care. During this time period, an enhanced recovery pathway (ERP) was introduced across all NHS hospitals. ERP is a complex intervention that focuses on key areas of care across the pathway in order to improve patient care: pre-operatively (for the patient to be in the best possible condition for surgery); peri-operatively (the patient has the best possible management during and after their operation); post-operatively (the patient experiences the best rehabilitation). There has been limited evidence on the efficacy of a “national” programme, where ERP has been implemented nationwide. Implementation may vary across diverse hospital settings, and implementation may be adapted to local circumstances and interpretation of the ERP guidelines, reducing its effectiveness. 

This report describes geographical variation in patient outcomes of THR/TKR surgery, and how trends in patient outcomes have been changing over time. It assesses the clinical and cost effectiveness of the national ERP for THR/TKR surgery. We describe the views of patients and healthcare professionals to understand the elements of healthcare that enable the pathway to be delivered, alongside patients’ experience of care within the structure of the pathway and their preferences for care at key points in the pathway.
[bookmark: _Toc308300690][bookmark: _Toc311366497]
[bookmark: _Toc15393217]Objectives
1. [bookmark: _Toc308300691][bookmark: _Toc311366498]Identification of hospital organisation, surgical factors, and the enhanced recovery pathway as determinants of geographical variation in patient outcomes and NHS costs
1. Natural experiment to determine the clinical and cost-effectiveness of the ERP
1. Qualitative study (process evaluation) on implementation of the ERP in four hospital settings 

[bookmark: _Toc15393218]Methods
[bookmark: _Toc308300694][bookmark: _Toc311366501]Objective 1: 
Statistical analysis of national linked data from the NHS Hospital & Community Health Service, HCHS (monthly workforce statistics); quarterly collection from all NHS organisations that operate beds, KH03 – NHS England; the National Joint Registry (NJR), Hospital Episode Statistics (HES) and Patient Reported Outcomes Measures (PROMs) databases. Multilevel regression models are used to describe the association of patient case-mix, hospital organisational and surgical factors as potential determinants of geographical variations in patient outcomes of surgery between 2014 to 2016 and the magnitude of this variation. Geographical Information Systems are used to produce maps depicting geographical variation in outcomes across clinical commissioning groups (CCGs), and graphically display the influence hospital process factors have on explaining such variation in 
outcomes.

Objective 2:
The project used a natural experimental study design to examine the impact the new enhanced recovery treatment pathway has had on length of stay (LOS), admissions costs, PROMs, complications, and revision surgery. We used the national NJR-HES-PROMs linked datasets from April 2008 to December 2016. The intervention was defined as the period of national ERAS implementation (April 2009 to March 2011). Interrupted time-series analysis assessed impact on trends in outcomes before-during-after the introduction of the new ERP. There was a focus on the benefit of the new ERP to specific patient groups such as frail older people with complex co-morbid conditions. 

Data from NJR, HES, ONS mortality, and CPRD GOLD was used to estimate the hospital and non-hospital costs associated with primary TKR/THR and posterior revisions within the year and subsequent years of occurrence. A systematic review was performed to identify peer-reviewed studies between 2000 and 2017 describing cost-utility analysis of enhanced recovery pathways, or components of one, compared to usual care, in patients having THR/TKR. The methods of the systematic review were registered with the International Prospective Register of Systematic Reviews, number CRD42017059473

Objective 3:
The process evaluation aimed to understand organisational processes that may help or hinder the implementation of ERAS programmes for TKR/THR. This work used the Consolidated Framework for Implementation Research (CFIR) to inform interpretation of results. It further aimed to characterise patients’ experiences of ERAS for TKR/THR using the ethnographer Mol’s work to explore how care processes are negotiated between patients and healthcare professionals. The qualitative research used an ethnographic approach, which involved periods of “fieldwork” in contexts. Ethnography aims to achieve a deep understanding of practice and systems from the perspective of people in a context. The qualitative study took place in four different hospitals within an area of England and the settings have been chosen as the primary contexts at which hip and knee replacement are currently performed in UK healthcare. The four hospitals in the UK were a teaching hospital, a district general hospital, a specialist orthopaedic hospital and an independent sector treatment centre. The ethnographic study using observations and interviews with staff involved in service delivery. Data were analysed using a thematic analysis, followed by an abductive approach whereby themes were mapped onto the 31 constructs and five domains of the CFIR. 38 staff participated including orthopaedic surgeons, nurses and physiotherapists. For the study exploring patients’ experiences of ERAS semi-structured interviews were carried out with 37 patients who had experienced a TKR/THR. An inductive thematic analysis was conducted such that themes and subthemes were identified in the responses.
[bookmark: _Toc308300692][bookmark: _Toc311366499][bookmark: _Toc531286029]
[bookmark: _Toc15393219]Results 
Geographical variation – 210,725 primary TKR were identified nested in 31,715 census areas and 207 CCG areas (173,107 primary THR, 30,850 census areas, and 207 CCG). ≈60% of patients were women; the average age was ≈69 years. Whilst we identified a number of factors that predicted outcomes of surgery (e.g. age, gender, co-morbidity, deprivation, baseline hip/knee function, surgical volume, numbers of orthopaedic surgeons, beds, operating theatres), these factors did not explain observed geographical variation in outcomes of surgery across CCGs. The absolute change in OKS varied from 11.2 to 19.1 points (OHS 17.5 to 24.9), 6-month complication rate of TKR from 1.5% to 8.4% (THR 2.0% to 8.6%), mean length of stay TKR 2.7 to 6.6 days (THR 2.5 to 6.2), hospitalisation cost £4564 to £8901 (THR £4322 to £8566).

Qualitative (Patient experiences) – Time to surgery varied and cancellations were emotionally difficult. Patients valued pre-operative education, but timing of surgery meant that not all patients were offered educational classes. Participants wanted more information on expected progress, along with emotional support. There were different experiences of being offered a choice of anesthesia. For some, this was explained comprehensively and before admission, others were consulted on the day of surgery which caused anxiety. Post-operative recovery in the initial weeks was often the most challenging period and some were unsure how to perform exercises or worried about unfamiliar bodily sensations. They wanted more post-discharge input to provide “reassurance”. Follow-up appointments were considered key in recovery.

Qualitative (Ethnographic study) – Results showed 17 CFIR constructs influenced implementation in all five domains. Within ‘intervention characteristics’, participants thought ERAS afforded advantages over alternative solutions and guidance was adaptable. In the ‘outer setting’, it was felt ERAS should be tailored to patients and education used to empower them in their recovery. However, there were concerns about post-discharge support and tensions with primary care. Within the ‘inner setting’, effective multi-disciplinary collaboration was achieved by transferring knowledge about patients along the care pathway and multidisciplinary working practices. ERAS was viewed as a ‘message’ that had to be communicated consistently. There were concerns about resources and high volumes of patients. Staff access to information varied. At the domain ‘characteristics of individuals’, knowledge and beliefs impacted on implementation. 

Natural experiment (Interrupted time series) – 438,921 primary THR and 525,088 primary TKR were identified. For THR, overall LOS decreased from 5.6 days in April 2008 to 3.6 in December 2016 (TKR 5.7 to 3.6). Although older patients had a longer LOS, the decreasing trend in LOS was seen across all age groups (e.g. 4.7 days to 3.0 days in those age< 60 and 8.1 days to 5.3 days in age 85+). A trend in decreasing LOS was seen in patients with and without pre-existing co-morbidity. For THR, hospital admission costs decreased from £7573 in April 2008 to £5239 in December 2016 (TKR £7461 to £5158). Over the study period there was an improvement in PROMs, with an improvement in change in OHS 6 months after surgery of 17.7 points in April 2008, with this change increasing to 22.9 points in December 2016 (TKR OKS 15.0 to 17.1). The overall proportion of complications was low and decreased from 4.1% in April 2008 to 1.7% March 2016. For THR 5-year revision rates declined from 5.9 per 1000 implant years (95% CI: 4.8 to 7.2) at risk in April 2008 to 2.9 (95% CI: 2.2 to 3.9) in December 2011 (TKR/UKR 6.6/1000 to 5.4/1000). Trends in LOS, bed costs, PROMs, complications, and revision surgery were consistent with a continuation of a pre-existing secular trend and were not temporally related to implementation of the national ERAS programme.

Health economics (costs) – We identified 854,866 individuals undergoing TKR/THR in NJR-HES. The mean censor-adjusted 1-year hospitalisation costs for THR and TKR were £7,827 (95%CI £7,813 to £7,842) and £7,805 (95%CI £7,790 to £7,818), respectively. The censor-adjusted 2-year costs were £9,258 (95%CI £9,233 to £9,280) and £9,452 (95%CI £9,430 to £9,475) for THR and TKR respectively. Complications, revisions and death were the major predictors of 1-year hospitalisation costs. Adding primary and outpatient care, TKR cost £9,483 in the year of surgery compared to £9,295 for THR.

Health economics (cost-effectiveness) – We identified two cost–utility analyses of entire enhanced recovery pathways and 11 analyses of pathway components. Consistent results were found supporting enhanced recovery pathways as a whole, prophylactic systemic antibiotics, antibiotic-impregnated cement and conventional ventilation for infection prevention.   

[bookmark: _Toc308300693][bookmark: _Toc311366500][bookmark: _Toc531286030][bookmark: _Toc15393220]Conclusion
Our data show that outcomes of TKR/THR have been gradually improving over time, with a decrease in length of stay, reduction in inpatient bed day cost, improvement in patient reported outcomes of pain and function, decrease in complications, and reduction in 5-year revision risk. These trends of improving outcomes were seen across all age groups, and in those with and without co-morbidity. However, trends of improving outcomes had begun prior to the introduction of the formal NHS ERAS role out, and therefore not temporally associated with the national ERAS programme. These findings are positive, in highlighting that reductions in LOS have been achieved without adversely impacting on patient outcomes.

Even though patient outcomes have been improving over time, analysis of the most recent years of data identified potentially unwarranted variations in patient outcomes of TKR/THR. This variation cannot be explained by differences in patients case mix, surgical factors, or hospital organisational factors. This information is informative to commissioners in monitoring variations in outcomes of surgery.

The qualitative study of patients experiences of ERP illustrates how processes of care were negotiated between patients and healthcare professionals, along with the emotional and physical work that patients did as ‘active’ participants in their recovery. Interviews with patients included discussion around pre-operative educational needs, tensions between mobilising and giving themselves time to “heal” after surgery and challenges post-discharge. The study demonstrates that ‘good care’ remains an aspiration, particularly in the post-discharge period.

The ethnographic study demonstrates that successful implementation of ERAS services for TKR/THR depends on several aspects, such as the extent to which services have been adapted to meet individual needs, effective communication between staff and planning processes. Doing so provides information to healthcare providers on how best to organise and deliver these services in the future. The study may also be of use to clinicians and researchers in helping to understand service delivery for ERAS in other surgeries.
[bookmark: _Toc531286031]
[bookmark: _Toc15393221]Recommendations for research.
1.	Although national trends towards improved patient outcome are encouraging, there is still substantial variation in outcome between hospitals trusts and CCGs, so there is work to be done to understand why these potentially unwarranted variations in patient outcome exist.
2.	Further research should explore patient experiences of referral from primary to secondary care services to provide a more comprehensive account of experiences through the care pathway. In addition, future research may also consider GPs’ views and experiences of ERAS, particularly at the points of referral and discharge. This would provide a ‘system-wide’ understanding of the delivery of ERAS.
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[bookmark: _Toc15393222]Plain English Summary
Osteoarthritis is a leading cause of pain and disability. Many people with severe hip or knee pain caused by osteoarthritis have an operation called joint replacement. This involves replacing the painful hip or knee joint with an artificial joint. Over 200,000 hip and knee replacement operations take place each year funded by the NHS and this number is expected to increase. 

A new patient pathway for hip and knee replacement called “enhanced recovery” has been introduced in NHS and private hospitals. It is hoped this will benefit patients, through patient education before and after surgery, that includes making changes around the home, exercises to strengthen the joint and changes to diet, to help reduce the risk of complications and speed up a patient’s recovery time. For patients in whom it is suitable, they will further benefit by being able to return home earlier. 

Over the past ten years there have been substantial reductions in pain and improvement in functionality of the joint after surgery, fewer complications and need for future reoperation. Large reductions in length of stay, and in turn hospital costs for the NHS, have been achieved without an adverse impact on patient outcomes. There has been an encouraging trend towards reduction in length of stay and improved outcomes, but this started prior to the official launch of the enhanced recovery programme and is likely to reflect early adoption of elements of enhanced recovery in some hospitals.

Although national trends towards improved patient outcomes are encouraging, there is still substantial geographical variation in outcome between clinical commissioning groups. This was not explained by a hospital treating more complex and sicker patients, nor by factors such as bed availability, numbers of operating theatres and specialist surgeons, using new surgical techniques, or centralising care into specialist high volume hospitals.
Word count: 298

[bookmark: _Toc15393223]Main body of report
Main report word count: 31,036
[bookmark: _Toc308300695][bookmark: _Toc311366502][bookmark: _Toc15393224]Chapter 1: Introduction
[bookmark: _Toc308300696][bookmark: _Toc311366503][bookmark: _Toc15393225]Background
Osteoarthritis presents an important health burden as the population becomes older and increasingly obese1. Almost half of those aged over 75 seek medical care for osteoarthritis with a large impact on healthcare costs and health-related quality of life2. It is a leading cause of worldwide disability, with an estimated annual loss of productivity cost of £3.2 billion in the UK3, with pain being the primary symptom that causes people to seek out pharmacological (e.g. prescription analgesia) and nonpharmacological (e.g. exercise programmes supervised by physiotherapists) treatment, and in severe cases, joint replacement surgery. Over 200,000 people with severe hip or knee pain caused by osteoarthritis have joint replacement surgery each year in the NHS and this number is expected to increase4.

A recent White Paper5 outlined the future of the NHS, making it more accountable to patients through greater choice and information, with a strong focus on clinical outcomes. To shift decision-making as close as possible to individual patients, the Government have devolved power and responsibility for commissioning services to GPs and their practice teams working in consortia. The National Health Service Act 2006, as amended by the Health and Social Care Act 2012, places duties on the NHS Commissioning Board and clinical commissioning groups to have regard to the need to reduce variations in access to, and outcomes from, health care services for patients, and to assess and report on how well they have fulfilled this duty. 

There are well known geographical variations in the uptake of common surgical procedures including hip (THR) and knee (TKR) replacement6 7, as publicised through the NHS Atlas of Variation8. A recent study found evidence of significant unexplained variation among hospitals in both health outcomes and resource use following THR/TKR9, but little is known about factors that can explain why such variation exists. In the NHS, as part of the Patient Choice Agenda10, patients can choose which hospital they want to have their surgery in. Information on the outcomes of surgery between different hospitals would help patients in making their decision. Geographical variation in outcomes of surgery may be explained by a hospital treating more complex and sicker patients. However, differences in patient outcomes could also be explained by how hospitals organise their services6, such as bed availability, numbers of operating theatres and specialist surgeons, using new surgical techniques such as minimally invasive surgery6, or centralising care into specialist high volume hospitals11 12. 

Between April 2009 and March 2011 the Department of Health established an Enhanced Recovery Partnership Programme13 to support the NHS to implement and realise the benefits of enhanced recovery in colorectal, musculoskeletal, gynaecology and urology major elective surgical pathways. Through this programme a new “enhanced recovery” patient pathway for THR and TKR has now been introduced across all NHS hospitals14. Enhanced recovery is a complex intervention15 16 that focuses on key areas of care across the pathway: pre-operatively (for the patient to be in the best possible condition for surgery); peri-operatively (the patient has the best possible management during and after their operation); post-operatively (the patient experiences the best rehabilitation). It is hoped this will benefit patients through patient education before and after surgery, which includes making changes around the home, exercises to strengthen the joint and changes to diet to help reduce the risk of complications and speed up a patient’s recovery time. For patients in whom it is suitable, they will further benefit by being able to return home earlier to continue their recuperation at home with appropriate support. This in turn will benefit the hospital by freeing up space for other patients on the waiting list. A greater number of frail older people with complex co-morbid conditions now receive THR/TKR. The new enhanced recovery pathway could specifically benefit these patient groups17. 

There is limited evidence concerning the effectiveness of enhanced recovery programmes in TKR/THR18. There is a need for information on what the core active ingredients are, and how they are exerting their effect16. This is important because, when implemented nationwide in diverse hospital settings, the intervention may be adapted to local circumstances that inhibit its effectiveness19. A recent synthesis of evidence about effectiveness and implementation of enhanced recovery programmes highlights ‘barriers’ and ‘facilitators’ to implementation18. Barriers included resistance to change, inadequate funding, lack of support from management, high staff turnover, poor documentation, and shortness of time. Facilitators included a dedicated enhanced recovery lead, presence of multidisciplinary team working and ongoing education for staff and patients. Studies of patients’ experiences of enhanced recovery have taken place in colorectal surgery20-22, but we know little about experiences for TKR/THR, nor the elements of pathway-driven care that patients like most and least. Organisational processes and collaboration between professionals are crucial to the delivery of safe and satisfactory care23, but the organisational contexts that can support or inhibit delivery of enhanced recovery have not been explored. 
[bookmark: _Toc308300699][bookmark: _Toc311366506][bookmark: _Toc531286036]
[bookmark: _Toc15393226]Aims
To determine the effect of hospital organisation, surgical factors, and the enhanced recovery pathway on patient outcomes and NHS costs of hip/knee replacement
[bookmark: _Toc308300700][bookmark: _Toc311366507][bookmark: _Toc531286037]Objectives
2. Identification of hospital organisation, surgical factors, and the enhanced recovery pathway as determinants of geographical variation in patient outcomes and NHS costs
2. Natural experiment to determine the clinical and cost-effectiveness of the enhanced recovery treatment pathway
2. Qualitative study (process evaluation) on implementation of enhanced recovery pathways in four hospital settings

[bookmark: _Toc308300701][bookmark: _Toc311366508][bookmark: _Toc531286038][bookmark: _Toc15393227]Design and methodology
The project comprises of a patient forum and two main work packages (WP). The project will begin with a patient forum to identify the outcomes that matter most to THR and TKR patients (patient identified outcomes). Findings from the forum will inform the primary and secondary outcomes of the study.

WP1 aims to explore geographical variation in patient outcomes of surgery. Using HCHS, KH03 and Supporting Facilities datasets linked to NJR/HES/PROMs we explore how hospital organisational factors (e.g. staff, beds, operating theatres) and surgical factors (e.g. minimally invasive technique, surgeon volume, operative time, implant fixation, thromboprophylaxis) explain geographical variation in patient outcomes, adjusting for patient case-mix. Results are displayed as maps highlighting the level of variation in patient outcomes across CCGs.

WP2 focuses specifically on the enhanced recovery care pathway:
•	Process evaluation. Here we characterise the enhanced recovery intervention as used in practice in different hospital settings (tertiary care centre of excellence, teaching hospital, district general hospital, private hospital) and understand organisational processes that enable or impede implementation of the enhanced recovery pathway. The qualitative work uses an ethnographic approach.
•	Natural experiment.  We evaluate the impact the enhanced recovery pathway has had on NHS costs and patient outcomes (PROMs, length of stay, complications, revision). Interrupted time series analysis examines changes in secular trends in outcomes and NHS costs before and after the introduction of the new treatment pathway. 
•	Economic evaluation. This describes the hospital and non-hospital NHS costs for THR/TKR and the cost effectiveness of the enhanced recovery pathway.

[bookmark: _Toc15393228][bookmark: _Toc308300703][bookmark: _Toc311366510] 
Chapter 2: Data Sources
[bookmark: _Toc15393229]National Joint Registry (NJR)
Starting in 2003 the NJR4 collects information on all hip and knee replacements performed each year in both public and private hospitals in England, Wales and, since 2012, Northern Ireland. Data are entered into the NJR using forms completed by surgeons at the time of surgery, and revision operations are linked using unique patient identifiers. 

[bookmark: _Toc15393230]Hospital Episode Statistics (HES)	
The HES database holds information on all patients admitted to NHS hospitals in England, including diagnostic ICD codes providing information about a patient’s illness or condition and OPCS4 procedural codes for surgery. It covers a smaller geographical area than the NJR and does not include privately-funded operations. Data for all-cause mortality are provided 
by the ONS and linked to the HES database.	

[bookmark: _Toc15393231]Patient Reported Outcome Measures (PROMs)	
Since April 2009, PROMs24 data has been collected on hip and knee replacements performed in public hospitals in England. Pre-operative and 6 month quality of life questionnaires (the Europol five domain (EQ5D)25) and joint-specific PROMs (the Oxford Hip Score (OHS)26 and Oxford Knee Score (OKS)27) are collected.

[bookmark: _Toc15393232]Clinical Practice Research Datalink (CPRD)
The Clinical Practice Research Datalink (CPRD)28, formerly the General Practice Research Database (GPRD), was established in 1987, and contains anonymised individual patient data from electronic primary healthcare records from practices across the United Kingdom. Data cover clinical and referral events in primary and secondary care and comprehensive demographic information, medication prescription data, clinical events, specialist referrals, hospital admissions and their major outcomes. As of June 2017, 693 general practices contributed data to CPRD. In total, data from an estimated 14.2 million patients are available within CPRD, of whom 2.8 million were active in 2017.

[bookmark: _Toc15393233]Hospital Organisational Characteristics
The NHS Hospital and Community Health Service (HCHS) Workforce Statistics in England provide details on workforce within NHS organisations including numbers of consultants and specialties (e.g. Trauma and Orthopaedic, Anaesthetists), registrars and other doctors in training. The NHS Quarterly Bed Availability and Occupancy Data Set has data on the number of available beds and occupied beds, whilst the Supporting Facilities dataset provides information on operating theatres and dedicated day case theatres. The data are published quarterly and can be linked to HES data through the hospital provider code6.

[bookmark: _Toc15393234]Data applications
NJR-HES-PROMS. Approval for NJR data received on 8th July 2016 (NJR internal reference: RSC2016/11). CAG section 251 approval received on 20th September 2016 (CAG reference: 16/CAG/0111). A Data Access Request Service (DARS) application was made to NHS Digital for HES and PROMs data to be linked to data from the NJR. This was approved with the Data Sharing Agreement (DSA) signed on 23rd January 2016. Data from the NJR was received on the 14th March 2017. HES-PROMs data was made available to download on 7th April 2017. 

CPRD-HES-PROMs. ISAC approval on 5 July 2016 (Protocol number 11_050AMnA2R). CPRD subsequently announced a new linkage to PROMs so a further ISAC amendment was submitted and approval obtained 10 January 2017 (Protocol number 11_050 AMnA2RA2). CPRD data linked to inpatient and outpatient HES received on 9th May 2017; linked PROMs data on 25th July 2017.

[bookmark: _Toc15393235]Data summary
Data was available on 746,822 primary THR from the NJR (2003 to 2017). HES data was obtained for years (2008 to 2017) of which 445,611 could be linked to NJR data. PROMs data (2009 to 2016) was available for 229,025 patients with complete pre-operative and 6-month post-operative Oxford hip scores (Figure 1). There were 841,139 primary TKR/UKR in NJR (2003 to 2017), with HES data (2008 to 2017) linked for 531,790 and PROMs (2009 to 2017) for 258,297 patients with pre and 6-month post-operative Oxford Knee scores (Figure 2).

In the CPRD data we have 72,339 primary THR and 64,071 primary TKR from 1995 to 2017. Linked HES data available for 42,204 hips and 38,606 knees. PROMs data from 2009 onwards linked to 5,184 hips and 5,352 knees.

Descriptive summary statistics of the variables available for analysis from the NJR (Table 1), HES (Table 2), Hospital organisational factors (Table 3) and PROMs (Table 4) linked datasets are described below. 
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Patients with primary hip replacement
(746,749)



Not matched with hospital inpatient record (301,194; 40.3%)



Emergency admissions and other types different from planned (2,532; 0.3%)


Surgery before April 2008 (576; 0.1%)


Patients with primary hip replacement (438,921)



Surgery after December 2016 (3,556; 0.5%)



Patients in the analysis of complications after surgery (385,201) 
Patients with complications (6,232; 1.6%)
Complication date prior to surgery date (9,472; 2.2%)

After 2011 (278,297; 63.4%)
Patients in the analysis of 5-year revision (160,624) 
Revisions by 5 years (3,577; 2.2%)
Not baseline Oxford hip score (OHS) available (169,358; 38.6%)
Baseline but not 6-month after surgery OHS available (42,767; 9.7%)

Patients in the analysis of Length of stay (432,162) 
Outliers: 
After March 2016 (14,728; 3.4%)
After June 2016 (29,520; 6.7%)
Missing data for length of stay or discharge date prior to admission date (35; <0.1%)

> 15 days of stay (6,724; 1.5%)
Patients in the analysis of OHS change (226,796) 







Figure 1. Flow diagram on selection of primary THR patients
Patients with primary TKR/UKR (850,639)



Not matched with hospital inpatient record (313,292; 36.8%)



Emergency admissions and other types different than elective (946; 0.1%)


Surgery before April 2008 (629; 0.1%)


Surgery after December 2016 (4,646; 0.6%)




Patients with primary TKR/UKR (531,126)

After 2012 (277,110; 52.2%)
Patients in the analysis of 5-year revision (253,503) 
Revisions by 5 years (6,639; 2.6%)
Death date prior to surgery date (513; 0.1%)

After June 2016 (36,581; 6.9%)
Patients in the analysis of 6-month complication (464,587) 
Complications by 6 months (8,101; 1.7%)
Complication date prior to surgery date (11,375; 2.1%)

Death date prior to surgery date (477; 0.1%)

Outliers: 
After March 2016 (18,106; 2.1%)
> 15 days of stay (7,290; 1.4%)
Missing data for length of stay or discharge date prior to admission date (38; <0.1%)




Baseline but not 6-month after surgery OKS available (49,840; 9.4%)
Not baseline Oxford knee score (OKS) available (224,846; 42.3%)







Patients in the analysis of Length of stay (523,798) 
Patients in the analysis of OKS change (256,440) 


Figure 2. Flow diagram on selection of primary TKR patients

Table 1. Descriptive statistics (NJR dataset)
	Total
 (unilateral primary hip replacements)
	440,640
	
	Total 
(unilateral primary knee replacements)
	531,524

	Age at operation
	
	
	Age at operation
	

	    Mean (SD)
	69.1 (10.8)
	
	    Mean (SD)
	69.6 (9.5)

	    Range
	18 to 117
	
	    Range
	18 to 102

	Age categories
	
	
	Age categories
	

	<50
	21,045 (4.8%)
	
	<50
	12,205 (2.3%)

	50-59
	57,333 (13.0%)
	
	50-59
	65,771 (12.4%)

	60-69
	131,691 (29.9%)
	
	60-69
	175,354 (33.0%)

	70-79
	158,015 (35.9%)
	
	70-79
	197,931 (37.2%)

	80-84
	48,300 (11.0%)
	
	80-84
	55,868 (10.5%)

	85+
	24,256 (5.5%)
	
	85+
	24,395 (4.6%)

	Sex
	
	
	Sex
	

	    Female
	263,961 (59.9%)
	
	    Female
	302,295 (56.9%)

	    Male
	176,679 (40.1%)
	
	    Male
	229,229 (43.1%)

	Side
	
	
	Side
	

	    Right
	196,585 (44.6%)
	
	    Right
	252,958 (47.6%)

	    Left
	244,055 (55.4%)
	
	    Left
	278,566 (52.4%)

	BMI
	
	
	BMI
	

	    Mean (SD)
	28.9 (5.2)
	
	    Mean (SD)
	31.0 (5.4)

	    Range
	16 to 60
	
	    Range
	16 to 60

	    Missing
	124,706 (28.3%)
	
	    Missing
	150,496 (28.3%)

	ASA
	
	
	ASA
	

	    P1
	59,934 (13.6%)
	
	    P1
	52,158 (9.8%)

	    P2
	310,596 (70.5%)
	
	    P2
	391,903 (73.7%)

	    P3
	68,326 (15.5%)
	
	    P3
	85,949 (16.2%)

	    P4
	1,769 (0.4%)
	
	    P4
	1,494 (0.3%)

	    P5
	15 (0.0%)
	
	    P5
	20 (0.0%)

	year of primary hip replacement
	
	
	year of primary knee replacement
	

	
	
	
	    '2007
	1 (0.0%)

	    '2008
	29,070 (6.6%)
	
	    '2008
	34,130 (6.4%)

	    '2009
	39,279 (8.9%)
	
	    '2009
	46,892 (8.8%)

	    '2010
	44,717 (10.2%)
	
	    '2010
	53,130 (10.0%)

	    '2011
	47,312 (10.7%)
	
	    '2011
	57,285 (10.8%)

	    '2012
	50,793 (11.5%)
	
	    '2012
	60,679 (11.4%)

	    '2013
	52,836 (12.0%)
	
	    '2013
	62,168 (11.7%)

	    '2014
	57,156 (13.0%)
	
	    '2014
	69,600 (13.1%)

	    '2015
	57,536 (13.1%)
	
	    '2015
	70,686 (13.3%)

	    '2016
	58,416 (13.3%)
	
	    '2016
	72,350 (13.6%)

	    '2017
	3,525 (0.8%)
	
	    '2017
	4,603 (0.9%)

	Type of surgeon
	
	
	Type of surgeon
	

	     Other
	84,646 (19.2%)
	
	     Other
	110,724 (20.8%)

	     Consultant
	355,994 (80.8%)
	
	     Consultant
	420,800 (79.2%)

	Type of approach
	
	
	Type of approach
	

	Other
	166,376 (37.8%)
	
	Lateral parapatellar
	4,911 (0.9%)

	Posterior
	274,264 (62.2%)
	
	Medial parapatellar
	495,866 (93.3%)

	Primary indication
	
	
	Mid-Vastus
	16,015 (3.0%)

	Osteoarthritis
	426,826 (96.9%)
	
	Sub-Vastus
	6,094 (1.2%)

	Osteoarthritis and Other
	13,814 (3.1%)
	
	Other
	8,638 (1.6%)

	Primary thromboprophylaxis
	
	
	Primary indication
	

	None
	13,373 (3.0%)
	
	Osteoarthritis
	525,652 (98.9%)

	Aspirin only
	21,716 (4.9%)
	
	Osteoarthritis and Other
	5,872 (1.1%)

	LMWH (+/-Other)
	289,732 (65.8%)
	
	Primary thromboprophylaxis
	

	Other (no LMWH)
	115,819 (26.3%)
	
	None
	18,967 (3.6%)

	Primary mechanical prophylaxis
	
	
	Aspirin only
	28,905 (5.4%)

	None
	26,306 (6.0%)
	
	LMWH (+/-Other)
	384,276 (72.3%)

	Any
	414,334 (94.0%)
	
	Other (no LMWH)
	99,376 (18.7%)

	Primary graft femur
	
	
	Primary mechanical prophylaxis

	None
	437,943 (99.4%)
	
	None
	29,036 (5.5%)

	Any
	2,697 (0.6%)
	
	Any
	502,488 (94.5%)

	Primary complication
	
	
	Primary graft femur
	

	None
	433,428 (99.0%)
	
	None
	526,675 (99.1%)

	1 or more
	4,438 (1.0%)
	
	Any
	4,849 (0.9%)

	Missing
	2,774 (0.6%)
	
	Primary graft tibia
	

	Primary cup fixation
	
	
	None
	529,515 (99.6%)

	Uncemented Cup
	275,877 (63.3%)
	
	Any
	2,009 (0.4%)

	Cemented Cup
	160,131 (36.7%)
	
	Primary complication
	

	Missing
	4,632 (1.1%)
	
	None
	528,917 (99.5%)

	Type of primary implant
	
	
	1 or more
	2,607 (0.5%)

	MoM Resurfacing
	7,803 (1.8%)
	
	Missing
	0 (0.0%)

	THR (any bearing)
	423,499 (98.2%)
	
	Primary fixation
	

	Missing
	9,338 (2.1%)
	
	Cementless
	22,865 (4.3%)

	Type of resurfacing stem fix
	
	
	Cemented
	504,910 (95.1%)

	Cemented HR stem
	7,097 (91.0%)
	
	Hybrid
	3,359 (0.6%)

	Uncemented HR stem
	706 (9.1%)
	
	Missing
	390 (0.1%)

	THR or missing
	432,837 (98.2%)
	
	Femoral fixation
	

	Type of primary stem fixation
	
	
	Cementless
	25,219 (4.8%)

	Uncemented THR stem 
	193,118 (45.4%)
	
	Cemented
	499,559 (95.2%)

	Cemented THR stem
	232,520 (54.6%)
	
	Missing
	6,746 (1.3%)

	Resurfacing or missing
	15,002 (3.4%)
	
	Tibial fixation
	

	Type of primary bearing
	
	
	Cementless
	23,158 (4.4%)

	MoM
	16,175 (3.8%)
	
	Cemented
	498,538 (95.6%)

	non-MoM
	412,223 (96.2%)
	
	Missing
	9,828 (1.8%)

	Missing
	12,242 (2.8%)
	
	Type of primary implant
	

	Details of primary bearing
	
	
	Unicondylar/Hinged/Linked/Custom/Preass
	40,471 (7.7%)

	MoM
	16,175 (3.8%)
	
	Bicondylar
	484,529 (92.3%)

	MoP
	263,520 (61.5%)
	
	Missing
	6,524 (1.2%)

	CoC
	68,487 (16.0%)
	
	Minimally invasive
	

	CoP
	78,878 (18.4%)
	
	Yes
	27,999 (5.3%)

	CoM
	1,245 (0.3%)
	
	No
	503,525 (94.7%)

	MoC
	93 (0.0%)
	
	Unit type
	

	Missing
	12,242 (2.8%)
	
	England
	403,302 (75.9%)

	Primary implant type
	
	
	Ind. Hospital
	100,399 (18.9%)

	MoM THR
	8,372 (2.0%)
	
	Ind. Treatment Centre
	27,823 (5.2%)

	HR
	7,803 (1.8%)
	
	Surgical volume per consultant

	Non-MoM THR
	412,223 (96.2%)
	
	    Mean (SD)
	88.4 (60.4)

	Missing
	12,242 (2.8%)
	
	    Range
	1 to 434

	Primary headsize
	
	
	TKR volume per consultant
	

	<=28
	172,885 (40.1%)
	
	    Mean (SD)
	79.3 (54.3)

	32
	145,693 (33.8%)
	
	    Range
	0 to 409

	36-42
	101,341 (23.5%)
	
	Missing
	0 (0.0%)

	44-48
	5,346 (1.2%)
	
	UKR volume per consultant
	

	50-52
	4,510 (1.1%)
	
	    Mean (SD)
	8.0 (16.7)

	>=54
	1,527 (0.4%)
	
	    Range
	0 to 218

	Missing
	9,338 (2.1%)
	
	Missing
	0 (0.0%)

	Minimally invasive
	
	
	PFJR volume per consultant
	

	Yes
	17,911 (4.1%)
	
	    Mean (SD)
	1.1 (2.7)

	No
	422,729 (95.9%)
	
	    Range
	0 to 56

	Unit type
	
	
	Missing
	0 (0.0%)

	England
	336,285 (76.3%)
	
	Surgical volume per unit
	

	Ind. Hospital
	82,109 (18.6%)
	
	    Mean (SD)
	383.5 (266.2)

	Ind. Treatment Centre
	22,246 (5.1%)
	
	    Range
	1 to 1,633

	Surgical volume per consultant
	
	
	TKR Surgical volume per unit
	

	    Mean (SD)
	98.0 (80.5)
	
	    Mean (SD)
	348.0 (243.0)

	    Range
	1 to 693
	
	    Range
	0 to 1,429

	Resurfacing volume per consultant
	
	Missing
	0 (0.0%)

	    Mean (SD)
	2.3 (8.7)
	
	UKR Surgical volume per unit
	

	    Range
	0 to 160
	
	    Mean (SD)
	30.9 (43.8)

	Missing
	12,242 (2.8%)
	
	    Range
	0 to 384

	THR volume per consultant
	
	
	Missing
	0 (0.0%)

	    Mean (SD)
	94.7 (78.3)
	
	PFJR Surgical volume per unit
	

	    Range
	0 to 687
	
	    Mean (SD)
	4.6 (6.1)

	Missing
	12,242 (2.8%)
	
	    Range
	0 to 67

	Surgical volume per unit
	
	
	Missing
	0 (0.0%)

	    Mean (SD)
	341.3 (253.0)
	
	Outcome
	

	    Range
	1 to 1,286
	
	Death
	36,921 (7.0%)

	Resurfacing Surgical volume per unit
	
	Revised
	10,293 (1.9%)

	    Mean (SD)
	6.8 (17.9)
	
	Unrevised
	484,308 (91.1%)

	    Range
	0 to 192
	
	Missing
	2 (0.0%)

	Missing
	12,242 (2.8%)
	
	Time to revision (years)
	

	THR Surgical volume per unit
	
	
	    Mean (SD)
	2.4 (1.7)

	    Mean (SD)
	328.0 (243.9)
	
	    Range
	0 to 9

	    Range
	0 to 1,272
	
	Not revised or missing
	521,231 (98.1%)

	Missing
	12,242 (2.8%)
	
	Time to death (years)
	

	Outcome
	
	
	    Mean (SD)
	3.7 (2.1)

	Death
	33,473 (7.6%)
	
	    Range
	0 to 9

	Revised
	7,600 (1.7%)
	
	Live or missing
	494,603 (93.1%)

	Unrevised
	399,179 (90.7%)
	
	
	

	Missing
	388 (0.1%)
	
	
	

	Time to revision (years)
	
	
	
	

	    Mean (SD)
	2.2 (2.2)
	
	
	

	    Range
	0 to 9
	
	
	

	Not revised or missing
	433,040 (98.3%)
	
	
	

	Time to death (years)
	
	
	
	

	    Mean (SD)
	3.6 (2.1)
	
	
	

	    Range
	0 to 9
	
	
	

	Live or missing
	406,535 (92.3%)
	
	
	






Table 2. Descriptive statistics (HES dataset)
	
	Total (unilateral primary hip replacements)
	Total (unilateral primary knee replacements)

	
	440,640
	531,524

	Index of Multiple Deprivation (IMD) quintiles, at primary 
	

	Least deprived 20%
	106,613 (24.2%)
	115,670 (21.8%)

	Less deprived 20-40%
	108,818 (24.7%)
	122,769 (23.1%)

	Less deprived 40-60%
	79,678 (18.1%)
	101,703 (19.1%)

	More deprived 20-40%
	74,417 (16.9%)
	97,473 (18.3%)

	Most deprived 20%
	71,114 (16.1%)
	93,909 (17.7%)

	Rurality at primary
	
	

	urban >=10,000
	315,071 (71.5%)
	398,650 (75.0%)

	town and fringe
	56,321 (12.8%)
	62,623 (11.8%)

	village/isolated
	69,248 (15.7%)
	70,251 (13.2%)

	Ethnicity
	
	

	white
	386,149 (97.3%)
	451,169 (93.4%)

	non-white
	10,806 (2.7%)
	32,103 (6.6%)

	Missing
	43,685 (9.9%)
	48,252 (9.1%)

	Number comorbidities at primary
	
	

	No
	326,661 (74.1%)
	374,092 (70.4%)

	Mild
	80,211 (18.2%)
	113,913 (21.4%)

	Moderate
	22,785 (5.2%)
	30,315 (5.7%)

	Severe
	10,983 (2.5%)
	13,204 (2.5%)

	Charlson Comorbidities
	
	

	AIDS
	0 (0.0%)
	0 (0.0%)

	metastatic solid tumour
	628 (0.1%)
	323 (0.1%)

	severe liver disease
	1,072 (0.2%)
	1,135 (0.2%)

	lymphoma
	389 (0.1%)
	384 (0.1%)

	leukaemia
	610 (0.1%)
	666 (0.1%)

	non-metastatic tumour
	4,784 (1.1%)
	4,979 (0.9%)

	diabetes with end organ damage
	1,090 (0.3%)
	1,711 (0.3%)

	mod-severe renal disease
	18,249 (4.1%)
	22,028 (4.1%)

	hemiplegia
	505 (0.1%)
	709 (0.1%)

	dementia
	1,380 (0.3%)
	1,224 (0.2%)

	chronic pulmonary disease
	56,225 (12.8%)
	74,930 (14.1%)

	mild diabetes (without end organ damage - include ketoacidosis and coma)
	40,035 (9.1%)
	67,315 (12.7%)

	mild liver disease
	525 (0.1%)
	806 (0.2%)

	peptic ulcer disease
	610 (0.1%)
	872 (0.2%)

	Peripheral vascular disease
	4,048 (0.9%)
	4,235 (0.8%)

	stroke/cerebrovascular disease
	1,623 (0.4%)
	1,926 (0.4%)

	congestive heart failure
	1,643 (0.4%)
	1,624 (0.3%)

	myocardial infarction
	481 (0.1%)
	375 (0.1%)

	Complication within 6 months
	
	

	Stroke
	839 (0.2%)
	999 (0.2%)

	Respiratory infection
	2,977 (0.7%)
	3,124 (0.6%)

	Acute myocardial infarction
	941 (0.2%)
	1,099 (0.2%)

	Pulmonary embolism/deep vein thrombosis
	1,865 (0.4%)
	2,193 (0.4%)

	Urinary tract infection
	3,258 (0.7%)
	3,676 (0.7%)

	Wound disruption
	786 (0.2%)
	1,609 (0.3%)

	Surgical site infection
	2,028 (0.5%)
	3,136 (0.6%)

	Fracture after implant
	455 (0.1%)
	179 (0.0%)

	Complication of prosthesis
	4,590 (1.0%)
	4,250 (0.8%)

	Neurovascular injury
	70 (0.0%)
	128 (0.0%)

	Acute renal failure
	2,031 (0.5%)
	2,537 (0.5%)

	Blood transfusion
	526 (0.1%)
	414 (0.1%)

	Revision NJR+HES
	8,622 (2.0%)
	13,626 (2.6%)

	Reoperations only
	1,616 (0.4%)
	2,722 (0.5%)

	Length of stay
	
	

	    Mean (SD)
	4.8 (3.8)
	4.7 (3.6)

	    Range
	0 to 378
	0 to 737

	Missing
	35 (0.0%)
	36 (0.0%)

	Readmission within 6 months
	87,675 (19.9%)
	120,034 (22.6%)





Table 3. Descriptive statistics (Hospital organisational factors)
	
	
	Total (unilateral primary hip replacements)
	Total (unilateral primary knee replacements)

	Full Time Equivalent (FTE)
	440,640
	531,524

	Speciality groups
	
	

	
	Trauma and orthopaedic surgery
	
	

	
	Median (IQR)
	41.1 (29.9, 56.9)
	40.9 (29.9, 56.6)

	
	Range
	0.1 to 115.5
	10.4 to 115.5

	
	Missing
	167,434 (38.0%)
	202,251 (38.1%)

	
	Data not returned
	39,469 (9.0%)
	48,464 (9.1%)

	
	Not linked
	127,965 (29.0%)
	153,787 (28.9%)

	
	Rehabilitation medicine
	
	

	
	Median (IQR)
	3.3 (1.5, 6.7)
	3.0 (1.0, 6.6)

	
	Range
	0.2 to 21.0
	0.2 to 21.0

	
	Missing
	330,039 (74.9%)
	401,909 (75.6%)

	
	Data not returned
	202,074 (45.9%)
	248,122 (46.7%)

	
	Not linked
	127,965 (29.0%)
	153,787 (28.9%)

	Grade
	
	
	

	
	Consultant
	
	

	
	Median (IQR)
	34.5 (23.8, 50.4)
	34.9 (24.0, 51.3)

	
	Range
	1.0 to 143.3
	1.0 to 143.3

	
	Missing
	167,916 (38.1%)
	202,682 (38.1%)

	
	Data not returned
	39,951 (9.1%)
	48,895 (9.2%)

	
	Not linked
	127,965 (29.0%)
	153,787 (28.9%)

	
	Middle grade doctor
	
	

	
	Median (IQR)
	20.8 (13.1, 31.8)
	21.1 (13.3, 32.5)

	
	Range
	1.0 to 116.2
	1.0 to 116.2

	
	Missing
	173,421 (39.4%)
	208,469 (39.2%)

	
	Data not returned
	45,456 (10.3%)
	54,682 (10.3%)

	
	Not linked
	127,965 (29.0%)
	153,787 (28.9%)

	
	Trainee doctor
	
	

	
	Median (IQR)
	9.0 (5.0, 13.0)
	9.0 (6.0, 14.0)

	
	Range
	0.6 to 37.0
	0.6 to 37.0

	
	Missing
	200,001 (45.4%)
	237,983 (44.8%)

	
	Data not returned
	72,036 (16.3%)
	84,196 (15.8%)

	
	Not linked
	127,965 (29.0%)
	153,787 (28.9%)

	Beds
	
	
	

	Speciality groups
	
	

	Trauma and orthopaedic surgery (overnight)
	

	
	Median (IQR)
	69.0 (50.5, 91.9)
	68.2 (50.4, 92.2)

	
	Range
	0.0 to 167.2
	0.0 to 167.2

	
	Missing
	163,889 (37.2%)
	197,443 (37.1%)

	
	Data not returned
	35,924 (8.2%)
	43,656 (8.2%)

	
	Not linked
	127,965 (29.0%)
	153,787 (28.9%)

	Rehabilitation (overnight)
	
	

	
	Median (IQR)
	0.0 (0.0, 16.8)
	0.0 (0.0, 16.7)

	
	Range
	0.0 to 164.1
	0.0 to 164.1

	
	Missing
	163,889 (37.2%)
	197,443 (37.1%)

	
	Data not returned
	35,924 (8.2%)
	43,656 (8.2%)

	
	Not linked
	127,965 (29.0%)
	153,787 (28.9%)

	Anaesthetics (overnight)
	
	

	
	Median (IQR)
	0.0 (0.0, 16.8)
	0.0 (0.0, 16.7)

	
	Range
	-0.1 to 40.1
	-0.1 to 40.1

	
	Missing
	163,889 (37.2%)
	197,443 (37.1%)

	
	Data not returned
	35,924 (8.2%)
	43,656 (8.2%)

	
	Not linked
	127,965 (29.0%)
	153,787 (28.9%)

	Total available
	
	

	
	Overnight
	
	

	
	Median (IQR)
	764.2 (541.8, 1,024.9)
	778.8 (557.6, 1,040.2)

	
	Range
	0.0 to 2,195.8
	0.0 to 2,195.8

	
	Missing
	147,090 (33.4%)
	177,083 (33.3%)

	
	Data not returned
	19,125 (4.3%)
	23,296 (4.4%)

	
	Not linked
	127,965 (29.0%)
	153,787 (28.9%)

	Operating theatres
	
	

	
	Number
	
	

	
	Median (IQR)
	20 (14, 29)
	21 (14, 30)

	
	Range
	2 to 63
	2 to 63

	
	Missing
	
	

	
	Data not returned
	814 (0.2%)
	710 (0.1%)

	
	Not linked
	92,923 (21.1%)
	112,484 (21.2%)

	Number of dedicated day case theatres
	

	
	Median (IQR)
	4 (2, 6)
	4 (2, 6)

	
	Range
	0 to 17
	0 to 17

	
	Missing
	
	

	
	Data not returned
	814 (0.2%)
	710 (0.1%)

	
	Not linked
	92,923 (21.1%)
	112,484 (21.2%)




Table 4. Descriptive statistics (PROMs data)
	Total (unilateral primary hip replacements)
	Total (unilateral primary knee replacements)

	
	440,640
	
	531,524

	Oxford hip score, follow-up at 6 months
	
	Oxford knee score, follow-up at 6 months
	

	Median (IQR)
	42 (34, 46)
	Median (IQR)
	36 (28, 42)

	Range
	0 to 48
	Range
	0 to 48

	Missing
	214,080 (48.6%)
	Missing
	275,089 (51.8%)


	Oxford hip score, preoperative
	
	Oxford knee score, preoperative
	

	Median (IQR)
	17 (11, 23)
	Median (IQR)
	18 (12, 23)

	Range
	0 to 48
	Range
	0 to 48

	Missing
	173,399 (39.4%)
	Missing
	227,822 (42.9%)


	EQ5D, follow-up at 6 months
	
	EQ5D, follow-up at 6 months
	

	Median (IQR)
	0.80 (0.69, 1.00)
	Median (IQR)
	0.73 (0.62, 0.88)

	Range
	-0.59 to 1.00
	Range
	-0.59 to 1.00

	Missing
	214,787 (48.7%)
	Missing
	274,554 (51.7%)


	EQ5D, preoperative
	
	EQ5D, preoperative
	

	Median (IQR)
	0.26 (0.00, 0.62)
	Median (IQR)
	0.52 (0.06, 0.69)

	Range
	-0.59 to 1.00
	Range
	-0.59 to 1.00

	Missing
	176,497 (40.1%)
	Missing
	231,053 (43.5%)


	Total (unilateral primary hip replacements)
	Total (unilateral primary knee replacements)

	
	440,640
	
	531,524

	Oxford hip score, follow-up at 6 months
	
	Oxford knee score, follow-up at 6 months
	

	Median (IQR)
	42 (34, 46)
	Median (IQR)
	36 (28, 42)

	Range
	0 to 48
	Range
	0 to 48

	Missing
	214,080 (48.6%)
	Missing
	275,089 (51.8%)


	Oxford hip score, 3 months or closer to primary surgery
	
	Oxford knee score, 3 months or closer to primary surgery
	

	Median (IQR)
	17 (11, 23)
	Median (IQR)
	18 (12, 23)

	Range
	0 to 48
	Range
	0 to 48

	Missing
	173,399 (39.4%)
	Missing
	227,822 (42.9%)


	EQ5D, follow-up at 6 months
	
	EQ5D, follow-up at 6 months
	

	Median (IQR)
	0.80 (0.69, 1.00)
	Median (IQR)
	0.73 (0.62, 0.88)

	Range
	-0.59 to 1.00
	Range
	-0.59 to 1.00

	Missing
	214,787 (48.7%)
	Missing
	274,554 (51.7%)


	EQ5D, 3 months or closer to primary surgery
	
	EQ5D, 3 months or closer to primary surgery
	

	Median (IQR)
	0.26 (0.00, 0.62)
	Median (IQR)
	0.52 (0.06, 0.69)

	Range
	-0.59 to 1.00
	Range
	-0.59 to 1.00

	Missing
	176,497 (40.1%)
	Missing
	231,053 (43.5%)


	EQ-5D Health Scale Change
	
	EQ-5D Health Scale Change
	

	Mean (SD)
	8.9 (22.8)
	Mean (SD)
	3.4 (20.9)

	Median (IQR)
	6 (-5, 20)
	Median (IQR)
	1 (-9, 15)

	Range
	-100 to 100
	Range
	-100 to 100

	Missing
	233,271 (52.9%)
	Missing
	296,581 (55.8%)








[bookmark: _Toc15393236]Chapter 3 Patient Forum
[bookmark: _Toc15393237]Introduction  
Among priorities identified through the work of the James Lind Alliance (JLA) Priority
Setting Partnership for Hip/Knee Replacement was the need to involve patients to identify the outcomes that matter most to them (patient identified outcomes)29. We utilised the University of Bristol Musculoskeletal Research Unit’s (MRU) patient involvement group: the ‘Patient Experience Partnership in Research’ (PEP-R)30. PEP-R comprises twelve patients with musculoskeletal conditions, most of whom have had joint replacement, all of whom have had experience of long-term pain.				

[bookmark: _Toc15393238]Methodology
The session was organised and facilitated by Amanda Burston (PPI co-ordinator based at the University of Bristol’s MRU). At the forum session, patients were provided with a plain English description of the project and the outcome measures available in the datasets, sent out in advance, along with information on patient and public involvement in research. In the session the PPI co-ordinator fostered discussion about the different outcome variables and using consensus techniques captured patients views about the outcomes that matter most to them. Views were linked to service users own individual experiences that they were encouraged to share with others.

At the end of the meeting, the group’s views were collated and drafted into a brief report that was sent out to group members after the meeting. The meetings lasted around 2 and a half hours, and include a comfort break, refreshments and chance for discussion. Patients were reimbursed for their time and expenses.			
[bookmark: _Toc15393239]Results
Prior to the meeting the group were given a list of eight outcomes for consideration and discussion: length of stay, readmission, reoperation, revision surgery, complications, mortality, Oxford hip and knee scores on pain and function, Euroqol EQ5D quality of life scores. The meeting began by refreshing the group on what the research project was about in relation to work package 1 (variation in patient outcomes of surgery) and work package 2 (enhanced recovery pathway). The group were then asked to evaluate which patient outcomes are most important to them.

Top outcomes
1. Pain and function
It was suggested that when presenting geographic variation in outcomes of surgery, we should consider stratifying according to pre-operative pain and function. The group agreed that stability and mobility is important.

2. Complications
Infection was the main issue. Everyone thought infection was important. However, this was in the context of hospital acquired infection such as MRSA, rather than an infection in the hip or knee joint related to the operation itself. From earlier consultations with surgeon co-applicants it was found that surgeons worry about different complications to patients. Surgeons are more worried about DVT rather than infection.

Mid outcomes
3. Length of stay
It was agreed that the right length of stay was not one size fits all as there is no point in being sent home early if the support is not in place. The group agreed that length of stay was an important outcome but very dependent upon the level of support at home.

Revision/reoperation/readmission 
The group felt that revision, reoperation and readmission should be evaluated as one outcome. It was thought that if reoperation was 5 years later rather than 10-20 years later it would have a very different sentiment for the patient. 

Mortality
Rate of mortality was ranked low by the group but it was thought that patient’s families may rank the outcome higher. 

Other important outcomes and areas of discussion
• Choice of pain relief 
• Patient education on both pain relief and physiotherapy 
• Continuity of care
• Length of time between discovery of problem and operation. This fed into the need to stratify according to pre-operative pain and function when looking at patient outcomes, as the time taken to get to surgery can have an effect.
• Managing expectations. A group member explained that a friend who had recently had a knee operation was disappointed with the results as she expected to be able to go back
to line dancing club two-three times a week without pain or difficulty with her knee.
• The group agreed that patient satisfaction and overall outcomes are dependent upon the
patient’s overall outlook and positivity. It was also thought that if there is a long time between diagnosis and surgery then the patient becomes that much older but the operation is not going to wind the clock back.

The group felt that the maps describing geographical variation in outcome need to be clear to patients about what hospitals include e.g. some hospitals do not take more complex patients. Some group members explained that they chose certain hospitals because of reputation and ‘word of mouth’. One group member said that they found it difficult to find any information on outcomes when choosing a hospital but that they made a final choice of hospital on infection rate. It was explained to the group that for all outcomes, patient data will be adjusted for patient situation and co-morbidities.

[bookmark: _Toc15393240]Chapter 4 Identification of hospital organisation and surgical factors as determinants of geographical variation in patient outcomes and NHS costs
[bookmark: _Toc15393241]Aims 
Use the NJR-HES-PROMs linked datasets to identify patient, surgical and hospital organisational factors that can explain geographical variation in patient outcomes. 	
	
[bookmark: _Toc15393242]Methodology		
[bookmark: _Toc15393243]Data source and sample size
Hospital organisational factors from the HCHS Workforce Statistics, the Bed Availability and Occupancy Data, and the Supporting Facilities data, were linked to the NJR-HES-PROMs data via the hospital provider code. Details of the NJR-HES-PROMs linked data have been previously described in chapter 2. For this analysis we use the most recent three years of data from 2014 to 2016.

Main outcome measures
The primary outcomes of interest are informed by the findings of the patient forum (as described in chapter 3). As a measure of patient reported pain and function, we used the absolute change in Oxford Hip and Knee scores (OHS and OKS)26 27. Each question is scored between 0 meaning worse symptoms and 4 denoting least symptoms. Scores from these 12 questions are added getting a total score spanning from 0 the worst possible and 48 the best possible score. We calculated the difference between the total scores 6-months after the operation and at baseline to obtain a measure of change associated with the surgery.

Further outcomes included the proportion of complications at 6-months after surgery. For a list of the ICD 10 codes used to identify complications of surgery see Report Supplementary Material File 1. We defined complications as one or more from the following list: stroke (excluding transient ischaemic attack), respiratory infection, acute myocardial infarction, pulmonary embolism/deep vein thrombosis, urinary tract infection, wound disruption, surgical site infection, fracture after implant, complication of prosthesis, neurovascular injury, acute renal failure and blood transfusion. For a list of the OPCS4 codes used to identify blood transfusion complication see Report Supplementary Material File 2. Length of stay was calculated as the number of days between the hospital admission and discharge date. We estimated the inpatient cost relating to the index episode using NHS reference costs from 2015/1631. We estimated the mean cost per bed day based on the healthcare resource use (HRG) for each patient and their LOS. For methods to support the estimation of bed day cost see Report Supplementary Material File 3.

[bookmark: _Toc15393244]Predictor variables
Patient level characteristics (Case-mix)
Age, gender, body mass index (BMI), area deprivation, rurality, ethnicity, Charlson co-morbidity index, ASA grade, baseline OHS/OKS, baseline EQ5D, calendar year of primary THR/TKR, primary indication.

Surgical factors
Whether or not a minimally invasive technique was used; annual surgeon volume/case load, grade of operating surgeon, surgical approach, patient position, implant fixation, type of mechanical or chemical thromboprophylaxis, anaesthetic type, type of bone graft if used.



Hospital organisational factors
Unit type (public, private, independent sector treatment centre). As a measure of centralisation of services, we calculate the annual volume of procedures performed in each hospital trust. From the quarterly hospital surveys, we have information on: Hospital staffing according to FTE of speciality groups (Trauma and orthopaedic surgery, Rehabilitation medicine), and staff grades (Consultants, middle grade doctors, Trainee doctors). Data on bed availability within speciality groups (Trauma and Orthopaedics, Rehabilitation). We further obtained data on numbers of available operating theatres including the number of dedicated day case theatres.

Exclusion criteria
We included only patients receiving planned surgery (Figure 3) between 2014 and 2016. We excluded patients without information for the 2001 census lower layer super output area (LSOA). Patients with missing data for LOS were also excluded. We excluded patients without information on baseline and/or 6-months follow-up OHS/OKS scores for the analysis of change in OHS/OKS.  



Patients with primary total or primary unicompartmental knee replacement (841,296)

Not matched with lower layer super output area (315,239; 37.5%)

Surgery before 2014 or after 2016 (315,332; 37.5%)

Patients with primary primary total or primary unicompartmental knee replacement (210,725) used in the analysis of length of stay, bed day costs, complications, and revisions

Missing data for Oxford knee score change (115,113; 54.6%)
Patients in the analysis of Oxford knee score change (95,612) 
Patients with primary hip replacement (746,749)

Not matched with lower layer super output area (306,418; 41.0%)

Surgery before 2014 or after 2016 (267,532; 35.8%)

Patients with primary hip replacement (173,107) used in the analysis of length of stay, bed day costs, complications, and revisions

Missing data for length of stay (1; <0.1%)

Missing data for Oxford hip score change (89,606; 51.8%)
Patients in the analysis of Oxford hip score change (83,501) 












Figure 3. Flow diagram showing selection of patients for inclusion in this study (navy shows inclusion and light blue shows exclusion).

Sample size
To account for clustering within the data (patients nested within CCGs) we need to inflate the required sample size by the design effect [1 + (n-1)p] (p is the intra-cluster correlation (ICC) and n the mean cluster size). From our previous work the ICC was 0.0135 for hip and 0.014 for knee replacement32. There are 207 CCGs in England and the CCG is the cluster. If we expect to have 100 patients from each CCG group, the design effect is (1 + 99*0.014) = 2.4.
For Oxford hip and knee score outcomes, the minimally important difference between groups33 34 has been estimated to be 5, with a standard deviation of 10. Using a 2-sided 2-sample t-test, with 90% power, at a 5% level of significance, to detect a difference in mean OHS/OKS of 5, requires a sample size of 85 in each exposure group. Assuming a 50% response rate to the 6-month follow up OHS/OKS questionnaires, inflates the sample size to 170 per exposure group. The required sample size per exposure group adjusted for clustering is 2.4*170 = 408. Several exposure variables will be considered in the model. Including up to 50 degrees of freedom would require a sample size of around 20,000 patients, assuming equal size exposure groups. Hence, we are more than adequately powered. We note that this does not account for multiple testing. 

For the other binary outcomes, for complications of both THR and TKR, within 6-months of operation, rates of stroke and MI were under 0.5%, anaemia, UTI, wound infection and PE/DVT were below 3%35. The NJR annual report shows 90-day mortality of 0.5% and 1-year mortality of 1.5%. Rates of revision are around 5% at 10-years, and revision/re-operation higher at up to 20%36. For the rarest outcomes, to detect a difference in proportions of 0.5% versus 1%, using a 2-sided, 2-sample chi-squared test, with 90% power at a 5% level of significance, requires 6650 patients per exposure group. As HES encompasses elective admissions to all English hospitals we expect no loss to follow up as this information would be captured. For the design effect of 2.4 (where we assume the same ICC as above) the sample size increases to 15,960 per degree of freedom. Hence even for these rarest outcomes, with an actual sample size of > 350,000, we can still include over 20 degrees of freedom in the model.

Geographical variables
Within our HES dataset, the smallest level of geography available to us is the lower level super output area (LLSOA) that a patient lives in. LLSOA have a population between 1000 to 3000, and between 400 to 1200 households. There are 32,482 LLSOA in England as of 2001. For the multilevel analysis we use this as an intermediate level between the patient level and the CCG level. From the ONS Open Geography Portal, we obtained a polygon shapefile for the 2017 Clinical Commissioning Group (CCG) areas in England. Maps were produced using these boundaries.

We start by looking at the structure of the geographical data (CCG areas) for a hospital that a patient is treated in. To do this, we use the ArcGIS software to do a point-in-polygon overlay, providing a spatial join of the hospital points with the CCG areas. This shows us that there are CCG areas that do not have any hospitals within them. For knee replacement, there are 173 CCGs that have a hospital contained within their boundary (175 for hips). Hence out of the 207 CCG areas, there are 34 that don’t have a hospital in their boundary for hips and 32 for knees. For this analysis we want a ‘nested dataset’ – currently if our data structure is to have patients within hospitals within CCGs, it does not work as there are CCG areas with no hospitals in, and so would appear blank on a CCG map of England when displaying outcomes of surgery.

To have a nested data structure, we instead will base this on the CCG area for a LLSOA that a patient lives in. By doing a spatial join of the LLSOA points with the 2017 CCG polygon file, this provides us with a nested dataset of patients (level 1) within LLSOA (level 2) within CCG (level 3) (table 5).

Table 5. Nested structure of the dataset (2014 to 2016) for multilevel modelling
	Classification number
	Classification
	Number of units TKR/UKR
	Number of units 
THR

	3
	NHS Clinical Commissioning Groups (CCGs)
	207
	207

	2
	2001 Census Lower Layer SOA code for England
	31,715
	30,850

	1
	Patients 
	210,725
	173,107



However, with this structure to the data, we now need to allocate a hospitals organisational characteristic according to the LLSOA areas. This is done by using a spatial join based on the distance between two points (hospital and LLSOA). For each LLSOA, we can then identify the nearest hospital, and attribute the hospitals characteristics to that LLSOA area.

[bookmark: _Toc15393245]Statistical analysis	
The hierarchical structure of the data consists of patients (level 1), nested within LLSOA (level 2), within CCGs (level 3).  Multilevel regression models are used to describe the association of patient, hospital organisation and surgical factors on patient outcomes of surgery. This controls for evidence of clustering in the data, by allowing outcomes to vary across LLSOA and CCGs. Failure to control for evidence of clustering can lead to estimates of standard errors that are spuriously precise and be a potential source of bias. Analyses are conducted separately for THR and TKR.
The general form of the multilevel model is given as:

where  is the outcome variable in patient i, in LLSOA j, in CCG k.  CONS is the constant term, the vector of explanatory variables,  is the LLSOA residual error term distributed ,  is the CCG residual error term distributed , and  is the individual level residual error distributed .

It is assumed that the set of random effects explain the clustering in the data, such that different observations in the same cluster are independent. We examine continuous outcomes (e.g. length of stay, OHS, OKS) using linear regression and binary outcomes (complications at 6-months) using logistic regression. Normal distributional assumptions are assumed for both linear and logistic multilevel regression models. We use normal probability plots, which plot the ranked residuals against corresponding points on a normal distribution curve, to assess our assumption that level 2 and 3 residuals are normally distributed.

In order to generate the predicted outcomes across the 207 CCGS, we first estimate the linear predictor, which is the sum of the betas for each patient i in the dataset. The overall predicted outcome in each CCG is then just the mean of the linear predictor for each CCG. 


To incorporate evidence of clustering, the Multilevel regression model has an estimate of the residual CCG variation.  This is additional CCG level variation in outcomes that is not explained by the variables in the regression model.  So, for each of the 207 CCGs k, we add the mean of the linear predictor, to the CCG level residual.
  

We fit the following models: 1) Null model of the actual observed outcomes, 2) Model that adjusts for patient case-mix variables, 3) Model further adjusting for surgical variables, 4) Model adjusting for hospital organisational variables. Analyses were conducted using Stata version 15.1 statistical software (StataCorp, College Station, Texas). Multilevel analysis were imported to Stata from MLwiN version 3.00 (Centre for Multilevel Modelling, University of Bristol) using the Stata command runmlwin.

[bookmark: _Toc308300712][bookmark: _Toc311366519][bookmark: _Toc15393246]Results
Between 2014 and 2016 there were 173,107 primary THR and 210,275 TKR (Figure. 3). ≈60% of patients were women; the average age was ≈69 years. Mean BMI at primary surgery was obese ≈30 kg/m2. The ASA grade of patients was “mild” or “fit” for 83%. Additional patient, surgical and hospital organisation factors are summarised for hip replacement and TKR/UKR in Suppplementary Appendix 1, Table A125.

Predictive variables
Length of stay
Patients aged 80+; in ASA grades 3 and 4, and with two or more comorbidities had longer LOS (Suppplementary Appendix 1, Tables A2.a26 and Appendix 1, Table 27A2.b). Shorter LOS was seen in private hospitals or private treatment centres, and better quality of life scores (EQ5D). Hospitals with 100 or more beds available overnight for trauma and orthopaedics had longer LOS for THR than hospitals with less than 35 beds. Knee implants different than bicondylar (unicondylar, hinged, linked, custom or preassembled) had shorter LOS for patients undergoing knee surgery.

OHS and OKS change
[bookmark: _Hlk13558954]Greater absolute change of OHS and OKS was associated with better pre-operative EQ5D score (Suppplementary Appendix 1, Tables A3.a28 and A3.bAppendix 1, Table 29).  Greater change in OHS was associated with bigger femoral head size (≥44 mm) and less deprived areas. Patients aged 60+ had greater change in OKS score. Smaller improvements were associated with worse condition for operation (ASA grade 3 and 4), and patients with comorbidities for both OHS and OKS outcomes.

Complications at 6-months
Older patients (80-84, 85 or older), with comorbidities and worse ASA grades had higher probabilities to develop a complication in the following 6 months (Appendix 1,Suppplementary Tables A4.a30 and A4.bAppendix 1, Table 31). Thromboprophylaxis based on aspirin and less than 200 hip replacements per year in the hospital were also related with complications at 6-months. Fewer complications were associated with minimally invasive hip replacement surgery. For TKR, private treatment centres and unicondylar, hinged, linked, custom or preassembled implants had a lower percentage of complications at 6 months.

Variation in outcomes
Length of stay
Observed mean LOS by CCG ranged between 2.5 to 6.2 days for THR; and 2.7 to 6.6 days for TKR. Variability across CCGs was high where 54 out of 207 had significantly shorter mean LOS and 58 CCGs longer mean LOS for THR (Figure. 4). Variability between CCGs was even more marked for patients undergoing TKR with 72 CCGs with significantly shorter mean LOS and 62 CCGs longer mean LOS (Figure. 5). Table 6 shows the 5 CCGs with shortest estimations for mean LOS (≈3 days) and the 5 CCGs with the longest mean estimations (≈6-7 days) for THR and TKR patients, respectively. Maps of England with CCG boundaries show the London region had longer mean LOS while North England and the East coast have shorter mean LOS for both THR and TKR (Figures. 6 and 7). Mean bed-day costs ranged between £4727 (SD £1026) in NHS Scarborough and Ryedale CCG (within Yorkshire and the Humber region) and £8800 (SD £1572) NHS Hillingdon CCG (within London region) for THR. Mean bed-day costs for TKR oscillated between £4758 (SD £1096) in NHS Scarborough and Ryedale CCG and £8692 (SD £1507) NHS Central London CCG.

OHS and OKS change
Observed mean OHS change by CCG ranged between 17.5 points and 24.9 points; and 11.2 points to 19.1 points for OKS. Estimated percentage of variation in OHS and OKS scores lying between CCGs was 1.0% and 1.3%, respectively. In turn, 4.0% and 5.7% of the variation in OHS and OKS scores was attributed to differences at the level of LLSOAs. Caterpillar plots exploring the variability for OHS change (Figure. 4) and OKS change (Figure. 5) show little variability between CCGs. However, they presented wide confidence intervals representing high variability within each CCG. Mean OHS improvement ranged between 24.6 points (SD 5.3) in NHS Mid Essex CCG (within East of England region) and 18.7 points (SD 6.2) NHS Brent CCG (within London region). Mean OKS improvement oscillated between 18.8 points (SD 4.2) in NHS Ipswich and East Suffolk CCG (within East of England region) and 13.1 points (SD 4.3) NHS City and Hackney CCG (within London region).

Complications at 6-months
Observed complications at 6 months by CCG ranged between 2.0% and 8.6% for THR; and 1.5% to 8.4% for TKR. Complications at 6 months showed low variability between CCGs for patients undergoing THR (Figure. 4) and TKR (Figure. 5). Complications at 6 months ranged between 3% and 5-6% for both patients with THR and TKR. CCG maps show the London region was associated with a higher percentage of complications. 





Table 6. Descriptive statistics of variables included in the hip and knee models (data from 2014 to 2016)
	Mean LOS (days)

	Hip replacements
	TKRs/UKRs

	5 shortest
	
	5 longest
	
	5 shortest
	
	5 longest
	

	CCG
	Predicted (SD)
	CCG
	Predicted (SD)
	CCG
	Predicted (SD)
	CCG
	Predicted (SD)

	Scarborough and Ryedale
	2.7 (1.0)
	 Hillingdon
	6.1 (1.8)
	Scarborough and Ryedale 
	2.9 (1.0)
	West London 
	6.6 (1.7)

	Hastings and Rother 
	2.9 (1.0)
	 Harrow
	6.1 (2.1)
	Northumberland 
	3.2 (0.7)
	Hammersmith and Fulham 
	6.6 (1.8)

	Hambleton, Richmondshire and Whitby 
	3.1 (0.8)
	 Camden
	6.1 (1.9)
	Bassetlaw 
	3.3 (1.4)
	Camden 
	6.5 (1.8)

	Northumberland 
	3.1 (0.9)
	 Barnet
	5.8 (2.0)
	Hastings and Rother 
	3.4 (1.0)
	Central London (Westminster) 
	6.1 (1.6)

	High Weald Lewes Havens 
	3.3 (1.4)
	Central London (Westminster)
	5.7 (2.0)
	Salford 
	3.4 (1.0)
	Barnet 
	6.1 (1.6)

	Mean of bed-day costs (£)

	Hip replacements
	TKRs/UKRs

	5 lowest
	
	5 highest
	
	5 lowest
	
	5 highest
	

	CCG
	Predicted (SD)
	CCG
	Predicted (SD)
	CCG
	Predicted (SD)
	CCG
	Predicted (SD)

	Scarborough and Ryedale 
	4727 (1026)
	 Hillingdon 
	8800 (1572)
	Scarborough and Ryedale 
	4758 (1096)
	Central London (Westminster) 
	8692 (1507)

	Hastings and Rother 
	4880 (1051)
	 Harrow 
	8647 (1881)
	Northumberland 
	4930 (720)
	City and Hackney 
	8686 (1247)

	 Northumberland 
	4998 (867)
	 Camden 
	8250 (1561)
	Bassetlaw 
	4960 (1329)
	Lewisham 
	8676 (1585)

	 Hambleton, Richmondshire and Whitby 
	5187 (908)
	 Barnet 
	8132 (1788)
	Hastings and Rother 
	5294 (1050)
	West London 
	8639 (1438)

	 High Weald Lewes Havens 
	5219 (1305)
	 Waltham Forest 
	8060 (1710)
	Salford 
	5344 (1008)
	Camden 
	8600 (1493)

	Mean OHS change (points)
	Mean OKS change (points)

	5 highest
	
	5 lowest
	
	5 highest
	
	5 lowest
	

	CCG
	Predicted (SD)
	CCG
	Predicted (SD)
	CCG
	Predicted (SD)
	CCG
	Predicted 
(SD)

	 Mid Essex 
	24.6 (5.3)
	 Brent 
	18.7 (6.2)
	Ipswich and East Suffolk 
	18.8 (4.2)
	City and Hackney 
	13.1 (4.3)

	 Ipswich and East Suffolk 
	24.1 (4.9)
	 Islington 
	19.1 (6.4)
	Eastern Cheshire 
	18.5 (4.2)
	Newham 
	13.4 (4.3)

	 Stoke on Trent 
	24.1 (5.0)
	 Harrow 
	19.2 (6.6)
	Castle Point and Rochford 
	18.5 (4.0)
	Islington 
	13.6 (5.4)

	 Scarborough and Ryedale 
	23.7 (5.4)
	 Kingston 
	19.4 (6.6)
	Warrington 
	18.5 (4.2)
	Brighton and Hove 
	13.7 (4.5)

	 Nene 
	23.6 (5.3)
	 Croydon 
	19.4 (5.9)
	Nene 
	18.5 (4.2)
	Barnet 
	13.8 (4.7)

	Mean of complications at 6 months (%)

	Hip replacements
	TKRs/UKRs

	5 lowest
	
	5 highest
	
	5 lowest
	
	5 highest
	

	CCG
	Predicted (SD)
	CCG
	Predicted (SD)
	CCG
	Predicted (SD)
	CCG
	Predicted (SD)

	 High Weald Lewes Havens 
	3.0 (2.4)
	 Tower Hamlets 
	5.4 (4.1)
	Hull 
	2.9 (1.4)
	Herts Valleys 
	5.8 (2.7)

	 Leeds West 
	3.1 (1.9)
	 Newham 
	5.3 (3.2)
	Dartford, Gravesham and Swanley 
	2.9 (1.4)
	South Devon and Torbay 
	5.7 (3.1)

	 Solihull 
	3.2 (2.0)
	 Camden 
	5.2 (3.4)
	Calderdale 
	2.9 (1.5)
	Tower Hamlets 
	5.5 (2.4)

	 Herefordshire 
	3.2 (2.0)
	 Enfield 
	5.1 (3.0)
	Hambleton, Richmondshire and Whitby 
	3.1 (1.4)
	Camden 
	5.4 (2.8)

	 West Leicestershire 
	3.2 (2.1)
	 Hillingdon 
	5.0 (3.3)
	Erewash 
	3.1 (1.6)
	Newham 
	5.4 (2.7)
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[image: Screen%20Shot%202018-11-30%20at%2012.51.51.png]
Figure 4. Caterpillar plot showing variation in outcomes across CCGs (hip replacement)
[image: Screen%20Shot%202018-11-30%20at%2012.53.44.png]
Figure 5. Caterpillar plot showing variation in outcomes across CCGs (knee replacement)

[image: Screen%20Shot%202018-11-30%20at%2012.55.43.png]
Figure 6. Map of patient outcomes across 2017 CCGs (hip replacement)

[image: Screen%20Shot%202018-11-30%20at%2012.57.34.png]
[bookmark: _Toc308300722][bookmark: _Toc311366529]Figure 7. Map of patient outcomes across 2017 CCGs (knee replacement)

[bookmark: _Toc15393247]Discussion
[bookmark: _Toc308300727][bookmark: _Toc311366534]Main findings
There is substantial variation in patient outcomes of THR and TKR across CCG areas. This variation remained after adjusting for patient case-mix and surgical factors. Hospital organisational factors had little to no influence on explaining this variation.

Strengths/limitations
Strengths of the study include use of the NJR dataset, which is the largest arthroplasty dataset in the world, allowing us to generalise the results to the UK. The NJR has near complete coverage of all operations, particularly in the most recent years of data. Linkage to HES allowed us to examine a wide range of confounding factors, and enabled us to link in hospital organisational factors, however the limitation of this is that analysis was restricted to England only, and private operations are not included in the HES dataset. The large sample size has allowed us to explore geographical variation in rare complications. The main limitations of the study are missing data, which was particularly prevalent for the hospital organisation factors. To overcome this, we used multiple imputation methods, but only single imputation was possible given the complexity of the multilevel regression models fitted. 

What is already known
A large number of studies within the literature have identified factors predictive of patient outcomes of THR and TKR. In respect of patient case-mix variables, it has been shown that baseline levels of pain and functional disease severity37-44, age39 42 45 46, gender39 41 47, obesity41 45 48, co-morbidities39 41 44, and social deprivation43 are all related to patient reported outcomes of pain and function. Less is known about predictors of complications of surgery, although we have previously shown such complications are rare with obesity associated with small but clinically insignificant effects35. Predictors of LOS is less commonly studied, with literature mostly relating to enhanced recovery interventions, where our work in chapter 5 shows that age and co-morbidity are associated with longer LOS. Much of this work on predictors of outcomes of THR and TKR is formally synthesied within large systematic reviews49 and in the published report of the NIHR Programme Grant (COASt Clinical Outcomes in Arthroplasty study)50.  

We have previously demonstrated evidence of geographical variation and inequity in access to THR and TKR for patients operated in 2002 (between 12 and 14 years before the patients in our study were operated)6. However, in those patients that navigate through the care pathway and obtain access to joint replacement surgery there has been little research exploring geographical variations in outcomes of surgery. A previous NIHR HS&DR study by Street et al used HES data to explore variation in PROMs for THR and TKR across hospitals in England9. Using multilevel regression modelling, they look at whether patient factors (age, gender co-morbidity, deprivation) and hospital factors (volume, teaching hospital) predicted: (a) health outcomes (EQ5D, OHS, OKS); (b) resource use (length of stay, hospital costs). The key findings being significant unexplained variation among hospitals in both health outcomes and resource use. This is consistent with the findings of our study; however, our research takes this forward by looking at variation in other relevant outcomes (complications, length of stay), and looking at a broader range of patient, surgical and hospital organisational factors as predictors of geographical variation in outcomes. Our findings suggestive that such factors do not explain this variation. Hence there are likely other unmeasured historical organisational factors and processes specific to individual local hospitals that may explain why such variation exists. Specifically, we have shown that it cannot be explained by “our population is different” as we have well accounted for patient case-mix factors.
[bookmark: _Toc531286059]
[bookmark: _Toc15393248]Conclusions
We have identified potentially unwarranted variations in patient outcomes of THR and TKR. This variation cannot be explained by differences in patient’s case mix, surgical factors, or hospital organisational factors. This information is informative to patients in making a decision in where they have their surgery, and to commissioners in monitoring variations in outcomes of surgery.


[bookmark: _Toc15393249]Chapter 5: Natural experiment to determine the clinical and cost-effectiveness of the enhanced recovery treatment pathway
[bookmark: _Toc15393250]Aims	
To assess whether implementation of the UK Department of Health national Enhanced Recovery After Surgery (ERAS) Programme in THR and TKR has had an impact on trends in LOS, bed day costs, PROMs, complications and revision surgery.	

[bookmark: _Toc15393251]Methodology		
[bookmark: _Toc15393252]Data sources	
NJR-HES-PROMs linked datasets (see chapter 2).

[bookmark: _Toc15393253]Outcomes	
LOS, cost per bed day, absolute change in OHS and OKS complications at 6-months after surgery (see chapter 4 for details). The rate of revision up to 5 years after primary THR/TKR was also evaluated. This included revisions declared to the NJR registry by the surgeons and revisions reported to HES. We specified our analysis time in years reporting the rate as number of revisions per 1000 implant-years. For a list of the OPCS4 codes used to identify hip revision see Report Supplementary Material File 4, and for knee revision see Report Supplementary Material File 5.

[bookmark: _Toc15393254]Intervention
The primary exposure (‘intervention’) is the period the new enhanced recovery pathway was introduced (between April 2009 to March 2011).
There is likely to be variation in the dates individual hospitals introduced ERAS, and variation in the type of ERAS service a hospital has adopted. Hence, in addition to looking at the national picture, we have looked at individual trusts in a Region of England. In this region, adoption of enhanced recovery in Orthopaedics was monitored by the Musculoskeletal (MSK) Clinical Leaders Network when the pathway was being introduced to hospitals in 2009 and 2010. As such, information is available on the dates individual hospitals in the region introduced their programmes. As outcomes of revision surgery and complications are rare, we focus just on outcomes of LOS and PROMs for the analysis of individual hospitals.

[bookmark: _Toc15393255]Potential modifiers
We evaluated whether trends in LOS and OHS/OKS over time differed by age (18-59, 60-69, 70-79, 80-84, ≥85 years) and presence of co-morbidities (yes/no). For a list of the ICD 10 codes used to identify co-morbidities see Report Supplementary Material File 6.

[bookmark: _Toc15393256]Statistical analysis	
We used a natural experimental study design51. We evaluated the ERAS impact on trends before, during and after the implementation of the intervention.52 53. The timing of implementation of ERP varied by trust and was assumed to span the 2 years of the implementation period (April 2009 to March 2011). To do so, we described the trends by calculating monthly outcomes, being means (LOS, bed costs, OHS, OKS), proportions (complications), rates (revision), together with their 95% confidence intervals. We estimated a fractional polynomial over the study period and plotted the resulting curve along with the confidence interval.

In interrupted times series studies, sample size calculations are related to the estimation of the number of observations or time points at which data will be collected54. According to the quality criteria of Ramsey et al, at least 10 pre- and 10 post-data points would be needed to reach at least 80% power to detect a change (if the autocorrelation is >0.4)55.  Our outcomes will be estimated at monthly intervals and, as autocorrelation is unknown, we will allow at least 2 years either side of the date of interest (24 pre and 24 post-data points).

We used an interrupted time series approach to estimate changes in outcomes during and immediately following the intervention period while controlling for baseline levels and trends. We modelled aggregated data points of each outcome of interest by month using segmented linear regression52.

Yt = β0 + (β1 * time t) + (β2 * ERAS0) + (β3 * time after ERAS0) + (β4 * ERAS end) + (β5 * time after ERAS end) + et.
The equation used on trusts in the South-Central Region excluded the intervention period because this was assumed to be a date point:
Yt = β0 + (β1 * time t) + (β4 * ERAS end) + (β5 * time after ERAS end) + et.
Here, Yt is the mean LOS; mean OHS/OKS change; mean proportion of 6-month complications; and mean 5-year revision rate (taking place in month t). “time” is a continuous variable representing number of months from the start of observation period (i.e., April 2008) at time t. β0 estimates the baseline level of the outcome at the beginning of the time series (i.e., April 2008). β1 estimates the trend before ERAS implementation. β2 is the change in level immediately following the intervention. β3 estimates the change in the trend in the monthly mean after ERAS started (i.e., ERAS implementation trend). β4 is the change in level immediately following the end of the intervention. β5 estimates the change in the trend in the mean monthly number or rate (depending of outcome) after ERAS ended (i.e., ERAS post-implementation trend). We checked the autocorrelation with the previous month, two months… until the previous 12 months using Durbin's alternative test56. Autocorrelation would invalidate the interpretation of the model. For this reason, we estimated the linear regression models with Newey-West standard errors57. Parsimonious models were generated using the variables selected through backward regression. 
Separate models are fitted for THR and TKR. All analyses were conducted using Stata version 13.1 statistical software (StataCorp, College Station, Texas).
	


[bookmark: _Toc531286068][bookmark: _Toc15393257]National Results
Length of stay
For THR, LOS decreased from 5.6 days in April 2008 to 3.6 days in December 2016 (Figure 8) (For TKR 5.7 to 3.6 days) (Figure 9). Prior to ERAS, LOS was already decreasing significantly (Table 7). The rate of reduction in mean LOS was higher during the implementation period (April 2009 to March 2011), before declining at a slower rate afterwards (April 2011 to December 2016).

Although older patients had a longer LOS, the secular trends in decreasing LOS were observed across all age groups (e.g. for THR 4.7 to 3.0 days in those age 18-59 and 8.1 to 5.3 days in age ≥85) (Figures 10 and 11). Secular trends also decreased in patients with and without pre-existing co-morbidity (Figures 12 and 13). 

[image: ]  
Figure 8. Trends in outcomes following primary hip replacement in England, UK, 2008- 2016, by month.

2A, length of stay at hospital; 2B, change in self-reported pain and function, measured using Oxford hip score (OHS) at baseline and 6 months after the surgery; 2C, any complication in the following 6 months after primary hip replacement;2D, hip revision in the following 5 years; enhanced recovery after surgery programme implemented in England from April 2009 to March 2011, ERAS.
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Figure 9. Trends in outcomes following primary TKR/UKR in England, UK, 2008- 2016, by month.

2A, length of stay at hospital; 2B, change in self-reported pain and function, measured using Oxford knee score (OKS) at baseline and 6 months after the surgery; 2C, any complication in the following 6 months after primary TKR/UKR; 2D, knee revision in the following 5 years; enhanced recovery after surgery programme implemented in England from April 2009 to March 2011, ERAS.
 
Table 7. Temporal trends in patients undergoing planned primary hip replacement from April 2008 to December 2016. Parsimonious models with Newey-West standard errors.
	Parameter
	Coefficient
	Lower 95% CI
	Upper 95% CI
	P-value

	LOS
	
	
	
	

	Intercept
	5.674
	5.655
	5.693
	<0.001

	Monthly trend
	-0.020
	-0.023
	-0.017
	<0.001

	Level change ERAS0
	0.176
	0.120
	0.232
	<0.001

	Trend change after ERAS0
	-0.013
	-0.017
	-0.009
	<0.001

	Level change ERASend
	-0.102
	-0.203
	-0.001
	0.049

	Trend change after ERASend
	0.019
	0.015
	0.022
	<0.001

	OHS 6 months – OHS baseline
	
	
	
	

	Intercept
	17.063
	16.896
	17.230
	<0.001

	Monthly trend
	0.158
	0.130
	0.186
	<0.001

	Level change ERAS0
	0.772
	0.538
	1.006
	<0.001

	Trend change after ERAS0
	-0.131
	-0.161
	-0.101
	<0.001

	Level change ERASend
	0.564
	0.208
	0.920
	0.002

	Trend change after ERASend
	-0.013
	-0.025
	-0.001
	0.039

	Complication by 6 months
	
	
	
	

	Intercept
	4.044
	3.465
	4.624
	<0.001

	Monthly trend
	-0.078
	-0.096
	-0.061
	<0.001

	Level change ERAS0
	─
	─
	─
	─

	Trend change after ERAS0
	─
	─
	─
	─

	Level change ERASend
	─
	─
	─
	─

	Trend change after ERASend
	0.078
	0.056
	0.100
	<0.001

	Revision rates by 5 years
	
	
	
	

	Intercept
	5.940
	5.820
	6.060
	<0.001

	Monthly trend
	─
	─
	─
	─

	Level change ERAS0
	─
	─
	─
	─

	Trend change after ERAS0
	-0.098
	-0.105
	-0.090
	<0.001

	Level change ERASend
	─
	─
	─
	─

	Trend change after ERASend
	0.103
	0.068
	0.139
	<0.001



Confidence intervals, CI; length of stay at hospital, LOS; Oxford hip score, OHS; Enhanced Recovery After Surgery, ERAS; start point of ERAS intervention in April 2009, ERAS0; end point of ERAS intervention in March 2011, ERASend; ─, P ≥ 0.05.



Table 8. Temporal trends in patients undergoing planned primary knee replacement from April 2008 to December 2016. Parsimonious models with Newey-West standard errors.
	Parameter
	Coefficient
	Lower 95% CI
	Upper 95% CI
	P-value

	LOS
	
	
	
	

	   Intercept
	5.713
	5.688
	5.738
	<0.001

	   Monthly trend
	-0.029
	-0.031
	-0.026
	<0.001

	   Level change ERAS0
	0.151
	0.100
	0.202
	<0.001

	   Trend change after ERAS0
	─
	─
	─
	─

	   Level change ERASend
	-0.088
	-0.160
	-0.016
	0.017

	   Trend change after ERASend
	0.015
	0.012
	0.017
	<0.001

	OKS 6 months – OKS baseline
	
	
	

	   Intercept
	14.004
	13.842
	14.166
	<0.001

	   Monthly trend
	0.029
	0.024
	0.034
	<0.001

	   Level change ERAS0
	0.301
	0.029
	0.573
	0.030

	   Trend change after ERAS0
	─
	─
	─
	─

	   Level change ERASend
	─
	─
	─
	─

	   Trend change after ERASend
	─
	─
	─
	─

	Complication by 6 months
	
	
	
	

	   Intercept
	3.928
	3.727
	4.128
	<0.001

	   Monthly trend
	-0.056
	-0.084
	-0.029
	<0.001

	   Level change ERAS0
	-0.766
	-1.345
	-0.187
	0.010

	   Trend change after ERAS0
	─
	─
	─
	─

	   Level change ERASend
	0.293
	0.003
	0.584
	0.048

	   Trend change after ERASend
	0.054
	0.026
	0.082
	<0.001

	Revision rates by 5 years
	
	
	

	   Intercept
	5.986
	5.908
	6.063
	<0.001

	   Monthly trend
	─
	─
	─
	─

	   Level change ERAS0
	─
	─
	─
	─

	   Trend change after ERAS0
	-0.038
	-0.045
	-0.030
	<0.001

	   Level change ERASend
	─
	─
	─
	─

	   Trend change after ERASend
	0.050
	0.022
	0.079
	0.001

	
	
	
	
	


Total knee replacement, TKR; unicompartmental knee replacement, UKR; confidence intervals, CI; length of stay at hospital, LOS; Oxford knee score, OKS; Enhanced Recovery Pathway, ERP; start point of ERP intervention in April 2009, ERP0; end point of ERP intervention in March 2011, ERPend; ─, P ≥ 0.20.
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Enhanced recovery after surgery programme implemented in England from April 2009 to March 2011, ERAS.
Figure 10. Trends of length of stay at hospital following primary hip replacement according to age categories in England, UK, 2008 –2016, by month.
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Total knee replacement, TKR; unicompartmental knee replacement, UKR; enhanced recovery programme implemented in England from April 2009 to March 2011, ERP.
Figure 11. Monthly trends of length of stay at hospital after primary TKR/UKR according to age categories in England, UK. April 2008 – December 2016
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Enhanced recovery after surgery programme implemented in England from April 2009 to March 2011, ERAS.
Figure 12. Trends of length of stay at hospital following primary hip replacement by patients with/without comorbidities in England, UK, 2008 –2016, by month
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Total knee replacement, TKR; unicompartmental knee replacement, UKR; enhanced recovery programme implemented in England from April 2009 to March 2011, ERP.
Figure 13. Monthly trends of length of stay at hospital after primary TKR/UKR by patients with/without comorbidities in England, UK. April 2008 – December 2016

OHS and OKS change
Over the study period there was an improvement in PROMs, with an increment in OHS 6 months after surgery of 17.7 points in April 2008 to 22.9 points in December 2016 for THR (Figure 8) (for TKR 15.0 to 17.1 points) (Figure 9)). This secular trend was seen in patients with and without co-morbidities, and in all age groups except in those age ≥85 where the change in OHS and OKS was stable over the time period (Figures 14, 15, 16, 17).
The interrupted time-series model shows that prior to ERAS, OHS change significantly increased by 0.158% every month (Table 7). During the ERAS implementation (April 2009 to March 2011) the secular trend slowed down and continued to increase by just 0.027%. The subsequent period after the ERAS implementation (April 2011 to December 2016) remained stable. For the OKS model there is no impact of the intervention in the secular trend of OKS change (Table 8), although post intervention trends improved in the 60-69 and the 70-79 groups, 0.025% and 0.024%, respectively. 

[image: ]
Figure 14. Trends of OHS change following primary hip replacement according to age categories in England, UK, 2008 –2016, by month
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Figure 15. Monthly trends of OKS change after primary TKR/UKR according to age categories in England, UK. April 2008 – December 2016
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Figure 16. Trends of OHS change following primary hip replacement by patients with/without comorbidities in England, UK, 2008 –2016, by month
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Figure 17. Monthly trends of OKS change after primary TKR/UKR by patients with/without comorbidities in England, UK. April 2008 – December 2016

6,232 (1.6%) THR patients between April 2008 and March 2016 had one or more complication in the following 6 months. The proportion of complications at 6-months decreased from 4.1% to 1.7% (Figure 8). The interrupted time-series model shows that prior to ERAS, complication proportions decreased by -0.078% every month (Table 7). During the ERAS the secular trend increased by just 0.078%. The period after the ERAS intervention was stable.

For TKR the proportion of complications at 6-months decreased between the first and the last month of the study period from 4.1% in April 2008 to 1.7% in May 2016. The trend significantly declined before intervention (April 2008 to March 2009) by -0.056% (Table 8). The trend of 6-month complications slightly increased after the ERAS implementation (April 2011 to December 2016) by 0.054%.

5-year revision rates
3,392 (2.1%) THR patients between April 2008 and December 2011 had a hip revision in the following 5 years. Rates of 5-year hip revision per 1000 implant years decreased from a rate of 5.9 in April 2008 to 2.9 in December 2011 (Figure 8). 5-year hip-revision rates shows a significant downward trend of -0.098 per 1000 implants years during ERAS implementation (April 2009 to March 2011). The trend changed direction by increasing during the post-intervention period (April 2011 to December 2016) by 0.103 per 1000 implants years.
4,964 (2.6%) patients with a primary TKR between April 2008 and December 2012 had a knee revision in the following 5 years. Rates of 5-year knee revision per 1000 implant years slightly decrease from a rate of 6.6 in April 2008 to 5.4 in December 2011 (Figure 8). There was a significant downward trend of -0.038 per 1000 implants years during ERP implementation (April 2009 to March 2011). However, the trend significantly increased during the post-intervention period by 0.050 per 1000 implants years.

[bookmark: _Toc15393258]Results for individual hospitals in the South Central Region
Information was available from the MSK clinical leaders’ network on the dates of ERAS implementation for the following trusts (Table 9). These trusts were identified in the HES dataset through the hospital provider code.

Table 9. Hospitals in South Central region available for analysis
	                             
	Hips Freq.
	Knees Freq.
	Date of ERAS

	Hampshire Hospitals NHS Foundation Trust
	4,186
	5,134
	2009

	Southampton University Hospitals NHS Trust
	2,022
	2,445        
	Sept 2010

	Oxford University Hospitals NHS Foundation Trust
	5,770
	5,616        
	Oct 2011

	Royal Berkshire NHS Foundation Trust
	2,910
	2,977        
	Aug 2010

	Buckinghamshire Hospitals NHS Trust
	2,450
	3,094        
	June 2011

	Heatherwood and Wexham Park Foundation Trust
	5,671
	7,243        
	Sept 2010

	Portsmouth Hospitals NHS Trust
	4,133
	4,950        
	Oct 2010

	Isle of Wight NHS
	1,845
	2,151        
	2011



Length of stay
Reductions in LOS was observed across all the individual hospitals for both THR and TKR (Figures 18 and 19). However, there was notable variation between the individual trusts. For example, at the start of the study period in April 2008, length of stay was higher in some trusts than others. E.g. Southampton had a mean LOS of around 7 days, compared to 5 in Buckinghamshire, reflecting that these hospitals may have already implemented ERAS type pathways ahead of the national program. The greatest impact of ERAS was seen at Southampton and the Isle of Wight, where prior to implementing ERAS, LOS was stable and not changing, and after ERAS implementation LOS declined substantially. In many hospitals, formalising ERAS implementation saw no improvements in LOS, predominantly as mean LOS had already been declining, with little further reductions in LOS once ERAS was formally implemented.
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Figure 18. Length of stay after primary THR for hospitals in South Central region
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Figure 19. Length of stay after primary TKR for hospitals in South Central region
[bookmark: _Toc15393259]OHS and OKS outcomes
There does not seem to be any ecological correlation between hospitals trends in LOS and PROM outcomes (figures 20 and 21).  The overall trends tend to mirror that of the national picture.
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Figure 20. Change in OHS at 6-months after primary THR for hospitals in South Central region
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Figure 21. Change in OKS at 6-months after primary THR for hospitals in South Central region

[bookmark: _Toc15393260]Discussion
Outcomes of primary THR and TKR have been gradually improving over time, with a decrease in length of stay, improvement in patient reported outcomes of pain and function, decrease in complications, and reduction in 5-year revision risk. These trends of improving outcomes were seen across all age groups, and in those with and without co-morbidity and had begun prior to the introduction of the formal NHS ERAS roll out. These findings are positive, in highlighting that reductions in LOS have been achieved without adversely impacting on patient outcomes. 

We hypothesized that implementation of the national ERAS intervention would improve outcomes of primary THR/TKR by changing secular trends during and after its implementation. Our hypothesis was not confirmed, as implementation of ERAS did not influence these pre-existing secular trends. However, as we had a relatively short duration of follow up data prior to the ERAS implementation (April 2008 to March 2009), it is unclear how outcomes’ trends varied over a longer pre-intervention time period. 

Our assumptions, for this “natural experiment” of the implementation of ERAS, were that this large-scale intervention was implemented homogenously across all England NHS trusts spanning this 2-year period. Our data suggests that there was already an encouraging trend towards reduction in length of stay and improved outcomes that had begun prior to the official ERAS programme. This is likely to reflect early adoption of elements of ERAS methods in some Trusts, prior to the start of the Department of Health led programme in 2009. Not all hospitals had implemented the ERAS at the end of the planned period (March 2011)13. The survey on the spread and adoption of the ERAS carried out close to the end of the implementation (February 2011) by the Department of Health reported full implementation in 81 consultant teams, while about 20 had partially implemented ERAS, and about 30 still planned to implement ERAS. A limitation is the variation in interpretation and adoption across centres because what constitutes ERAS was not clearly established after the expected identification of best practices in the first year of the ERAS programme58. 

Our results show trends in outcomes that have been achieved in the context of an increasing strain on NHS funding and hospital budgets. NHS funding growth is much slower than the historical long term trend59. For THR, there are fewer hospital beds and wards have been closed. For example, the average daily number of occupied beds open overnight for trauma and orthopaedics for England between April and June 2010 was 10,015 while in October to December 2016 was 8,770. Conversely, the number of primary THR increased from 67,128 in 2008 to 87,733 in 20166 in England. It has been estimated that 97,516 total THR will take place to the year 203560. Therefore, efficiencies need to be made to meet this demand within existing or lower capacity. An important issue is the high variation in services and practices across hospitals in England. The Getting It Right First Time (GIRFT) programme aims to reduce discrepancies between hospitals showing diversity in activity volumes, implant choice, and guidelines follow-up61. The first GIRFT report was published in 2012, while the improving trends in outcomes in our study are detected since 2008. Although our results of a positive national trend are encouraging, there still remains substantial variation in outcomes between hospital trusts. In 2016, mean LOS varied between a low of 2.5 days to a high of 11.6, and OHS between 12.0 and 23.5 points. Hence although the national picture has improved for patients as a whole, there is still work to be done to reduce and understand unwarranted variations in outcome between individual hospitals.

Many studies supporting the implementation of ERAS pathways have been placed in single institutions or small trials62. Thus, they may not be generalizable to the wider population. Nevertheless, reductions in LOS prior to the official implementation of ERAS may reflect a commitment to improving the cost-effectiveness of this surgery which represents an important expenditure for the NHS63-65. Reduction in LOS has been reported in systematic reviews and randomised clinical trials comparing patients following an ERAS programme for colorectal and other planned surgeries against those under conventional care18. This reduction in days at hospital has been also observed for joint replacement surgeries in several studies. The type of ERAS for hip replacement differed among studies: physical therapy the same day of the surgery in the recovery room66; preoperative patient education, postoperative multimodal analgesia with periarticular injections, early physiotherapy and rehabilitation, and discharge home with an outpatient rehabilitation program67 68; patient and staff education on “enhanced recovery” principles, pre-admission medication, perioperative urinary catheterization, low-dose spinal anaesthesia, aim for same-day mobilization69; perioperative care (information, pain relief, nausea control, nutrition, mobilization, and elimination)70; preoperative patient seminar, treatment of pain (spinal anaesthesia) and early mobilization, standardised program in the operating theatre (tranexamic acid and no drains), 1-2 hours of multimodal fast-track rehabilitation regime, daily physiotherapy within the first 24 hours, multimodal oral opioid-sparing analgesia71, perioperative analgesic blocking peripheral nerve72. These studies involved too few patients (170, 57, 1256, 630, 28, 98, 15)66-72 to allow us to make generalizations at a nationwide level. Additionally, these studies were limited to only one hospital or trust. Moreover, they were focused on the comparison of the intervention with traditional management. Our study investigates whether the ERAS pathway has been successfully implemented comparing with a previous period without ERAS, as has been done in other studies67-69, but also, and for first time, comparing with the post-intervention period. Importantly, our study included all the hospitals of a whole country.

OHS change scores increased across the study period resulting in better scores (less pain and better function after the surgery) for patients in 2016 compared to 2008. A review on ERAS in THR shows that better improvement in pain and function scores could be related to making patients active participants in their recovery and to help them to manage their expectations64. 
A Cochrane review on preoperative education for THR/TKR did not find additional benefits over usual care73. However, non-significant reduction of pain and better function were reported to be associated with preoperative education.
6-month complications were decreasing until the implementation took place. Subsequently, the trend remained steady during the ERAS period and slightly increased following the intervention. A meta-analysis in colorectal surgery on several ERAS programmes did not find evidence of increased surgical complications74 (i.e. surgical site infections and anastomotic leakage), while medical complications were reduced in colorectal ERAS patients; cardiovascular, pulmonary and infectious complications).  Patients with diabetes undergoing hip and knee replacement under ERAS protocols reduce the additional risk for 
complications otherwise associated with operating on patients with diabetes75.

5-year revision surgery rates diminished across the study. Surveillance of revisions, using joint registries, have long been the main measure of primary surgical success/failure. Revision rates could have declined as a consequence of the recommendation of the UK National Institute for Health and Care Excellence (NICE) guidelines which state that only implants with a revision rate of 5% or lower at 10 years should be used in order to avoid surgeries using low-quality prostheses63. 

[bookmark: _Toc15393261]Conclusions
Our study shows that outcomes of THR/TKR are currently better than 10 years ago. LOS has declined substantially over the study period, consistent across all age groups and in people with and without co-morbidity. Reductions in LOS have been achieved without adversely impacting on patient outcomes. Patient reported outcomes in respect of pain and function have improved, revision rates are in decline and complication rates remain stable. The introduction of a national ERAS programme maintained improvement but did not alter the rate of change already underway.
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Chapter 6: Enhanced Recovery After Surgery implementation in practice: an ethnographic study of services for hip and knee replacement
[bookmark: _Toc15393263]Introduction
In this chapter, we present the qualitative component of the study. The qualitative research had two aims: 1) to understand the organisational processes that help or hinder the implementation of ERAS programmes for hip and knee replacement. This work was informed by concepts from the Consolidated Framework for Implementation Research (CFIR); 2) to explore patients’ experiences of ERAS for hip and knee replacement. This work used the ethnographer Mol’s work that explores how care processes are negotiated between healthcare professionals and patients. 

This chapter provides a brief background to this component of the study, describes the methods and presents the findings. The chapter ends with a discussion of how the qualitative findings relate to current literature. Findings and discussion will be presented in two parts. Part 1 describes findings that explore organisational processes that help or hinder the implementation of ERAS programmes for hip and knee replacement. Part 2 characterises patients’ experiences of ERAS for hip and knee replacement.

[bookmark: _Toc15393264]Background
As described in the previous chapters, there is there is substantial variation in how ERAS programmes for hip and knee replacement are delivered16, along with variation in health outcomes9. The qualitative research worked towards an understanding of ERAS in practice. This provides detail of the processes that enable ERAS to be embedded in healthcare and how patients experience ERAS in the care that they receive.

To provide structure and theoretical grounding for our research into healthcare practice and delivery of ERAS we conceptualised ERAS as a ‘complex intervention’16, in which there are a number of interacting components. We then used Implementation Science76 as a way of understanding and interrogating the implementation of ERAS as a complex intervention because Implementation Science focuses on delivery and what enables interventions to become embedded in practice. Within Implementation Science, the Consolidated Framework for Implementation Research (CFIR) is one framework that outlines 31 constructs that impact on processes of implementation, grouped into five domains. These domains are: 1) intervention characteristics that relate to the attributes of an intervention; 2) outer setting or external influences; 3) inner setting or factors within an organisation; 4) characteristics of individuals, that are the behaviours of individuals tasked with enacting the intervention; and 5) process, that is the planning and delivery of an intervention75. 

Healthcare services should meet the needs of patients, which includes treating patients as individuals and enabling them to be involved in choices about treatment. As ERAS involves a close collaboration between healthcare professionals and patients, meeting these needs may help patients invest in their care and in this way, improve outcomes after surgery. To explore this in detail we made use of Mol’s work that focuses on how ‘good care’ is negotiated in practice. Meeting patients’ needs is not straightforward because patients may make choices that do not accord with clinical definitions of “good care”. The value of Mol’s work is the focus on a concept of “good care”97 in which patients are not necessarily provided with unfettered choice but in which care is negotiated between patients and healthcare professionals. The role of healthcare professionals then, is to offer advice, encouragement and adapt care where possible to meet patient preferences and needs. Mol shows us that tensions emerge when the actions and expectations of healthcare professionals and patients are not aligned97. 

A recent systematic review of existing qualitative studies exploring staff experiences of delivering ERAS for a range of conditions identified a number of factors that impacted on successful implementation. These included communication and collaboration between staff, attitudes to change, the use of clinical protocols to standardise care, expectations around the intervention and the embedding of ERAS into everyday practice78. In addition, a previous qualitative review synthesised patient experiences of ERAS for a range of conditions including colonic and colorectal surgery. Findings highlighted the need for comprehensive pre-operative education and post-discharge support79. However, no studies have explored factors that impact on the implementation of ERAS programmes for hip and knee replacements or patients’ experiences of these programmes. Since ERAS programmes for hip and knee replacement involve a considerable recovery period after discharge from hospital, patient experiences are likely to be different.

[bookmark: _Toc15393265]Aims
· To understand organisational processes that may help or hinder the implementation of ERAS programmes for hip and knee replacement. This work used the Consolidated Framework for Implementation Research (CFIR) to inform interpretation of results.
· To characterise patients’ experiences of ERAS for hip and knee replacement using the ethnographer Mol’s work to explore how care processes are negotiated between patients and healthcare professionals. 
Understanding these issues will provide information to healthcare professionals about how best to organise and deliver these services to provide effective patient care.

[bookmark: _Toc15393266]Methodology
The qualitative research used an ethnographic approach, which involved periods of “fieldwork” in contexts80. Ethnography typically includes a range of methods to provide a well rounded account of the issues under study. Ethnography aims to achieve a deep understanding of practice and systems from the perspective of people in a context. As such, it provides an ideal means of exploring how a service (ERAS) is implemented and experienced81.

[bookmark: _Toc15393267]Hospitals sites
Maximum variation sampling was used to identify four hospitals from England with a range of characteristics82.83: a teaching hospital, a district general hospital, a specialist orthopaedic hospital and an independent sector treatment centre. This aimed to provide a range of different experiences.

[bookmark: _Toc15393268]Part 1: Exploring organisational processes that help or hinder the implementation of ERAS programmes for hip and knee replacement
This component of the study used observations of clinical practice and semi-structured interviews with healthcare professionals to understand the implementation of ERAS programmes.



Observation sessions and job shadowing
Potential participants were identified by a staff member working in the orthopaedic department, or equivalent, of the individual hospital sites. Potential participants were then sent a study information pack that included information about the study, invitation letter and reply slip to return if they were interested in participating. Snowball sampling was also used, in which participants recommended other potential participants84. 

Using an observation check-list, observation sessions were conducted at each study site. Information was recorded in writing as standard in ethnographic research. The checklist was developed by the study team and provided structure for the researcher to collect information in a systematic manner so that field notes described: the clinical setting, activities taking place, treatment protocols and factors that may impact on implementation. Informal interviews were also used. Initial notes were written up into full ethnographic “fieldnotes” during each day of data collection or as soon as possible thereafter. To inform further data collection, memos or reflective notes were used to record emerging thematic ideas. A total of 19 staff agreed to be shadowed and approximately 160 hours of fieldwork were conducted (five days of approximately 8 hours at each study site).

[bookmark: _Toc15393269]Semi-structured interviews
Face-to-face semi-structured interviews were undertaken with healthcare professionals involved in service delivery. Interviews ranges from around 30 to 60 minutes in duration. Thirty-one healthcare professionals participated in interviews, of whom 12 had also participated in observations. A ‘topic guide’ or list of themes to explore in the interviews was devised based on data collected during observation sessions. Interviews focused on participants’ views and experiences of delivering ERAS and factors impacting on implementation. To ensure that the experiences of participants were not ‘forced’ into predefined concepts, data was not structured around implementation science theory. The topic guide was flexible to enable follow-up on issues raised. Interviews were audio-recorded, transcribed and anonymised. 

[bookmark: _Toc15393270]Analysis
Analysis was iterative and ongoing and informed further data collection. Analysis was carried out in two phases which involved an interim and final phase. Written field notes and transcripts of interviews were anonymised and imported into NVivo software for analysis. Interview transcripts and fieldnotes were analysed using an inductive thematic approach76 to identify themes and subthemes in the data. On account of the variation in service delivery between sites, data from each hospital site was analysed as a discrete dataset. 20% of transcripts were double coded by another member of the research team (RGH). Codes were then discussed and refined to reach a single code list. As part of the interim analyses, the Consolidated Framework for Implementation Research (CFIR) was used to structure further analysis. This theory was identified since unlike most other approaches, it suggests that successful implementation is dependent on how well the intervention meets patient needs which accords with our findings. Using the CFIR as part of analysis involved transposing themes that had been coded inductively onto the 31 constructs of the framework, grouped into the five domains: 1) ‘intervention characteristics’; 2) ‘outer setting’; 3) ‘inner setting’; 4) ‘characteristics of individuals’ and 5) ‘process’. This was an ‘abductive’ approach to analysis as described by Tavory and Timmermans77. Interpretive accounts of the data were then generated. 

[bookmark: _Toc15393271]Part 2: Exploring patients’ experiences of ERAS for hip and knee replacement
We used qualitative semi-structured interviews to explore patients’ experiences. 

[bookmark: _Toc15393272]Recruitment 
Potential participants were patients that had undergone THR or TKR at one of the four study hospitals. Study information packs were distributed by local hospital healthcare professionals. Packs included an invitation letter, booklet with study information and a reply slip. Reply slips were returned to a contact at each hospital. Potential participants were then either approached by the Lead Researcher whilst in hospital or contacted by phone after discharge. 

[bookmark: _Toc15393273]Semi-structured interviews 
Interviews ranged from around 30 to 60 minutes in duration. 37 patients participated in interviews, with final sample size determined by data saturation. Interviews with patients one or two days post-operatively were conducted face-to-face in an inpatient setting. Those with patients who had been discharged took place by telephone due to logistical challenges. A topic guide divided into themes was used to explore patients’ views and experiences of having a joint replacement throughout the care pathway. 


Data analysis 
Interviews were audio-recorded, transcribed, anonymised and imported into NVivo qualitative analysis software. An inductive thematic analysis was conducted such that themes and subthemes were identified in the responses76. Memos were used to record emerging ideas and themes throughout the process of data collection and analysis. 10% of interviews were independently double coded by a member of the study team and themes compared and contrasted to reach a single code list. Descriptive accounts of the data were then generated.

Ethical Approval
Ethical approval was provided by the South-West Exeter Research Ethics Committee (Ref: 16/SW/0214). Participants provided their written consent before interview to confirm that they understood the aims and objectives of the research, that their participation was voluntary and that they were willing to let the study include anonymous quotations from them in reports of the study. Each NHS Trust involved provided R&D approval.

Results
Characteristics of ERAS services for hip and knee replacement are displayed in Table 10. These present summarised information only to preserve the anonymity of sites.

Table 10.: Characteristics of ERAS services for hip and knee replacement at four study sites

	Towerton
	Shinebury

	Year ERAS first introduced: 2011
Key features include:
· ERAS nurse champion as central coordinator
· Patients provided with five separate leaflets including information about anaesthetic, monitoring wounds, blood clots
· Patients attend hip or knee school for further information 
· Pre-assessment includes medical history and consideration of social history and current living arrangements
· Physiotherapists see patients a minimum of one day after surgery
· Links with other locality services for post discharge support put in place before admission. ‘Step-down’ ward used for patients who aren’t well enough to go home.
· Post-operative follow up appointments conducted at six weeks, six months and 12 months. 
· Hip and knee patients follow same care pathway.
· Only patients that have attended a hip or knee school are classed as “ERAS patients”.

	Year ERAS first introduced: Piloted in 2000
Key features include:
· No central coordinator
· Patients provided with leaflets and DVDs for information. DVD includes information about surgery, previous patients talking about their experiences.
· Patients attend hip or knee school, including demonstration of rehabilitation exercises
· Pre-assessment involves full medical checks. Patients see occupational therapists and complete questionnaires about their home environments to assess level of support needed post discharge.
· Patients seen by physiotherapists and mobilised day one after surgery
· Limited organisational support available for patients post discharge and formal care packages are difficult to put in place.
· Post-operative follow up appointments conducted at two weeks, six weeks and one year, run by the lead physiotherapist, occupational therapists and specialised orthopaedic nurses.  Follow up also takes place in fracture clinics at five and ten years.
· Hip and knee patients follow same care pathway.
· All patients are included in the ERAS care pathway.


	Lastmere
	Woodland

	Year ERAS first introduced: 2014/ 2015
Key features include: 
· No designated coordinator but informally, physiotherapists act as key points of contact.
· Patients provided with one comprehensive hip or knee ‘joint guide’ booklet with information about hospital, surgical procedures and rehabilitation including safety and exercise.
· Patients attend hip or knee school that includes information on exercises, practice with mobility aids and advice on likely length of stay.
· Pre-operatively, patients complete questionnaires about their home environments so their rehabilitation needs can be assessed. 
· Patients are seen by physiotherapists post-operatively, preferably on the same day of surgery or day one at the latest. Patients are seen twice a day.
· Post-operative follow up appointments conducted at six weeks by consultants. Patients also seen by physiotherapy team at least three or four times during the first six weeks, either by attending rehabilitation classes or in one to one appointments. All patients are seen within the first two weeks after surgery.
· Hip and knee patients follow same care pathway.

	Year ERAS first introduced: Around 2010
Key features include:
· No central coordinator
· Referrals from primary care are through a musculoskeletal ‘hub’, a triage system run by consultants to ensure patients receive the correct treatment
· Patients having hip surgery attend a ‘school’. No school exists for those undergoing knee replacement
· There is a same day assessment clinic, a “one-stop shop” which involves a full pre-operative assessment, including full observations and occupational therapy assessment. Only hip school patients see physiotherapists.
· All discharge planning is done by physiotherapists. 
· Post-operative follow up appointments conducted at six weeks by consultants. 
· Hip and knee patients do not follow the same care pathway.
· Not all patients are assigned to the ERAS care pathway for hip surgery and this is done at the discretion of consultants. Those considered to be more frail or complex are less likely to be included in ERAS. 




Part 1: Exploring organisational processes that help or hinder the implementation of ERAS programmes for hip and knee replacement

Sample characteristics
The 38 participants included 10 physiotherapists or occupational therapists, 18 nurses, five orthopaedic surgeons, one anaesthetist, one matron, two therapy technician assistants and one theatre manager. Twelve staff participated in interviews and observations, 19 took part in interviews only and 7 in observations only. Between 4 and 14 participants took part from each study site. Participants’ characteristics are displayed in Table 11, which presents summarised information by study site to avoid the potential for identification of individual participants. We use pseudonyms for study sites and in this part of the report, where we use the term “participant” we are referring to hospital staff. 

Table 11.: Participant characteristics (aggregated to ensure anonymity)
	Site pseudonym
	Profession
	Gender
	Time spent in role at site

	Shinebury
District general hospital
	2 Physiotherapists
	1 Man 
1 Woman
	5 – 14 years

	
	7 Staff nurse/ sisters
	7 Women
	2 weeks – 11 years

	
	3 Consultant orthopaedic surgeons 
	3 Men
	4 years – 21 years

	
	Consultant anaesthetist
	1 Man
	22 years

	Elmfield
Specialist orthopaedic hospital
	2 Physiotherapists
	2 Women
	3 years – 15 years

	
	3 Occupational therapists
	3 Women
	18 months – 12 years

	
	6 Staff nurse/ sister/ nurse specialists
	6 Women
	1 month – 1 year

	
	Matron
	1 Woman
	1 month

	
	1 Consultant orthopaedic surgeon
	1 Man
	10 years

	Towerton
Teaching hospital
	1 Physiotherapist
	1 Man
	10 years

	
	2 Therapy technician assistants
	2 Women
	1 – 2 years

	
	4 Staff nurse/ sister/ nurse specialists
	4 Women
	3 months – 7 years

	
	1 Orthopaedic surgeon
	1 Man
	3 years

	Lastmere
Independent sector treatment centre
	2 Physiotherapists
	1 Man
1 Woman
	2 – 4 years

	
	1 Staff nurse
	1 Woman
	4 years

	
	1 Theatre manager
	1 Man
	3 years



Seventeen CFIR constructs were found to influence processes of implementation for ERAS programmes in all five domains of the framework. A summary of the themes identified in the data and their relationship to these constructs and domains are outlined in Table 12. 

Table 12.: Themes identified and their relation to the five domains of the Consolidated Framework for Implementation Research and CFIR constructs
	Domain (CFIR)
	Construct
	Description
	Related themes

	Intervention characteristics
	Relative advantage
	Perceived advantages of implementing the intervention.
	Understanding of advantages

Trade-off between reducing length of stay and increasing readmissions

	
	Intervention source
	Views on whether the intervention had been internally or externally developed.
	Support for care pathway internally developed

	
	Adaptability
	Adaptability of the intervention to meet the specific needs of the organisation.
	Adaptability of ERAS to hospital sites

	Outer setting
	Patients’ needs and resources
	The extent to which the intervention meets patient needs, including barriers to access.
	Adaptability of ERAS to individual needs

Importance of education to empower patients

ERAS as a “message” to be communicated to patients

Concerns about post-discharge support

	
	Cosmopolitanism
	How effectively the organisation networks with external organisations to deliver the intervention.
	Challenges in referral from primary care

Tensions between primary and secondary care on discharge

Inadequate post-discharge documentation

	Inner setting
	Networks and communication
	How effectively individuals within an organisation network and communicate with each other.
	Transferral of knowledge about patients along care pathway

Multi-disciplinary team meetings

Informal communication

Multi-disciplinary paperwork

Understanding of ERAS as a “message” to be communicated across multi-disciplinary team

	
	Implementation climate
	Receptiveness of individuals within an organisation to implementing the intervention and how well this is supported, rewarded and expected by the organisation.
	ERAS champions to generate support

Involvement in development of ERAS

	
	Compatability
	Compatibility of the intervention with individuals’ norms and values, along with how well it fits within existing workflows.
	Variation in perceived compatibility of ERAS with existing roles

	
	Goals and feedback

	The communication of goals and how they are acted upon and fed back to staff.
	Formal and informal targets used to inform service delivery

	
	Available resources
	Availability of resources for implementing the intervention, including physical resources, training and time.
	Concerns about costs to maintain ERAS

Shortage of available staff and high staff turnover

High volumes of patients

	
	Access to knowledge and information
	Access to information about the intervention.
	Varying levels of information and training

Educational sessions

Formal multi-disciplinary team meetings

Learning on the job

	Characteristics of individuals
	Knowledge and beliefs about the intervention
	Individuals’ attitudes and support for the intervention.
	Belief in relative advantages of ERAS

Resistance where ERAS seen as incompatible with professional judgement

	Process
	Planning
	Advanced planning of tasks to support the delivery of the intervention.
	Use of protocols to streamline components of care

Adaptability of protocols to meet individual needs

	
	Engaging
	Attracting and engaging relevant individuals involved in implementing the intervention through education and other similar strategies.
	‘Top down’ encouragement and monitoring

Multi-disciplinary team meetings to cascade information

	
	Opinion leaders
	Influential individuals that are able to help generate support for the intervention.
	Value of involving strong opinion leaders in development

	
	Champions
	Individuals responsible for supporting and facilitating the delivery of the intervention. 
	Champions as a central point of contact and expertise

Role in engendering enthusiasm

	
	Reflecting and evaluating
	Feedback about the progress of implementation, including feedback to individuals involved in its delivery.
	Reviewing outcomes data

Informal communication to discuss development

Informal and formal feedback through questionnaires from patients




Below we explore factors that impact on the implementation of ERAS services. These are structured with the five domains of CFIR.

‘Intervention characteristics’ (Box 1.1)
Staff expressed enthusiasm for the relative advantages of ERAS since shortened length of stay had resource and cost saving implications. There was a sense of a ‘trade off’ between reducing length of stay whilst not increasing readmission and complication rates. At Shinebury, care pathways were developed internally by consultant surgeons who piloted ERAS and communicated findings to staff. This helped generate internal support. By contrast, a nurse sister at Elmfield described how ERAS practices had been “introduced on us” and suggested that having someone to lead its development would have inspired enthusiasm. 

Participants saw ERAS as adaptable, and this was key to it working in individual hospital contexts. None of those interviewed had seen any formal policies issued by the Department of Health, although many were aware that ERAS was a government initiative. There were various views about which patients should be included in the pathway. At Shinebury, all patients were included in ERAS whereas at Elmfield, patients were only selected if it was felt they were healthy enough for rapid discharge. 

‘Outer setting’ (Box 2)
As ERAS was viewed as a “partnership” between members of staff and patients, participants thought that meeting patients’ needs would enable ERAS to work effectively. A number of patients could not be discharged because they were medically unfit but some patients were also thought by staff to be somewhat resistant to receipt of “rapid” discharge after their operation. To address these issues, a nurse at Elmfield thought it was crucial to adapt approaches to suit individual needs, adopting a recovery time that was manageable. Another emphasised the importance of education as a way of “breaking down” attitudes that acted as a barrier to discharge. 

Patient information was distributed in a range of formats. Written information helped to reinforce information provided at consultation and gave patients a source to refer back to. Sites operated hip and knee schools, regular classes designed to educate patients about their treatment and participants thought that the “group dynamic” created a safe space for asking questions and sharing experiences. Face-to-face contact was seen as an opportunity to clarify information. Participants though that patient education had multiple aims, the most important of which was helping patients to have ownership of their recovery. Professionals thought that such education made it easier for them to provide post-operative support because patients had more knowledge about what to expect during recovery. 

Participants conceptualised ERAS as a “message”, which had to be consistently communicated so that patients understood and adhered to recommendations. If the message and its consistency was “diluted”, then understanding and adherence could be reduced. Participants thought that new staff who were not familiar with ERAS and those who were “not buying into the process” might provide inaccurate information. 

Participants from all sites were concerned about post discharge support. According to a nurse at Elmfield, this was important as patients “panicked” without it. There was variation in post-discharge services provided by the sites. One participant felt that providing a telephone number as a point of contact was “the absolute minimum”. Staff thought this made patients feel more “secure”.

Cooperation with external agencies was important, notably because successful implementation of ERAS was impacted by the smoothness of connection with primary care at the point of referral and discharge. Staff suggested that GPs did not always understand the practicalities of ERAS, and referrals might be inappropriate referrals or patients might receive information about recovery that may not accord with the information provided from within the hospital. 

Participants highlighted some gaps in communication between primary and secondary care after patients’ discharge. One felt that GPs sometimes questioned patients’ readiness to return home, another that they got “cross” when they thought patients had been discharged by the hospital without sufficient pain relief. Participants at Shinebury and Elmfield were worried that patients had no point of contact in secondary care if they were experiencing difficulties before their follow-up review. This meant that such patients had to return to primary care first, which was seen as overly complex and placing an unnecessary burden on services. Furthermore, there were concerns that GPs were not provided with adequate post-discharge documentation. According to a nurse at Elmfield, there was a need to engage more closely with GPs and community services.



Box 1.1.1.: ‘Intervention characteristics’ illustrative quotes

‘Intervention characteristics’

“[ERAS was] revolutionary… especially for the older nurses who had been there 20 years” [Senior Sister, Towerton] 

‘When you’ve seen a patient with enhanced recovery protocols, you never want to go back to how you did things before… [seeing how quickly patients recover] was just an amazing transformation. [Consultant surgeon, Towerton]


Box 1.1.2.: ‘Outer setting’ illustrative quotes

‘Outer setting’
“You’ve got to bring the patient on board too. You’ve got to persuade them to go with the flow”. [Consultant surgeon, Shinebury]

“You’re the one who’s going to make [the joint] work, so let’s get you working it.  This is yours. It doesn’t belong to the NHS. It doesn’t belong to the surgeon. This is yours’. [It’s about giving] them the ownership and the responsibility.” [Deputy Sister, Elmfield] 


One of the key elements of success was effective networking and communication between staff. Multi-disciplinary team members tended to operate in “silos” with responsibility for delivering different components of care. To communicate patient information, knowledge had to be transferred along the care pathway as part of a “logical progression”. However, a nurse at Towerton was concerned that those undertaking pre-assessment were not consistently transferring information, meaning that potentially important details were missed. 

Regular multi-disciplinary team meetings to discuss ERAS were advocated although these were challenging to organise. Informal communication was seen as being important and the location of staff in close proximity was seen to facilitate this. Nurses, physiotherapists and occupational therapists at Shinebury and Lastmere ran “joint clinics” together and doing so encouraged collaboration. Multi-disciplinary documentation was also valued although the quality and consistency of this varied. For instance, at Elmfield paperwork did not identify whether patients had been assigned to the ERAS pathway. A physiotherapist at Lastmere viewed documentation as a “back-up” since staff were in “constant communication” with one another.

A number of participants characterised ERAS as a “message” that needed to be communicated across the multi-disciplinary team to ensure that its components were being consistently delivered. However, this was not always achieved. For instance, at Elmfield surgeons did not always agree with one another about which patients were eligible for ERAS. ERAS champions helped to ensure that the “message” was successfully communicated and that staff were delivering components of care consistently.

Regarding the implementation climate, participants described the importance of a collective ethos and “belief” in ERAS. ERAS champions helped to garner support from the multi-disciplinary team. However, at Elmfield there seemed to be no clear leadership. Furthermore, not all team members were invited to meetings to discuss ERAS development and this made them feel less engaged. 

There was variation in how compatible ERAS was seen to be with existing roles. A number of participants thought that ERAS involved expanding on existing working practices, making it easy for them to do the necessary work. However, some anaesthetists were reportedly resistant as they preferred using their own professional judgement to following protocols. Similarly, a participant at Towerton had found it difficult to change nursing practice as colleagues were uncomfortable about encouraging patients to be so independent and were reluctant to send them home. 

Targets and goals for length of stay were established formally by the Hospital or Trusts and informally by ERAS services. Performance against formal and informal targets were fed back to staff and used as a basis to collaboratively improve service delivery. Failure to meet formal length of stay targets led to fines meaning staff felt under substantial pressure to meet these goals.

The financial cost of maintaining ERAS was a concern, although the extent and nature of this varied. Elmfield staff were particularly worried about lack of current funding that meant they were not able to acquire sufficient staff or facilities such as beds. Staff at Lastmere thought funding cuts may prevent them from providing patient information booklets that they saw as being central to effective rehabilitation.  

A shortage of available staff and high staff turnover were seen as creating difficulties as it meant colleagues had to do additional work and struggled to find time to deliver care. At Shinebury, staff explained how time constraints made it challenging to arrange formal care packages after discharge and impacted on the quality of post-operative follow-up. A deputy nurse sister at Elmfield thought that follow-up reviews should be undertaken by nurses or physiotherapists, as they were at Shinebury, to relieve the “pressure” on consultants. Patient numbers at Shinebury and Towerton were also seen to place pressures on services. Alongside this, operations could be cancelled at short notice when operating theatre space was needed for trauma surgery. 

Staff at the four sites had received varying levels of access to knowledge and information about ERAS. Towerton appeared to have the most comprehensive training and education and staff spent time with the nurse champion who ran educational sessions and incorporated information on ERAS into ongoing orthopaedic training. Staff at Shinebury were also expected to attend joint school to help them educate patients more effectively. By contrast, a participant at Elmfield explained how the intervention had been introduced without any formal education and that this had not been effective. Multi-disciplinary team meetings were used as a way of communicating information about changes in working practice, along with “learning on the job”. 

 ‘Characteristics of individuals’ (Box 3)
Participants emphasised the importance of individual commitment from staff. A strong belief in the relative advantages of ERAS meant that most staff were committed to delivering the service. Resistance to change existed where ERAS practices were seen as being incompatible with professional judgement. 

‘Process’ (Box 3)
To plan processes of care, protocols were used to “streamline” services and ensure patients received key elements of care, although these were not always formally described. However, participants stressed these should be sufficiently flexible to meet individual needs. 

A consultant surgeon at Shinebury emphasised the importance of sustaining multi-disciplinary commitment and advocated “top down” encouragement and close monitoring to do so. To facilitate this, staff at Shinebury held multi-disciplinary meetings to ensure key members of the team were cascading information to colleagues “to keep that momentum going”. However, a nurse at Elmfield explained that not all team members were invited to meetings to discuss ERAS development and this made them feel less engaged. 

Involving strong opinion leaders in the development of ERAS helped to generate internal support whereas a lack of this at Elmfield was a barrier to engagement. The importance of having a recognised ERAS champion to ‘drive through’ changes was highlighted. Towerton had a designated nurse specialist that acted as the central point of contact. As a result, other members of the multi-disciplinary team did not need to be familiar with all aspects of the protocol. Similarly, consultants at Shinebury were identified as a source of expertise. Clinical champions also helped to engender enthusiasm. 

ERAS had to be (re)activated on a continuous basis through reflection, evaluation and modification. To reconfigure care, staff at Shinebury used multi-disciplinary meetings to review outcomes data and “brainstorm” ways of improving services. Informal communication between team members, for instance in hip and knee schools, provided another opportunity for this. Patient feedback was used to shape patient education materials and joint schools. Feedback was collected informally or through patient satisfaction questionnaires. On account of these processes, ERAS was seen as having been improved or “refined” at three study sites. ERAS at Shinebury was described as having a “core element”, which has grown outwards as the service has “tried to add bits on to try and improve the situation”. By contrast, staff at Elmfield talked about how ERAS was gradually being “nibbled at the edges”.

Box 3.1.2: ‘Inner setting’, ‘characteristics of individuals’ and ‘process’ illustrative quotes 


‘Inner setting’
“We [the physiotherapists] can actually gather information to save going through things… [the occupational therapist] might have gathered something that perhaps I might take an hour to get out of somebody.” [Physiotherapist, Shinebury]

“The other thing that will sometimes get in the way is if the [ERAS] message has been diluted at some point” [Consultant surgeon, Shinebury]

“I think there are other people that have the same beliefs as my beliefs… the bond, the desire [to implement ERAS] is uniform from top to bottom”. [Consultant Surgeon, Towerton] 

“The sadness we have is we did have a fabulous all singing and dancing booklet but it was funded by a particular company [who is no longer providing support] … the funding for that isn’t possible [anymore]”. [Physiotherapist, Elmfield]

Giving [patients] enough time to ask questions I think is important so it’s about having an appropriate length of clinic appointments which obviously [presents] a conflict between seeing a number of patients that the Trust wants you to but giving patients enough time to do that.” [Consultant surgeon, Elmfield]

“Having ‘enough capacities for the key professionals to interact with the patient at the right time, from pre-op to post-op [is difficult]” [Consultant surgeon, Towerton]

‘Characteristics of individuals’

“Every anaesthetist was just doing his own individual recipe and it was very difficult… [it] took quite a lot of engagement to get the anaesthetists to really champion it and get their colleagues to embrace that”. [Occupational therapist, Elmfield]








Part 2: Exploring patients’ experiences of ERAS for hip and knee replacement
Sample characteristics
The 37 participants included 15 men and 22 women. Between 6 and 16 participants took part from each study site, 14 had undergone TKR and 23 THR. 22 participants were interviewed in an inpatient setting and 15 once they had been discharged. Of those who had been discharged, five were interviewed 2 – 4 weeks post-operatively and 10 interviewed 5 – 13 weeks post-operatively. Participants’ characteristics are displayed in Table 13. In this section we use the term “participants” as referring to patients. 

Table 13.: Participant characteristics 
	Site Pseudonym
	Participant Pseudonym
	Gender
	Age
	Hip or knee replacement
	Length of time since operation

	Shinebury District General Hospital
	Rebecca
	Woman
	76
	Hip
	Inpatient

	
	Matthew
	Man
	77
	Knee
	Inpatient

	
	Susan
	Woman
	77
	Knee
	Inpatient

	
	Jennifer
	Man
	77
	Hip
	Inpatient

	
	Bethan
	Woman
	70
	Hip
	Inpatient

	
	Sarah
	Woman
	53
	Hip
	Inpatient

	
	Stewart
	Man
	68
	Knee
	Inpatient

	
	Craig
	Man
	59
	Hip
	Inpatient

	
	Zoe
	Woman
	72
	Knee
	Inpatient

	
	Andrew
	Man
	63
	Knee
	Inpatient

	
	Beth
	Woman
	71
	Hip
	Inpatient

	
	Cathy
	Woman
	59
	Hip
	Inpatient

	
	Dave
	Man
	46
	Hip
	Inpatient

	
	Elizabeth
	Woman
	85
	Hip
	Inpatient

	
	Fiona
	Woman
	54
	Hip
	Inpatient

	
	Kevin
	Man
	69
	Hip
	13 weeks

	Elmfield Specialist orthopaedic hospital
	Adam
	Man
	76
	Knee
	Inpatient

	
	Geoff
	Man
	48
	Hip
	Inpatient

	
	Robert
	Man
	77
	Knee
	Inpatient

	
	Henrietta
	Woman
	85
	Knee
	Inpatient

	
	Linda
	Woman
	63
	Knee
	5 weeks

	
	Owen
	Man
	71
	Hip
	4 weeks

	Towerton Teaching hospital
	Amanda
	F
	74
	Hip
	Inpatient

	
	Jayne
	F
	68
	Hip
	Inpatient

	
	Ian
	M
	58
	Knee
	Inpatient

	
	Martin
	M
	67
	Hip
	4 weeks

	
	Penny
	F
	36
	Hip
	9 weeks

	
	Steven
	M
	56
	Knee
	7 weeks

	
	Tom
	M
	72
	Hip
	12 weeks

	
	Ursula
	F
	90
	Knee
	10 weeks

	
	Veeda
	F
	77
	Hip
	8 weeks

	Lastmere Independent sector treatment centre
	Harold
	F
	72
	Knee
	2 weeks after operation

	
	Irene
	F
	65
	Hip
	6 weeks

	
	Jackie
	F
	55
	Hip
	5 weeks

	
	Noura
	F
	57
	Hip
	4 weeks

	
	Rachel
	F
	72
	Hip
	10 weeks

	
	Quinn
	M
	42
	Hip
	3 weeks



Referral process
Around half of the patients who were interviewed said that they had been given the chance to choose which hospital they would be seen at. Most participants made their choice of hospital based on previous experiences and ease or convenience. A smaller number of participants made their choices based on hospital performance. Others were guided by GPs in their decision-making, particularly those who had additional healthcare needs. However, for most, choice of hospital was not a priority compared with the need to progress towards surgery. 
Participants held varying views about waiting times for surgery. Some were surprised by the short period between referral, appointment and operation date, others experienced delays. 

Participants attributed delays to funding constraints and administrative difficulties, particularly at the interface between primary and secondary care. Several described how their operations had been cancelled and although some were sympathetic to the pressures on the healthcare system, for others, this was emotionally difficult. The difficulty led to feelings of helplessness and frustration.

Pre-operative education (Box 4)
Patients were referred from primary care (GPs) to secondary care and most participants were satisfied with the verbal information that they had received in secondary care. The verbal information was augmented by written information, and they thought that written information about post-operative exercises was particularly useful as they kept it until after discharge.
Participants valued the opportunity to attend classes for patients who were about to have hip or knee surgery called hip or knee “schools”. Patients felt that the classes helped prepare them for surgery, and gave them “confidence” in the care they would receive. Classes helped make them feel enthusiastic about the potential for early discharge and invested in their recovery, preparing them to take on the role of “active” participants in their own care. Guidance about how to use crutches and perform exercises was considered particularly useful. Most thought it was useful to practice exercises to prepare them for standing and walking after their surgery, although some said that they had not practiced consistently. 

Classes were also a source of emotional support since they were an opportunity to meet patients “in the same boat”. Those undergoing their first replacement found it useful to talk with and listen to patients who had previous surgery: they used the classes as a time to ask others questions about their experiences. An understanding of the respective roles of both patients and healthcare professionals meant that expectations of care were aligned prior to surgery. 

The timing of these classes was sometimes problematic. Those who had received a rapid referral due to a cancellation missed out on this component of care. Others felt that they had attended too far in advance of their operation meaning they could not remember the information on admission. These challenges potentially undermined patients’ ability to participate fully in their care.

Participants wanted healthcare professionals to provide them and their families with more information about their recovery and their expected progress to help them take care of themselves. Some also felt they would have liked more emotional support. A small number of younger participants wanted more information about joint replacements in younger people, with focus on any differences in their likely recovery after surgery. 
Participants also sought information from family and friends who had undergone surgery, and from the internet. Nevertheless, one participant raised concerns about the availability of conflicting information and thought that hospitals should guide them to reliable sources.

Pre-operative preparation (Box 4)
[bookmark: _Hlk517202228]All participants found the pre-op assessment straightforward and comprehensive. They reported they were able to do everything that was required of them before surgery. 

Box 1.34.: Pre-operative experiences illustrative quotes

I had every confidence in the hospital because of my other cancer operation, my life basically was in their hands and I never had any doubt about it. Kevin

What happened is [the hospital] gave me a date [for the operation], which is what you look forward to, and then they cancelled, which drove me potty because I've never been depressed in my life but you'd be rest assured I was depressed then. I'm always upbeat. I'm Gemini so I'm normally a very happy person.  Apparently, I was turning snappy, easily upset, generally fed up, which is like a mild form of depression, if you will, which is just not me. Tom

I met the whole team… The nurses, the anaesthetist, the surgeons.  You know, they really made you feel that they were going to look after you.  I think one of the surgeons, actually that was his words, “We will look after you”. Owen

[The healthcare professionals] were upbeat about [the surgery], not like it used to be, not staying in bed, not being treated as though you’re 101 and getting you back up on your feet as soon as possible. Cathy

[The healthcare professionals] showed you how to use crutches properly and how to walk if you can; different things like that. So you're already halfway set before you got here, which was very helpful. Andrew

I can’t remember [when the hip school was] because of the delay. That’s really why I’ve forgotten some of the exercises really. Amanda

Everybody will say you're young to be having a hip replacement, I am young to be having a hip replacement but [the consultant] said I need to have a hip replacement and so I kind of try to Google in the experiences of somebody young to get information. Jackie 

Waiting for operation
A number of participants described that they had to wait several hours from the point of admission to hospital till their operation. They found this hard because they were not permitted to eat or drink while waiting. Patients said that they would have valued more information about the reason for their wait and about the precise time of their operation, and that absence of this information made them feel more anxious. 

Anaesthesia (Box 5)
[bookmark: _Hlk517802953]Most participants were presented with the option of a local or general anaesthesia although they had different experiences of this. Whilst some were given this option during hip or knee schools or their pre-operative assessment, others were asked on the day of surgery. These patients reported that it had made them feel “surprised” and “alarmed” and worried about “being awake” during surgery. They also felt that receipt of information on the day of surgery meant they had not felt able to make an informed choice. Several explained that anaesthetists also expressed a clear preference for localised anaesthesia which influenced their decision. Contrary to ERAS guidelines, one participant reported that she had not been offered localised anaesthesia but had insisted on it against the advice of her anaesthetist. 

Pain management (Box 5)
Patients were generally satisfied with how their pain was managed and felt that nurses were attentive to their needs. However, some patients at Shinebury felt under pressure to take their pain medicines, although they thought that the medicines provided were “excessive” and made them feel “out of it”. Others wanted more information about the pain medicines that they had been prescribed. One patient expressed frustration and thought nurses were reluctant to share this information, which meant that she was not able to make a fully informed choice about her pain medicines. 

Inconsistencies in information (Box 5)
The majority of participants felt that they had been fully informed about what to expect during their inpatient stay and that as a result, there were “no surprises”. However, some identified inconsistencies between pre-operative information and subsequent information, which they found unsettling. 

Early post-operative mobilisation    (Box 5)
Patients were surprised about being able to get up and walk so quickly after surgery. There was a sense of pride in being able to fulfil what they thought was required of them and they benchmarked their success against the content of the information that they had received before surgery as well as feedback from healthcare professionals. Positive affirmation was important to encourage patients to meet ERAS goals. Participants emphasised the importance of participating in exercises and working towards their own recovery, engaging in the emotional and physical work required of them as “active” patients.

Most felt that mobilisation after their operation moved at an appropriate pace. Where patients could not mobilise quickly, particularly with older patients or those with complications, they felt that staff largely listened to their concerns. Likewise, a younger patient was satisfied that staff helped her to mobilise more quickly than anticipated. In this way, care was negotiated and plans were amended to meet patient needs. 

However, other participants described how they had felt under pressure to mobilise and “conform” to the demands of the programme. Such patients thought that healthcare professionals did not listen to their concerns or respond to their individual needs. Others experienced a tension between giving their bodies time to “heal” and the need to become active: expressing a concern that activity might be “damaging”. When expectations of patients and healthcare professionals differed, this created frustrations for patients. A small number of participants thought that such tension undermined their right to autonomy and choice about their care. 

Discharge (Box 5)
Most participants reported feeling “ready” to return home by the time that discharge happened. They thought that it was better to go home than to remain in hospital. Feeling “prepared” contributed to a feeling of confidence about discharge and return home. Participants valued help and guidance they had received about how to prepare for discharge before admission. Such preparations included re-organising the home, acquiring assistive devices and ensuring family and friends were available to help. Participants at Towerton thought that assessing patients’ needs before admission and providing appropriate assistive devices was useful. Information empowered patients and instilled confidence. Those being discharged felt more assured when they understood their recovery trajectories, how to perform post-discharge exercises and what they could and could not do. Part of the ERAS process is mobilisation: standing and walking, and participants said that their desire to go home motivates them to mobilise. Discharge delays due to staffing issues were a source of frustration and patients sometimes received conflicting information about which day they were being discharged, which made them feel unsettled. 

[bookmark: _Hlk517271473]By contrast, other participants reported that they felt under pressure to be discharged before they felt well enough. This was linked to their concerns that they were being made to mobilise too quickly. A small number of participants attributed this to a demand for beds. Among those who were concerned, worries about going home were wide ranging and included not knowing what to expect, fear of falling and a lack of ability to sleep and perform everyday tasks. Those who lacked family support, particularly those who lived alone, were more anxious. 

Box 5.1.4: Inpatient experiences illustrative quotes

You get there for about 7.30 in the morning, or whatever it was.  I was told we were second in the queue for operation under [the consultant] so saw the first person depart, whenever that was, 8.30-ish, and I thought - and I still didn't go in until the afternoon.  So therefore, there was that little bit of where that waiting you're thinking, 'What's gone wrong?  Am I going to get operated on?' because unfortunately there was no communication. Steven

I was recommended to have the spinal block and sedation, I asked for the sedation, I had no wish to sit there listening to the bone grinding with a saw and hammer… I liked having the choice, yes that was nice. They were lovely and they explained it all. Cathy

It might surprise that I opted not for a general anaesthetic, which rather threw the cat amongst the pigeons [laughs]. At my pre-op I said to the nurse, “By the way, I don’t want a general anesthetic”, I’d obviously committed a cardinal sin by saying that and she went, “Why don’t you want it?”, I said, “I don’t, that’s my choice, I’ve never had a general, I don’t want a general”. I caused a flurry apparently and when my surgeon happened to be there, went past and said, “Don’t worry, we’ll sort something out”, so I was obviously, they weren’t expecting that although in the NICE guidelines that is an option.  Rachel

When I said to the nurse, “do I really have to take codeine?”, she said “no, you can decide not to if you don’t want to”. I was pleased about that. Noura

They gave us sticks [at the hip school] and said you’ll be discharged on sticks. They were quite adamant on that and yet the physios came along on the second morning and presented me with two crutches and I said “oh, crutches not sticks”. I thought communication has broken down slightly here somewhere, you get one message at hip school and a slightly different message as soon as you’ve had the operation. Noura

This morning, they were coming round and they said, “We'll start the exercise and whatever this morning” … I was able to move and I could actually move my legs, move them up and down with no pain.  I was like someone else.  Just a lovely ache.  An ache that - that was heaven, that was, absolutely. Cathy

The day after the operation they got me up straightaway and with the help of them, try and get my feet walking again.  It was all slowly done.  There was no rush, a steady pace and eventually the day after that they had me try and walk up the stairs successfully. I walked up and back down again, and it was a success.  Kevin

The night nursing staff were, “Come on.  Get on your feet.  Mrs So-and-So's out of bed.  You should be.”  They tended to treat us all the same and we were a bit ratty about that. It's back to this, they're not treating you as individuals…. I didn't want to keep going.  I was in a lot of pain. Beth

You just had to be organised [about going back home] and this is the one thing that they did impress, better organisation is how you feel better when you’re discharged. Cathy

I’m slightly apprehensive [about going home] from the point of view that I’ve got to manage a very large shopping bag and a walking stick. I am just a little concerned and I’ve said to myself, “Leave it [Susan]. Wait till we get there and see what happens”. Susan

Post-operative (Box 61.5)
Participants said that their initial recovery at home after discharge from hospital was the most challenging period of their journey through joint replacement. Physical challenges included post-operative bruising, high pain levels and “unfamiliar sensations” that they had not anticipated. Participants facing such challenges explained that they were unsure what was “normal”. Although many were relieved to be back in their home environment, participants described unexpected practical challenges such as bathing and going to the toilet. Participants said that adaptive devices were useful, but also found that ones that they needed were not necessarily available.

Physiotherapy exercises
Participants emphasised the importance of actively participating in their care by carrying out exercises that the physiotherapy team had provided. However, several were unsure if they were performing the exercise in keeping with the guidance they had received. Again, there was a reported tension between being active and allowing their bodies time to heal. Some felt uncertain about how far to “push themselves”. Participants also said they were not always certain about whether some daily activities were safe to carry out, for instance whether they should be sleeping on their side or not. 

Pain relief
Many participants were satisfied with the pain relief medicines that they had been given on discharge. This included medicines to take home with them. However, if things were not going well then managing pain after discharge could be a source of worry. One participant described feeling “alone” and “abandoned” when experiencing severe pain one week after discharge and not knowing who to contact for support. Most participants described feeling confident in reducing their pain medications without clinical input. However, one thought that her decision to do this too quickly had caused her pain to recur.    

Post-discharge support 
Although patients were expected to be independent in their recovery after discharge, many struggled to maintain their role as active participants without clinical input. Among those experiencing challenges, there was a desire for more support to provide “reassurance”. This included guidance from professionals in secondary care and their own GPs. The provision of contact details on discharge helped provide a feeling of security. Knowledge that they were receiving a follow-up appointment was also a source of reassurance and participants saw this as a key point in their recovery.
 
Family
The importance of family and friends during this period was repeatedly emphasised as a source of practical and emotional support. Where this was not possible, a small number of participants had help from community services that they also valued. 

The future
Despite some of the challenges encountered, participants were largely optimistic about moving forwards and they enjoyed reflecting on progress. Many discussed how their joint replacement would enable them to participate more fully in everyday life. Expectations included having “pain-free joints” and “going for short walks” and participants emphasised the importance of having “realistic” expectations. For some, discussions of the future were dominated by the prospect of future joint replacements. Others remained uncertain about what to expect.

Box 6.1.5.: Post-discharge experiences illustrative quotes

It would be useful [for the healthcare professionals] to actually say what you might experience. It’s nice to know that what you’re feeling isn’t actually unusual or anything to worry about. You know, I was worried that I was pulling the pin out of the thigh or something when it started really, really aching. I wondered if I’d done something wrong. Noura

Speaking to other people who’ve had hip replacements and who know of those who haven’t bothered with the physio after a week or two, because to be honest, who wants to put yourself through that three times a day when it hurts? But I came home and my husband would help me. He was good in that respect and he could see within a week the difference it was making, but it was hard. Rachel

When I came home and I was doing my exercises and I didn’t I couldn’t quite do some.  I was sort of, you know, what do I do?  Do I walk more?  Do I do the exercises more?  Do I push through the pain?  The physio said to push through the pain but at the joint school they said not to push through the pain. Penny

You just wonder how much that you should do because I’m that sort of person you know, “did I overdo it? Should I have rested more with my leg up?” and then you worry about developing problems and things if you don’t mobilise. Linda

I’ve been on pain relief up until yesterday, when I got fed up with it all. And I’ve been gradually cutting down of my own accord and today I’ve not had a single anything. I know what my body needs. And it’s my body and I’ll do what I like with it. Elizabeth

I took myself off everything and then the last couple of weeks I’ve actually had some problems with sort of swelling and things ‘cause I think I did it took quickly.  There’s been no support from the GP, which might be quite nice. I suppose I could make those appointments myself but if it was more protocol that that’s what happened, you would feel more supported. Penny

It’s difficult when you get home a few days later. I just felt I needed a bit more reassurance and you know I’m even nursing myself, but it depends on your family. You know people aren’t medically minded or haven’t got a clue about looking after somebody when you come out of hospital. So you do rely on professional people around you. Noura

It was nice to be back home again after the hospital and I found it, with the help of my wife, she'd be there when I was doing these exercises, you know, in case I sort of toppled over or something.  She was right behind me, literally. Kevin

Realistically, I would like to think [in the future] I would suffer from no real noticeable pain in my left knee and hopefully the right knee once it's operated on and I think, given what I've been able to do, most of it is going to work out in that I should be able to go for a nice long walk with family and friends. Steven

I think [ERAS] is called a rapid recovery but I've seen that as just the normal. Andrew When you use the words Enhanced Recovery Programme, what comes to my mind is get them recovered, get them out, save money, so they’re not bed blocking. Geoff

Discussion
[bookmark: _Toc308300820][bookmark: _Toc311366627]Overview of findings
17 of the CFIR 31 constructs influenced the implementation of ERAS across all five domains. Within “intervention characteristics”, participants felt ERAS afforded advantages over alternative solutions. Support was higher where ERAS was seen to have been developed internally rather than externally. Guidance was flexible and could be adapted to meet the demands of individual hospital services. In the “‘outer setting”, participants thought ERAS should be tailored to patient needs and that education could empower them in their recovery. 
[bookmark: _Hlk508734511]There were concerns about a lack of post-discharge support and tensions between primary and secondary care. In the ‘inner setting’, one of the key elements of success was effective multidisciplinary collaboration. This was achieved by transferring knowledge about patients along the care pathway, through multi-disciplinary team meetings and paperwork. ERAS was a ‘message’ that had to be communicated to all staff but there were concerns about funding constraints, staffing levels and high volumes of patients. Access to information about the intervention was variable. The characteristics of individuals impacted on implementation and staff were reluctant to change working practices where ERAS was seen as being incompatible with professional judgements. Formal and informal targets were used to inform service delivery. Within ‘process’, protocols were used to streamline care although these had to be flexible to meet individual needs. Participants thought that ‘top down’ encouragement, monitoring and regular meetings helped to ensure team engagement. Involving strong opinion leaders in its development and ‘champions’ that drove through implementation and acted as a point of contact, helped facilitate implementation. Reviewing outcomes data, informal communication to discuss progress and patient feedback, helped to develop ERAS over time. 

Findings on patients’ experiences of ERAS showed that time to surgery varied and cancellations were emotionally difficult. Patients valued pre-operative education, but timings meant that not all patients were offered educational classes. Participants wanted more information on expected progress, along with emotional support. There were different experiences of being offered a choice of anaesthesia. For some, this was explained in advance of admission, others were consulted on the day of surgery which caused anxiety and prevented them making an informed choice.  Some participants identified inconsistencies in information between their pre-operative education and inpatient care which they found troubling. Most were enthusiastic about mobilising quickly after surgery, although others felt under pressure and wanted to leave their bodies time to “heal”. Most participants reported feeling “ready” to return home and this was enhanced by discharge preparation before admission and the support of family. However, a small number felt they were under pressure to be discharged before they were well enough. Post-operative recovery in the first few weeks was often the most challenging period and some were unsure how to perform exercises and daily tasks or were worried about unfamiliar bodily sensations. They wanted more post-discharge input to provide “reassurance”. Follow-up appointments were therefore considered a key point in recovery. 

How findings relate to current literature
Findings characterise differences in how ERAS services for hip and knee replacement are delivered by identifying barriers and enablers to their successful implementation. This may help to account for variation in health outcomes for these surgeries9. For instance, meeting patient needs may help them to work more successfully towards their own recovery. Findings reflect those from previous studies that have explored processes that influence implementation of ERAS for other conditions79,85,89. These found that multidisciplinary collaboration was essential and that this could be threatened by the need to coordinate working practices across different departments86. Likewise, components of ERAS were seen as incompatible with working practices of some members of the multi-disciplinary team, this meant that some staff were resistant to change90. A need to engage staff was emphasised and ERAS ‘champions’ were seen as a means of achieving this goal22’85. The importance of providing education and information to patients and providing realistic expectations of their recovery was discussed24,79. Temporality, or strategies to embed ERAS over time, were discussed in a small number of studies52. Studies have been synthesised in a recent systematic review78. Our study contributed to this literature by emphasising the importance of meeting patient needs in service design and for effective collaboration between primary and secondary care services. 

Previous work has highlighted the value of pre-operative education as a way of helping patients prepare emotionally and practically for colorectal surgery91. In other surgeries, inconsistencies between pre-operative education and inpatient experiences in colorectal and colonic surgeries have also been previously identified and our findings accord with these21,92. Patients undergoing colorectal surgery expressed enthusiasm about working towards their own recovery91, a finding reflected in our work. In addition, some colorectal patients echoed the tension we identified between meeting the demands of the programme and allowing themselves time to recover94. Several of these also worried they were being discharged too early20,21. A recent review of patient experiences of ERAS for a range of surgeries reflects one of the core findings of our study about the importance of post-discharge support20,93. Other issues identified in our study relate to challenges in the wider healthcare system such as the cancellation of elective surgeries due to funding constraints95 and discharge delays23. 

Our study identified issues that may relate specifically to ERAS as delivered in hip and knee replacement. For instance, in that some patients felt unable to make an informed choice about anaesthesia, although both local and general anaesthesia may be used96. Challenges were identified in the post-operative period, particularly around difficulties in performing physiotherapy exercises that are a crucial component of rehabilitation13 and a desire for more assistive devices.  

Patient experiences of ERAS for hip and knee replacement can be understood using Mol’s work that explores how healthcare professionals interact with patients and negotiate processes of care97. Processes of negotiation became apparent when patients began engaging in efforts to mobilise post-surgery. In the immediate post-discharge period, most patients were enthusiastic about working towards their recovery or reported how decisions were taken in collaboration with healthcare professionals who ‘tinkered’ with their care to address individual needs. However, others reported tensions between the expectations of healthcare professionals and their own preferences and expressed a desire for a greater element of control. Issues were echoed in discussions around timing of discharge. By contrast, once they had been discharged, patients struggled with their autonomy and wanted more support to guide their rehabilitation. The study also highlights the physical and emotional work that patients did as ‘active’ participants in their recovery97.

Strengths and weaknesses 
Using ethnographic research methods involved spending extended periods of time at study sites using multiple research methods that provided a rounded account of practice. Analysis included information about what people did as well as what they said, and their reasons for their actions and decisions98. Different numbers of participants were drawn from each of the study sites, meaning that experiences at some hospital sites may be over represented in the analysis. This was mitigated by analysing data from each hospital as a discreet data set and then comparing and contrasting findings. We conducted recruitment of patients through busy healthcare professionals working within services, and we did not ask them to keep records of those who were approached but who did not take part out of respect for the professionals’ busy workloads. This means that there is the chance that those who participated may not represent the experiences of all patients accessing services. However, inclusion of four hospitals, the relatively large sample size of healthcare professionals (n = 38) and patients (n = 37) with diverse characteristics, achievement of data saturation83 and robust analysis provides confidence that findings may be transferrable to other settings99. In addition, patients interviewed were either in hospital awaiting discharge, or were already at home. 

Discussions around pre-operative and inpatient experiences represent the views of all patients who participated in the study (n = 37). We found that experiences in both groups were broadly similar and therefore do not make a distinction between them in the analysis. Post-operative accounts relate only to those who had been discharged from hospital at the time of interview (n = 15).

The CIFR provided a theoretical basis to our analysis. We used CFIR because of its emphasis on meeting patients’ needs in service design. Our study highlighted that meeting patients’ needs was central to its successful implementation into everyday practice. By using inductive coding and transposing themes onto the theory that we thought was the best ‘fit’ for the data, we ensured that data were not forced into predefined constructs. A challenge that we encountered in analysis was how best to make decisions about where themes fitted best, particularly when it was possible that these could be mapped against more than one construct. Where this was the case, themes were mapped onto the construct that was considered to be the best ‘fit’ or coded into more than one construct. 

Future research
Study participants reflected on the role of primary care in delivering components of ERAS, including processes of referral and post-discharge support. Further research could explore how primary care interacts with ERAS protocols, providing a more comprehensive understanding of the delivery of ERAS. In addition, further research should explore patient experiences of referral from primary to secondary care services to provide a more comprehensive account of experiences through the care pathway. 

Conclusions
Our qualitative research with healthcare professionals as participants demonstrates that successful implementation of ERAS services for THR/TKR depends on several aspects, such as the extent to which services have been adapted to meet individual needs, effective communication between staff and planning processes. 

Our qualitative research with patients highlights the perceived value of pre-operative education and information to empower patients to become active participants in their care. Our findings also show some tensions between the need to mobilise early and the desire to have time to “heal” after surgery. There are also challenges after discharge, including how to access support when needed. This study highlights how patients might value more information and support from healthcare professionals, particularly in the post-discharge period, to enable them to work more effectively towards their own recovery. 




[bookmark: _Toc531286084][bookmark: _Toc15393274]Chapter 7: Health economics of enhanced recovery and joint replacement  
[bookmark: _Toc531286085][bookmark: _Toc15393275]Background
Following the findings that the introduction of a national ERAS programme maintained improvement on patient outcomes but did not alter the rate of change already underway (see Chapter 6) we do not report the results of the cost-effectiveness model as it predicts no differences in outcomes following the implementation of the programme. Hence, we review the literature on the cost-effectiveness of enhanced recovery of hip and knee replacement. Previous systematic reviews have considered joint replacement versus conservative management77 78 and specific components of enhanced recovery such as thromboprophylaxis79 80. However, there are no reviews considering the cost-effectiveness of a complete enhanced recovery pathway, or of most of the components. Also, there is limited evidence about the primary care and hospital costs of primary elective joint replacement in the subsequent years after surgery. It is important to have up-to-date and robust data on the costs of joint replacement and its drivers to inform decisions about changes in health service delivery and produce good practice guidelines59. Investment and disinvestment decisions regarding new osteoarthritis and joint replacement interventions are driven by cost-effectiveness evidence63, where resource use and costs are a key input.

[bookmark: _Toc15393276]Aims
· To assess the evidence from cost-utility analyses of enhanced recovery pathways for patients having joint replacement for osteoarthritis, report on the quality of these studies and identify research gaps for future work. 
· To assess the primary care and hospital costs for NHS England of primary joint replacement up to 2 years post-surgery, contrast resource use and costs by operation types, and estimate the main predictors of 1-year hospital costs following joint replacement.
[bookmark: _Toc531286086]
[bookmark: _Toc15393277]Methods of systematic review of cost-effectiveness of enhanced recovery following hip and knee replacement
The methods of the systematic review were registered with the International Prospective Register of Systematic Reviews, number CRD42017059473. We defined the search strategies and database selection with assistance from an information specialist and by comparing our search terms with those from previous reviews and review protocols of economic evaluations of joint replacement. We searched Ovid MEDLINE, Embase, the National Health Service Economic Evaluations Database (via the Cochrane Library), and EconLit (via ProQuest), for English-language peer-reviewed papers published between 1 January 2000 and 1 March 2017 that included a cost–utility analysis of an enhanced recovery pathway or components of one, compared to usual care in patients having hip or knee replacement (the complete search strategy is presented in Report Supplementary Material File 7Appendix 9). Abstracts or conference presentations were excluded as results are not presented in sufficient detail to allow critical appraisal of the economic evaluations.
 
We included studies with participants undergoing joint replacement for osteoarthritis and excluded populations with other indications for surgery, such as avascular necrosis, inflammatory arthropathy, previous/failed surgery, cancer, congenital conditions or infection will be excluded, as well as studies looking at emergency procedures (eg, due to trauma). We assumed that studies without details of the indication for surgery were representative of a population with osteoarthritis, and therefore included these studies. We also excluded evaluations of surgical technique or choice of implant.  

Economic evaluations of any preoperative, perioperative or postoperative intervention within the joint replacement enhanced recovery pathway were included, in addition to studies considering enhanced recovery pathways as a whole. Interventions had to be those that form part of the usual pathway of care (with or without enhanced recovery) for joint replacement. We included model-based evaluation and randomised controlled trials/cohort-based economic evaluation and restricted the analysis to cost-utility analyses (ie, reporting costs per QALY gained) as these are the preferred approach to inform decisions81.
 
The search strategy and inclusion/exclusion criteria were piloted by two reviewers. For the latter, the search was run and inclusion/exclusion criteria were applied to 10% of the search results to check consistency between reviewers. Studies were then independently screened based on their titles and abstracts by three reviewers. ENDNOTE X7, Thomson Reuters, was used to manage the references. Full texts were obtained for studies chosen for inclusion by any reviewer. As an amendment to the protocol, evaluations of thromboprophylaxis were excluded at the full-text stage due to a recent comprehensive systematic review in this area79. Data extraction was performed by three reviewers, with disagreements resolved by a fourth reviewer, using a standardised form (presented in Report Supplementary Material File 8Appendix 9).

The quality of reporting and risk of bias of the economic evaluations was assessed using the Consensus on Health Economic Criteria (CHEC) list82, the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) questionnaire for modelling studies83, and the Assessment of the Validation Status of Health-Economic decision models tool (AdViSHE)84. Items in the checklists were marked as Yes, No, Unknown or Not Applicable for each study, and a final assessment of the risk of bias was made by the reviewer. We added the Cochrane Collaboration’s tool85 to the original protocol to assess risk of bias in trial-based studies, referring to the original reports of trial outcomes where necessary.
  
The principal outcomes reported in this review were a point estimate of cost-effectiveness in terms of incremental cost per QALY gained, and the probability of an intervention being cost effective according to the willingness to pay threshold used by the authors of each study.

[bookmark: _Toc15393278]Results of systematic review 
We identified 11,060 studies, and one additional study was found from other sources.  After excluding duplicates, we screened 6221 titles and abstracts. We excluded 6072 papers based on their abstracts and 136 following review of their full texts (reasons for exclusion given in Figure 22).  We therefore included thirteen papers in this review.86-98
[image: ]

Figure 22. PRISMA flow diagram of studies included in this review

Table 14 summarises the characteristics of the 13 studies.  Five studies included both hip and knee replacement patients,86 87 89 90 92 five included only hip replacement patients,91 93-95 98 and three only knee replacement patients.88 96 97 Two papers evaluated an entire enhanced recovery pathway,86 87 and the remainder evaluated components of a pathway such as: optimization of comorbidities (specifically morbid obesity),88 measures to reduce allogenic blood transfusion,90 91 local infiltration of anaesthetic,92 prophylactic antibiotics and other infection prevention measures,89 93-95 and physical therapy.96 97  The final study98 concerned the optimal timing of follow-up post surgery.

The results of the 13 studies are summarised in Table 15. The types of costs, populations and tools used for eliciting utilities, and additional results for each study are reported in Report Supplementary Material File 7Appendix 8. 



Table 14. Summary of studies included in the review
	First author year
	Comparison
	Joint
	Study type
	Country

	Enhanced recovery pathway
	
	
	

	Brunenberg 2005 86
	Joint Recovery Programme (pre- assessment and intensive rehabilitation), vs conventional care
	Hip and knee
	Trial-based
	Netherlands

	Larsen 200987
	Accelerated perioperative care and rehabilitation, vs conventional care
	Hip and knee
	Trial-based
	Denmark

	Preoperative
	
	
	

	McLawhorn 2016 88
	Bariatric surgery followed by TKA 2 years later, vs immediate TKA
	Knee
	Markov model
	US

	Courville 201289
	Preoperative nasal screening for S. aureus colonization followed by mupirocin treatment for patients with positive cultures, vs empirical treatment of all preoperative patients with mupirocin, vs standard infection prevention measures without S. aureus screening or mupirocin decolonization.
	Hip and knee
	Decision tree model
	US

	Intraoperative
	
	
	
	

	Jackson 200090
	Postoperative erythrocyte recovery and transfusion, vs usual transfusion practice
	Hip and knee
	Markov model
	US

	Sonnenberg 2002 91
	Autologous blood donation and transfusion, vs usual practice without autologous donation
	Hip
	Markov model
	US

	Marques 2015 92
	Intraoperative local anaesthetic wound infiltration administered before wound closure in addition to standard anaesthesia, vs standard anaesthesia
	Hip and knee
	Trial-based
	UK

	Cummins 2009 93
	Antibiotic-impregnated bone cement, vs conventional cement
	Hip
	Markov model
	US

	Graves 2016 94
	Nine arms, comparing combinations of prophylactic systemic antibiotics, antibiotic-impregnated cement, laminar airflow and body exhaust suits
	Hip
	Markov model
	UK

	Merollini 2013 95
	No antibiotic prophylaxis, antibiotic prophylaxis and antibiotic-impregnated cement, and antibiotic prophylaxis and laminar airflow, each compared to a baseline strategy of routine antibiotic prophylaxis 
	Hip
	Markov model
	Australia

	Postoperative
	
	
	
	

	Fusco 2016 96
	10 face-to-face rehabilitation sessions plus 10 telesessions, vs 20 face-to-face rehabilitation sessions
	Knee
	Markov model
	Italy

	Kauppila 201197
	Multidisciplinary biopsychosocial outpatient rehabilitation programme, vs conventional orthopaedic care
	Knee
	Trial-based
	Finland

	Bolz 201098
	2-yearly routine follow-up, vs follow-up at 3 months and 1 or 2 years, vs no follow-up
	Hip
	Markov model
	Australia


NHS: National Health Service; THA: total hip arthroplasty; TJA: total joint arthroplasty; TKA: total knee arthroplasty; UKA: unicompartmental knee arthroplasty



Table 15. Summary of findings from studies included in this analysis
	Authors, country
	Population
	Strategy
	Cost-effective?

	Enhanced recovery pathway

	Brunenberg, et al.,86 Netherlands
	THA and TKA
	Conventional care
	-

	
	
	Joint Recovery Programme (pre- assessment and intensive rehabilitation)
	Yes, more effective and less costly

	Larsen, et al.,87 Denmark
	THA
	Conventional care
	-

	
	
	Accelerated perioperative care and rehabilitation
	Yes, more effective and less costly

	
	TKA
	Conventional care
	-

	
	
	Accelerated perioperative care and rehabilitation
	Yes, less effective but less costly

	Preoperative

	McLawhorn, et al.,88 US
	Morbid obese TKA
	Immediate TKA
	-

	
	
	Bariatric surgery, followed by TKA 2 years later
	Yes

	Courville, et al.,89 US
	THA and TKA
	Standard infection prevention measures without S. aureus screening or mupirocin decolonization OR preoperative nasal screening for S. aureus followed by mupirocin treatment for patients with positive cultures
	-

	
	
	Empirical treatment of all preoperative patients with mupirocin
	Yes, more effective and less costly

	Intraoperative

	Jackson, et al.,90 US
	THA and TKA
	Usual transfusion practice
	-

	
	
	Postoperative erythrocyte recovery and transfusion
	No

	Sonnenberg,91 US
	THA
	Usual practice without autologous donation
	-

	
	
	Autologous blood donation and transfusion
	Yes

	Marques, et al.,92 UK
	THA and TKA
	Standard anaesthesia
	-

	
	
	Intraoperative local anaesthetic wound infiltration administered before wound closure in addition to standard anaesthesia
	Yes, more effective and less costly

	Cummins, et al.,93 US
	THA
	Conventional cement
	-

	
	
	Antibiotic-impregnated bone cement
	Yes, more effective and less costly

	Graves, et al.,94 UK§
	THA
	No systemic antibiotics, plain cement and conventional ventilation
	

	
	
	Systemic antibiotics, antibiotic-impregnated cement and conventional ventilation
	Yes, more effective and less costly

	Merollini, et al.,95 Australia
	THA
	No antibiotic prophylaxis OR antibiotic prophylaxis OR antibiotic prophylaxis and laminar airflow  
	

	
	
	Antibiotic prophylaxis and antibiotic-impregnated cement
	Yes, more effective and less costly

	Postoperative

	Fusco & Turchetti,96 Italy
	TKA
	20 face-to-face rehabilitation sessions
	-

	
	
	10 face-to-face rehabilitation sessions plus 10 telesessions
	Yes, same effectiveness but less costly

	Kauppila, et al.,97 Finland
	TKA
	Conventional orthopaedic care
	-

	
	
	Multidisciplinary biopsychosocial outpatient rehabilitation programme
	No

	Bolz, et al.,98 Australia††
	THA
	2-yearly routine follow-up OR follow-up at 3 months and 1 or 2 years
	

	
	
	No follow-up
	Yes




Whole enhanced recovery pathway
Larsen and colleagues report an economic analysis alongside a randomized trial with 56 hip replacement and 31 knee replacement participants in Denmark.87  The pathway used in the treatment arm (“accelerated care”) was not different from the control group (“conventional rehabilitation”) in terms of intraoperative management, analgesia, nausea control or bowel regulation.  Differences in the treatment protocols between the two arms involved patient education, nutrition, admission times, staffing, and mobilization (described in Report Supplementary Material File 7Appendix 9).  The accelerated care pathway was less costly and more effective than the control group both overall and in the subgroup of hip replacement participants.  For knee replacement patients, the authors reported the accelerated care pathway to be cost-saving but less effective compared to the control group, albeit not statistically significant. They reported a cost saving of 618,075 Danish krone per QALY lost with accelerated care compared to conventional rehabilitation, which made it cost-effective (threshold of 160,000 krone per QALY in Denmark).

Brunenberg and colleagues report an economic evaluation of a before-after trial with 98 hip and 62 knee replacement participants in The Netherlands.86 The intervention (‘Joint Recovery Programme’) consisted of a 20-minute pre-assessment screening 6 weeks before the operation for physical assessment and analysis of the home situation to aid discharge planning, patient education sessions 1 to 2 weeks before surgery; group rehabilitation sessions, and supervision by physical therapists and nurses (described in Report Supplementary Material File 7Appendix 9).  Patients in the ‘usual care’ group underwent conventional physiotherapy for one hour daily, did not receive pre-assessment screening or information sessions, and discharge arrangements were addressed during admission to hospital. The joint recovery programme intervention was less costly and more effective than the control group for both hip and knee replacement, resulting in a cost saving of 1261 United States dollars (USD) per patient for hip replacement and 3336 USD per patient for knee replacement, albeit with no statistically significant difference in QALYs.  The probability that the joint recovery programme was the most cost-effective option was above 80% for willingness to pay thresholds up to 45,000 USD.

Preoperative components of enhanced recovery pathway
McLawhorn and colleagues88 used a Markov model to assess the cost-effectiveness of bariatric surgery two years before TKA for morbidly obese (body mass index ≥35 kg/m2) patients who were candidates for both operations due to end-stage knee osteoarthritis and failed non-operative weight-loss interventions. The strategy including bariatric surgery was cost-effective at the stated willingness to pay threshold of 100,000 USD per QALY in 98.8% of probabilistic simulations.

Courville and colleagues89 compared three strategies of screening for and treating Staphylococcus aureus colonization to prevent deep surgical site infections for TKA and THA. They found that decolonization of all preoperative patients with mupirocin, without testing for S. aureus, was the dominant strategy (cheaper and more effective) when compared to treating only patients testing positive for S. aureus, or no screening or decolonization for S. aureus.

Intraoperative components of enhanced recovery pathway
Two studies investigated strategies to reduce allogenic blood transfusions, either by collecting autologous blood prior to surgery,91 or by aseptic collection of wound drainage.90  Autologous blood prior to surgery was found to be cost-effective at 2750 USD per QALY gained, whereas aseptic collection of wound drainage was not at a cost of 5.7 million USD per QALY gained. 
 
Marques and colleagues conducted economic evaluations92 alongside two randomized controlled trials of adding local wound infiltration with bupivacaine to usual anaesthetic care for THA and TKA.92  The infiltration of local anaesthetic was found to be less costly and more effective compared to standard anaesthesia in both hip and knee replacement patients. Three studies used Markov models to investigate measures to reduce surgical site infection in the United States,93 United Kingdom,94 and Australia.95  The cheapest and most effective measure in all three included use of antibiotic-impregnated cement. The two studies that looked at other factors94 95 each found the use of prophylactic systemic antibiotics to be less costly and more effective than non-use, and the use of conventional ventilation in operating theatres to be less costly and more effective than laminar airflow ventilation.  Graves and colleagues94 considered use of body exhaust suits, and found them to be dominated by strategies that did not include use of these suits.

Postoperative components of enhanced recovery pathway
Fusco and Turchetti96 used a Markov model to evaluate a strategy of ten face-to-face rehabilitation sessions followed by ten telerehabilitation sessions after knee replacement, compared to twenty face-to-face sessions. They found the strategy including telerehabilitation to be cost saving, and improved range of movement (knee flexion).  However, they found no utility data for patients following a telerehabilitation programme so for their base case assumed it to be non-inferior to face-to-face rehabilitation. In a sensitivity analysis, if telerehabilitation conferred an improvement in quality of life of at least 2.5%, the strategy’s probability of being cost-effective was 1 (at a willingness to pay threshold of 30,000 euros per QALY).

Kauppila and colleagues97 performed an economic evaluation of a ten-day outpatient rehabilitation course between two and four months after knee replacement that included clinical assessments, physical activity, sessions with a psychologist, and lectures from an orthopaedic surgeon, nutritionist and social worker.99  They found that patients who completed this course had higher costs and slightly worse quality of life outcomes over the 1 year of follow-up (albeit not statistically significant) compared to those receiving conventional orthopaedic care.

Bolz and colleagues98 compared three follow-up strategies: two-yearly routine follow-up; follow-up twice (at three months, and between one and two years after surgery); or no follow-up. The model assumed no revisions would be delayed in either strategy that included follow-up, and the outcomes for these two strategies were identical in each analysis. The no follow-up strategy was dominant for any assumed rate of delayed revision between 1% and 50%. 

Assessment of study quality and reporting quality
Using the CHEC list, the quality of the studies was generally good (see Figure 23.a).  However, the time horizon in the four trial-based studies (one year)86 87 92 97 and two model-based studies (one89 and seven98 years) was too short to capture all relevant outcomes or costs.  Furthermore, most studies did not report whether they had conflicts of interest.

Using the Cochrane Collaboration’s tool (Figure 23.b), the risk of bias of the trial-based studies was low for items such as incomplete outcome data and selective reporting but high or uncertain for the remainder. Three trial-based studies stated that participants were allocated at random,70 92 99 the fourth was a before and after trial whereby patients were recruited consecutively from a waiting list for hip and knee replacement86. Larsen and colleagues70 discussed stratification, and Kauppila and colleagues99 reported a computer-generated sequence. The risk of bias could not be assessed accurately as the random sequence generation was not described precisely in any of the studies. The staff administering the interventions were not blinded to allocation in any trial, and in three trials86 92 99 outcomes were assessed by researchers aware of the treatment allocation.

Using the ISPOR questionnaire, the quality of the model-based studies was generally good (Figure 23.c). However, none of the model-based studies reported a detailed process for internal and external validation. Three studies90 91 96 were based on previously published models.100-102  Of these, only Briggs and colleagues100 (the basis for Fusco and Turchetti’s model96) provided details of model validation. Further limitations in model validation were highlighted with the AdViSHE tool (Figure 23.d).84




[image: ]Figure 23. Assessments of study quality based on tools from (a) Consensus on Health Economic Criteria, (b) International Society for Pharmacoeconomics and Outcomes Research questionnaire, (c) Assessment of the Validation Status of Health-Economic decision models tool, and (d) Cochrane Collaboration

[bookmark: _Toc15393279]Methods of estimating costs of joint replacement  
[bookmark: _Toc531286087]Setting and data sources
We used an incidence-based approach to estimate the primary and hospital care costs. Individuals undergoing an elective admission for joint replacement were identified and followed up retrospectively using data from three sources: National Joint Registry (NJR), Hospital Episode Statistics (HES) and CPRD GOLD (see Chapter 2).
 
[bookmark: _Toc531286088]Study participants
To estimate hospitalisation costs, we only included individuals, identified in the NJR-HES-PROMS linked dataset, with a planned surgery for joint replacement between April 2008 and January 2017 (observation period). Patients without a concordant date of replacement between NJR and HES databases were excluded from the analysis. If an individual had a primary joint replacement and a contralateral joint replacement during the observation period we counted the costs from the primary joint replacement and only included the patient once in the analysis. To estimate outpatient and primary care costs, we only included patients in the CPRD GOLD dataset with a first ever clinical or referral record of planned joint replacement occurring from 1 April 2008 until 31 December 2016. For further detail on cost methodology see Report Supplementary Material File 9.

Death, complications and revisions at 1 year
All-cause mortality was estimated at 30 days and 1-year from the day of planned admission due to joint replacement and using the date of death from the ONS mortality database. 
For hospitalisation costs, we defined post-operative complications as one or more events happening up to 1-year after joint replacement. We also identified revisions occurring up to 1-year following joint replacement from revisions declared to the NJR registry by the surgeons and revisions reported to HES.
Costs
Hospitalisation costs were estimated by converting the diagnosis and operational codes for each finished consultant episode (FCE) in a hospital admission into a Healthcare Resource Group (HRG) via the 2016/17 Case mix Grouper Software (HRG4+)31. HRGs are standard groups of clinically similar treatments that consume a common set of healthcare resources. HRGs for each FCE were then valued using NHS reference costs from 2016/17 and appropriate methodology103 and summed to produce the total cost per hospital admission.

Primary care contacts included GP consultations in clinic/surgery, telephone contacts and out-of-office visits. These also included nurse face-to-face and non-face-to-face contacts and contacts with other community health-care professionals (e.g. health visitor or physiotherapist). Primary care contacts and tests were costed using 2016/17 unit costs from national cost databases104. Pharmaceuticals were costed by matching each prescribed medication to a BNF code and valuing these using 2016/17 cost data from NHS Digital Prescription Cost Analysis105. See appendix 2Report Supplementary Material File 9 for more details on the cost methodology. Total costs per patient were aggregated into monthly and annual amounts for the purposes of the analysis.

Statistical analysis
We report total hospital inpatient costs for patients with complete follow-up data at years 1 and 2 following joint replacement and for the whole sample after adjusting for censoring using the methodology developed by Lin et al106. Costs are reported as means together with their 95% confidence intervals, obtained from 1000 bootstrap estimates. We estimated the total annual joint replacement costs in the UK by multiplying the NHS primary and hospital costs in the year of surgery by the number of primary joint replacements in 2017 (96,717 hip and 106,334 knee replacements). 

Predictors of hospitalisation costs of joint replacement were estimated using a generalised linear model (GLM). After reviewing the literature, we examined the following predictors of costs in the year of the joint replacement: age; gender; EQ5D-3L/Oxford Hip/Knee score before surgery and change at 6 months; complications and revision up to 1 year after surgery; social deprivation index; Charlson co-morbidity score; BMI prior to surgery; type of joint replacement (unicondylar, total and patellofemoral for knee; resurfacing or total for hip); surgical variables; ASA grade before surgery; thrombolysis agents used (LWMH, none, aspirin and other), type of anaesthesia (general, epidural, spinal and nerve block), death, and year of surgery. 

We used t-test and Pearson Chi square test to evaluate the missingness for the potential predictors of costs (e.g. BMI, EQ5D/Oxford Hip/Knee scores before surgery and change at 6 months) in terms of age, gender, hospitalisation costs, length of stay, Charlson co-morbidity score and type of joint replacement. We also performed multiple imputation of the missing data using a chained model with 20 iterations regressed on complete variables to inform the prediction models (see Report Supplementary Material File 9Appendix 2 for more details).

The choice of the GLM model family and link functions was informed by the modified Park test and the Box-Cox test, respectively. We applied stepwise backward selection (at p<0.05) per 300 bootstrap samples to identify variables that were consistently selected for at least 50% of the analyses and inform the final models. A two-tailed t-test with alpha=0.01 (to account for the large sample size) was used to determine whether each coefficient was statistically significantly different from zero, and their selection as predictors of costs was informed using Akaike’s information criterion, mean square error and likelihood test. All analyses were performed using STATA version 15 (StataCorp, College Station, TX).

[bookmark: _Toc15393280]Results of costs of joint replacement  
We identified 397,119 and 457,747 patients as having had a primary THR or TKR, respectively, in the NJR-HES-PROMS linked dataset. Table 16 reports the baseline characteristics of the two cohorts. A lower proportion of women composed the THR cohort compared to TKR (40.4% vs. 57.0%). Younger individuals (69.1 vs. 69.5 years old) with lower BMI (28.8 vs. 30.7) underwent THR compared to TKR. Furthermore, the Oxford and EQ5D scores were slightly lower in the THR cohort (17.4 vs. 18.2 for OHS/OKS and 0.33 vs. 0.37 for EQ5D).

Table 16. Patient characteristics of study cohorts at primary joint replacement
	
	Hip replacement
	
	Knee replacement

	N=
	397,119
	
	457,747

	Age, mean (SD)
	69.1 (10.8)
	
	69.5 (9.5)

	Female, %
	40.4%
	
	57.0%

	White ethnicity, %a
	86.1%
	
	82.4%

	Index of multiple social deprivation, mean (SD)b
	18.0 (13.2)
	
	19.4 (14.0)

	BMI, mean (SD)c
	28.8 (5.2)
	
	30.7 (5.4)

	· Underweight (less than 18.5) 
	0.7%
	
	0.2%

	· Normal (18.5 to 25)
	19.4%
	
	9.7%

	· Overweight (25 to 30)
	39.8%
	
	34.4%

	· Class I obese (30 to 35)
	26.6%
	
	32.8%

	· Class II obese (35 to 40)
	10.1%
	
	16.4%

	· Class III obese (40 or more)
	3.4%
	
	6.7%

	Oxford Hip/Knee Score before surgery, mean (SD)d
	17.4 (8.2)
	
	18.2 (7.8)

	EQ5D-3L score before surgery, mean (SD)e
	0.33 (0.32)
	
	0.37 (0.32)

	Location, %f
	
	
	

	· Urban
	71.3%
	
	74.7%

	· Town and fringe
	12.8%
	
	11.8%

	· Village/isolated 
	15.9%
	
	13.5%

	Mean Charlson co-morbidity index, mean (SD)
	0.37 (0.75)
	
	0.4 (0.8)

	· Median (interquartile range)
	0 (0-1)
	
	0 (0-1)

	ASA grade, %
	
	
	

	· Fit and healthy (I)
	13.8%
	
	10.2%

	· Mild disease not incapacitating (II)
	70.3%
	
	73.7%

	· Incapacitating systemic disease (III)
	15.5%
	
	15.9%

	· Life threatening disease or expected to die within 24 hours (IV and V)
	0.4%
	
	0.3%

	Indication
	
	
	

	· Osteoarthritis
	96.8%
	
	98.8%

	· Osteoarthritis and other
	3.2%
	
	1.2%

	Operation type, n (%)g
	
	
	

	· Total joint replacement
	381,145 (98.1%)
	
	418,510 (92.4%)

	· Partial joint replacement
	-
	
	34,299 (7.8%)

	· Patellofemoral joint replacement
	-
	
	4,939 (1.1%)

	· Metal-on-metal resurfacing
	7,271 (1.9%)
	
	-

	Implant typeh
	
	
	

	· Bicondylar
	-
	
	92.0%

	· Metal-on-Metal
	4.6%
	
	-

	· Non Metal-on-Metal
	95.4%
	
	-

	Anaesthesiai  
	
	
	

	· General
	38.9%
	
	35.4%

	· Epidural
	4.6%
	
	4.6%

	· Nerve block
	8.0%
	
	15.3%

	· Spinal
	71.0%
	
	68.5%

	Thromboprophylaxis for joint replacement
	
	
	

	· None
	3.1%
	
	3.7%

	· Aspirin only
	5.1%
	
	5.6%

	· LMWH (with or without other)
	66.0%
	
	72.3%

	· Other (no LMWH)
	25.8%
	
	18.4%



Hospitalisation costs
The follow up for the THR and TKR cohorts was 3.9 years (SD 2.5) (see Table 17). In the first year after the joint replacement, 1.2% (n=4,071 out of 344,721) and 0.8% (n=2,965 out of 394,118) individuals died in the hip and knee cohorts, respectively. An improvement at 6-months was reported for both cohorts using the EQ-5D and OHS/OKS instruments.

Hospitalisation costs associated with index admission for THR were £6,208 (median £5,824, SD 969) compared to £6,122 (median £5,692, SD 967) for knee replacement. Mean LOS in the index admission was 4.82 (median 4, SD 3.8, IQR 3–6) and 4.77 (median 4, SD 3.5, IQR 3–5) days for THR and TKR, respectively. These costs and length of stay represent averages across the whole observation period. However, we found no clear trend in costs over the observation period when resource use was valued using the recommended NHS Reference costs from 2016/17 (see Table 18).    

The mean 1-year hospitalisation costs were estimated to be £7,817 (median £6,258, SD £4,618) and £7,784 (median £6,226, SD £4,520) for THR and TKR, respectively, of which the index admission accounted for 79.4% and 78.5% of the total. Hospitalisation costs and length of stay within one year were highly correlated for both types of joint replacement (Spearman correlation coefficient 0.84). Comparing 1-year costs over the observation period, we found that joint replacements decreased in each year relative to the previous (see Table 18). In 2015, TKR and THR 1-year costs were £194 (95%CI £136 to £252) and £253 (95%CI £191 to £315) lower compared to 2008, respectively, adjusting for other covariates.

Musculoskeletal diagnosis (ICD-10 chapter 13) accounted for 32%-35% of readmission costs within the first year of joint replacement, followed by injury diagnosis (ICD-10 chapter 19: 21%), and circulatory system diagnosis (ICD-10 chapter 9: 8%-9%) (see Table 19).  
Individuals undergoing partial knee replacement had on average lower 1-year costs and length of stay (mean £6,897 [SD £3,263] and 4.4 [SD 5.9] days, n=29,066] compared to individuals undergoing patellofemoral joint replacement (£7,381 [SD £3,892] and 5.4 [SD 7.7] days, n=4,370] and total knee replacement (£7,860 [SD £4,606] and 7.5 [SD 11.5] days, n=360,682). Individuals undergoing metal-on-metal resurfacing had on average lower 1-year costs and length of stay (mean £6,553 [SD £2,900] and 4.8 [SD 5.8] days, n=7,000) compared to individuals undergoing total hip replacement (£7,842 [SD £4,643] and 7.4 [SD 11.3] days, n=337,721).  

After adjusting for censoring, the mean 1-year costs were similar to the complete-case analysis at £7,827 (95% CI £7,813 to £7,842) and £7,805 (95% CI £7,790 to £7,818) for THR and TKR, respectively. For THR, the mean costs in the first 2 years following joint replacement (2-year) adjusted for censoring were £9,258 (95 % CI £9,233 to £9,280) compared to £9,277 (SD £6,927) using only the complete cases (n = 293,618). For TKR, the costs in the first 2 years following joint replacement (2-year) adjusted for censoring were £9,452 (95%CI £9,430 to £9,475) and similar to £9,446 using only complete cases (n=333,123). Comparing 2-year costs over the observation period, we found that joint replacements decreased each year relative to the previous (see Table 18). In 2014, TKR and THR costs were £373 (95%CI £283 to £463) and £323 (95%CI £233 to £413) lower compared to 2008, respectively, adjusting for other covariates. 

Table 17. Patient outcomes and hospitalisation costs
	
	Hip replacement
	
	Knee replacement

	Follow-up time in years, mean (SD)
	3.9 (2.5)
	
	3.9 (2.5)

	Mortality, n (%)
	
	
	

	· Within 30 daysa  
	514 (0.1%)
	
	0 (0%)

	· Within 1 yearb   
	4,071 (1.2%)
	
	2,965 (0.8%)

	Initial hospitalisation (index admission to discharge)c
	
	
	

	· Hospital length of stay, mean (SD)
	4.8 (3.8)
	
	4.8 (3.5)

	· Hospitalisation costs, mean (SD)
	£6,208 (£969)
	
	£6,122 (£967)

	Oxford Hip/Knee Score change at 6 months, mean (SD)d  
	20.1 (10.2)
	
	15.3 (10.0)

	EQ5D-3L score change at 6 months, mean (SD)e  
	0.40 (0.34)
	
	0.29 (0.33)

	Hospitalisation costs within 1 year of replacementb
	
	
	

	· Index hospitalisation, mean (SD)
	£6,207 (£990)
	
	£6,110 (£979)

	· Emergency hospitalisations after discharge, mean (SD)
	£648 (£2,880)
	
	£606 (£2,730)

	· Planned hospitalisations after discharge, mean (SD)
	£963 (£2,825)
	
	£1,067 (£2,850)

	· Total, mean (SD)
	£7,817 (£4,618)
	
	£7,784 (£4,520)

	Total length of hospital stay within 1 year of replacementb
	
	
	

	· Index hospitalisation, mean (SD)
	4.9 (3.8)
	
	4.8 (3.5)

	· Emergency hospitalisations after discharge, mean (SD)
	1.4 (7.4)
	
	1.4 (7.2)

	· Planned hospitalisations after discharge, mean (SD)
	0.9 (5.3)
	
	1.0 (5.5)

	· Total, mean (SD)
	7.3 (11.2)
	
	7.2 (11.2)

	Hospitalisation costs within year 2 after joint replacementf
	
	
	

	· Emergency hospitalisations, mean (SD)
	£524 (£2,598)
	
	£549 (£2,692)

	· Planned hospitalisations, mean (SD)
	£908 (2841)
	
	£1,090 (£3,020)

	· Total costs, mean (SD)
	£1,432 (£4,169)
	
	£1,639 (£4,353)

	Total length of hospital stay within year 2 after joint replacementf, mean (SD)
	1.9 (9.1)
	
	2.1 (9.5)


a 393,869 and 453,561 individuals with 30 day follow up in hip and knee cohorts, respectively
b 344,721 and 394,118 individuals with complete follow up, including those who died in that year, in the hip and knee cohorts, respectively. 
c 397,119 and 457,747 individuals in the hip and knee replacement cohorts respectively 
d 202,761 and 216,322 individuals with pre-surgery and 6 months Oxford hip/knee scores in the hip and knee replacement cohorts respectively
e 187,636 and 201,077 individuals with pre-surgery and 6 months EQ5D scores in the hip and knee replacement cohorts respectively
f 293,618 and 333,123 individuals with complete follow up, including those who died within 2 years of hip and knee replacement, respectively.




Table 18. Hospitalisation costs between 2008 and 2016*
	
	Hip replacement
	
	Knee replacement

	Initial hospitalisation costs (index admission to discharge)a
	
	
	

	· 2008
	Reference
	
	Reference

	· 2009
	-£3 (-20 to 15)
	
	£6 (-10 to 23)

	· 2010
	£8 (-11 to 25)
	
	£29 (12 to 46)

	· 2011
	-£27 (-43 to -11)
	
	£10 (-6 to 25)

	· 2012
	-£42 (-59 to -26)
	
	£1 (-14 to 17)

	· 2013
	-£63 (-79 to -47)
	
	-£7 (-22 to 9)

	· 2014
	-£67 (-83 to -51)
	
	£16 (1 to 31) 

	· 2015
	-£56 (-72 to -40)
	
	£43 (28 to 58)

	· 2016
	-£52 (-68 to -36) 
	
	£66 (51 to 81)

	Hospitalisation costs within 1 year of replacementb
	
	
	

	· 2008
	Reference
	
	Reference

	· 2009
	-£35 (-102 to 30)
	
	-£35 (-98 to 29)

	· 2010
	-£78 (-144 to -12)
	
	-£80 (-141 to -19)

	· 2011
	-£161 (-225 to -98)
	
	-£92 (-152 to -31)

	· 2012
	-£201 (-264 to -139)
	
	-£138 (-198 to -79)

	· 2013
	-£236 (-298 to -174)
	
	-£147 (-207 to -88)

	· 2014
	-£279 (-340 to -218)
	
	-£211 (-269 to -152) 

	· 2015
	-£253 (-315 to -191)
	
	-£194 (-252 to -136)

	Hospitalisation costs within 2 years after joint replacementc
	
	
	

	· 2008
	Reference
	
	Reference

	· 2009
	-£37 (-132 to 59)
	
	-£53 (-150 to 44)

	· 2010
	-£116 (-210 to -22)
	
	-£160 (-253 to -66)

	· 2011
	-£197 (-289 to -105)
	
	-£194 (-287 to -102)

	· 2012
	-£224 (-315 to -131)
	
	-£234 (-326 to -142)

	· 2013
	-£302 (-394 to -210)
	
	-£283 (-375 to -193)

	· 2014
	-£323 (-413 to -233)
	
	-£373 (-463 to -283)


a 394,124 and 454,010 individuals with in hip and knee cohorts, respectively
b 340,753 and 389,429 individuals with complete follow up in hip and knee cohorts, respectively, including those who died in that year. 
c 288,850 and 327,904 individuals with complete follow up in hip and knee cohorts, respectively, including those who died within 2 years of hip and knee replacement.
*Adjusted for variables with complete data at baseline using GLM model (gamma family and identity link): sex (binary), age in year of costs (continuous), Charlson index (continuous), consultant (binary), ASA grade (categorical), surgeon volume and unit volume. Costs concerns all joint replacement and are not adjusted for hip replacement (resurfacing and total) or knee replacement (total, partial and patellofemoral).



Table 19. Top 5 diagnosis groups for hospitalisation costs following joint replacement by ICD-10 code and year
	Hip replacement
	Knee replacement

	ICD-10
	Description
	Mean cost
	ICD-10
	Description
	Mean cost

	Year 1
	
	
	Year 1
	
	

	13
	Musculoskeletal
	£506
	13
	Musculoskeletal
	£573

	19
	Injury
	£333
	19
	Injury
	£348

	9
	Circulatory
	£139
	9
	Circulatory
	£133

	2
	Neoplasms
	£119
	18
	Symptoms
	£112

	18
	Symptoms
	£111
	2
	Neoplasms
	£106

	NA
	All others
	£259
	NA
	All others
	£263

	Year 2
	
	
	Year 2
	
	

	13
	Musculoskeletal
	£401
	13
	Musculoskeletal
	£508

	19
	Injury
	£213
	19
	Injury
	£274

	2
	Neoplasms
	£163
	2
	Neoplasms
	£157

	9
	Circulatory
	£154
	9
	Circulatory
	£155

	11
	Digestive
	£107
	11
	Digestive
	£117

	NA
	All others
	£297
	NA
	All others
	£312



Predictors of hospitalisation costs in the first year following joint replacement
[bookmark: _GoBack]Data were missing for 50% and 70% of patients concerning Oxford and EQ5D scores (before surgery and at 6 months), BMI or other predefined variables to inform the prediction of hospitalisation costs for hip and knee replacement, respectively. The cohorts with incomplete data had a lower proportion of total joint replacements, higher mortality rates at one-year, higher hospitalisation costs and higher length of stay compared to complete cases. Following multiple imputation, the predictors of hospitalisation costs for THR and TKR are shown in Tables 20 and 21, respectively. A GLM model with gamma family and identity link function was appropriate and had a good fit. 

Holding all else constant, conventional THR was more expensive on average than metal-on-metal resurfacing (£451, p<0.001). Women had higher mean hospitalisation costs than men (£167, p<0.001) and increasing age was associated with higher costs (£28 per additional year). Individuals with higher quality of life values (EQ5D and OHS) at baseline and reporting improvements at 6 months were associated with lower hospitalisation costs. Larger femur head size was associated with higher costs, with additional costs of up to £226 for head sizes over 53mm compared to the cost for head sizes of 28mm or under. We found significant variation in hospitalisation costs concerning bearing surfaces with strong evidence (p<0.01) that ceramic on ceramic, ceramic on metal and metal on ceramic bearing were associated with lower mean 1-year hospitalisation costs than metal on polythene bearings (the most common bearing type in the cohort). Costs were lower in recent years (-£31 per year, p<0.001), holding all else constant. Complications and revisions within the year were significantly associated with higher mean costs, with an additional £6,601 (p<0.001) and £11,255 (p<0.001) respectively. 

Holding all else constant, TKR was significantly associated with higher 1-year hospitalisation costs than unicondylar knee replacement (£391, p<0.001). Women had higher mean hospitalisation costs than men (£248, p<0.001) and costs were positively associated with age (£31 per additional year, p<0.001) and higher deprivation, with individuals living in more deprived areas having higher costs. Individuals with higher quality of life values (EQ5D and OKS) at baseline and those reporting improvements at 6 months had lower hospitalisation costs. Higher deformity and lower range of flexion were also significantly associated with higher costs. Costs were lower in recent years (-£10 per year, p<0.001), holding all else constant. Complications and revisions within the first year were significantly associated with higher costs, with an additional £6075 (p<0.001) and £7753 (p<0.001), respectively. 

The mean 1-year hospitalisation costs were higher for patients who died (an additional £4,682 for hip and £4,597 for knee replacement), mostly as a result of higher length of stay than those who survived the first year (mean of 30.4 days vs. 7.0 days for hip patients who did/did not die and 30.0 days vs. 7.0 days for knee patients who did/did not die).

Table 20. Predictors of 1-year hospitalisation costs following hip replacement (n=330,765)
	
	Proportion/mean in study cohort
	Mean additional cost
	95% CI
	p>z

	Type of joint replacement
	
	
	
	

	· Total hip replacement 
	97.9%
	Reference
	
	

	· Metal-on-metal resurfacing
	2.1%
	-£451
	-556 to -347
	p<0.001

	Age at replacement (centered at 69)
	69.1
	£28
	27 to 30
	p<0.001

	Age at replacement squared
	
	£0.9
	0.8 to 0.9
	p<0.001

	Sex
	
	
	
	

	· Male
	59.5%
	Reference
	
	

	· Female
	40.5%
	£167
	147 to 188
	p<0.001

	Charlson co-morbidity score
	0.36
	£380
	362 to 399
	p<0.001

	BMI at hip replacement
	28.8
	-£4
	-6 to -1
	p=0.002

	EQ5D score at baseline (.10)
	0.32
	-£105
	-113 to -96
	p<0.001

	EQ5D score change at 6 months (.10)
	0.41
	-£97
	-104 to -89
	p<0.001

	Hip score at baseline
	17.4
	-£30
	-32 to -27
	p<0.001

	Hip score change at 6 months
	20.1
	-£17
	-19 to -14
	p<0.001

	Calendar year of replacement (centered at 2012)
	
	-£31
	-35 to -26
	p<0.001

	ASA grade 
	
	
	
	

	· Fit and healthy (I)
	13.9%
	-£150
	-174 to -126
	p<0.001

	· Mild disease not incapacitating (II)
	70.4%
	Reference
	
	

	· Incapacitating systemic disease (III)
	15.3%
	£637
	600 to 675
	p<0.001

	· Life threatening disease or expected to die within 24 hours (IV and V)
	0.4%
	£2,112
	1,772 to 2,452
	p<0.001

	Head size
	
	
	
	

	· 28mm or under
	42.2%
	Reference
	
	

	· 29 to 35mm
	31.4%
	£45
	22 to 69
	p<0.001

	· 36 to 42mm
	23.4%
	£56
	27 to 85
	p<0.001

	· 43 to 48mm
	1.4%
	£29
	-72 to 129
	p=0.579

	· 49 to 52mm
	1.2%
	£66
	-59 to 191
	p=0.300

	· 53mm and above
	0.4%
	£226
	60 to 392
	p=0.008

	Bearing surfaces
	
	
	
	

	· Metal on polyethylene (MoP)
	61.9%
	Reference
	
	

	· Metal on Metal (MoM)
	4.3%
	-£29
	-105 to 47
	p=0.450

	· Ceramic on ceramic (CoC)
	16.9%
	-£40
	-69 to -10
	p=0.009

	· Ceramic on polyethylene (CoP)
	16.6%
	-£24
	-51 to 4
	p=0.094

	· Other (ceramic on metal or metal on ceramic)
	0.4%
	-£194
	-324 to -64
	p=0.003

	Surgeon volume of hip procedures (per 100)
	97.4
	-£16
	-28 to -4
	p=0.007

	Complications within 1 year
	6.0%
	£6,601
	6472 to 6731
	p<0.001

	Revision within 1 year
	0.9%
	£11,255
	10,800 to 11,709
	p<0.001

	Death
	1.0%
	£4,682
	4,374 to 4,991
	p<0.001

	Constant
	
	£8,600
	8,500 to 8,700
	p<0.001





Table 21. Predictors of 1-year hospitalisation costs following knee replacement (n=391,691)
	
	Proportion/mean in study cohort
	Mean additional cost
	95% CI
	p>z

	Type of joint replacement
	
	
	
	

	· Total knee replacement 
	92.5%
	Reference
	
	p<0.001

	· Unicondylar knee replacement
	7.4%
	-£391
	-429 to -353
	p<0.001

	· Patellofemoral replacement
	0.1%
	-£96
	-194 to 3
	p=0.057

	Age at replacement (centered at 69)
	
	£31
	30 to 32
	p<0.001

	Age at replacement squared
	
	£1.1
	1.0 to 1.2
	p<0.001

	Sex
	
	
	
	

	· Male
	56.8%
	Reference
	
	

	· Female
	43.2%
	£248
	227 to 269
	p<0.001

	Charlson co-morbidity score
	0.39
	£365
	350 to 381
	p<0.001

	Year of surgery (centered in 2012)
	
	-£10
	-15 to -6
	

	IMD score (divided by 100)
	0.19
	-£247
	-320 to -174
	p<0.001

	EQ5D score at baseline (.10)
	0.37
	-£96
	-104 to -88
	p<0.001

	EQ5D score change at 6 months (.10)
	0.30
	-£92
	-99 to -85
	p<0.001

	Knee score at baseline
	18.2
	-£26
	-32 to -25
	p<0.001

	Knee score change at 6 months
	15.2
	-£8
	-12 to -7
	p<0.001

	ASA grade 
	
	
	
	

	· Mild disease not incapacitating (II)
	73.7%
	Reference
	
	

	· Fit and healthy (I)
	10.2%
	-£153
	-184 to -122
	p<0.001

	· Incapacitating systemic disease (III)
	15.7%
	£622
	590 to 653
	p<0.001

	· Life threatening disease or expected to die within 24 hours (IV and V)
	0.3%
	£1,579
	1,324 to 1,834
	p<0.001

	Deformity
	
	
	
	

	· Under 10
	65.2%
	Reference
	
	

	· 10 to 30
	33.7%
	£62
	39 to 85
	p<0.001

	· Over 30
	1.1%
	£496
	386 to 606
	p<0.001

	Range of flexion
	
	
	
	

	· 91 to 110
	45.3%
	Reference
	
	

	· under 70
	2.1%
	£86
	10 to 163
	p=0.027

	· 70 to 90
	19.7%
	£54
	24 to 84
	p<0.001

	· over 110
	32.9%
	-£15
	-40 to 10
	p=0.238

	Type of surgeon
	
	
	
	

	· Consultant
	78.5%
	Reference
	
	

	· Other
	21.5%
	£51
	26 to 75
	p<0.001

	Approach
	
	
	
	

	· Medial parapatellar
	93.0%
	Reference
	
	

	· Lateral parapatellar
	1.0%
	£180
	77 to 282
	p=0.001

	· Mid-Vastus
	3.1%
	£29
	-27 to 86
	p=0.306

	· Sub-Vastus
	1.2%
	£119
	25 to 212
	p=0.013

	· Other
	1.7%
	-£15
	-90 to 60
	p=0.686

	Type of fixation
	
	
	
	

	· Cemented
	95.0%
	Reference
	
	

	· Uncemented
	4.2%
	-£66
	-114 to -18
	p=0.007

	· Hybrid
	0.7%
	£44
	-75 to 163
	p=0.468

	General anaesthesia 
	36.5%
	£74
	53 to 95
	p<0.001

	Complications within 1 year
	6.0%
	£6,075
	5,994 to 6,155
	p<0.001

	Revision within 1 year
	1.1%
	£7,753
	7,528 to 7,978
	p<0.001

	Death
	0.8%
	£4,597
	4,368 to 4,826
	p<0.001

	Constant
	
	£8,068
	8,010 to 8,126
	P<0.001




Costs before and after joint replacement
Adding primary, outpatient and inpatient hospitalisation costs, the mean NHS costs associated with THR amounted to £9,295 in the year of surgery (Figure 24) compared to £9,483 following TKR (Figure 2425). Using the annual number of UK primary joint replacements in 2017, the NHS primary and hospital care costs were estimated at £897 million (n=96,717) and £1,007 million (n=106,334) in the year of the THR and TKR, respectively. 

Hospitalisation costs accounted for the highest proportion of the total 1-year cost for both THR and TKR (82-84% of total costs in the year of joint replacement), followed by primary care (10-11% of total costs) and outpatient care (6-7% of total costs). In the second year after joint replacement, total costs decreased to £3,095 for knee and £2,692 hip cohorts, with inpatient costs again being the largest component (53% for both knee and hip). 

Figure 25 26 reports the hospitalisation costs in the months before and after joint replacement. The annual hospitalisation costs in the year of joint replacement were £6,753 (95%CI: £6732 to £6774) and £6,563 (95%CI: £6544 to £6583) higher for THR and TKR, respectively, compared to that of the previous year (Table 22). However, hospitalisation costs decreased in the 5 months prior to surgery reflecting lower hospital admissions leading up to the elective admission. In the year of joint replacement, about 81%-83% of hospitalisation costs occur in the first month post joint replacement. Costs in the second year after joint replacement were £389 (95%CI: 370 to 407) and £349 (95%CI: 329 to 368) higher compared to costs in the year prior to surgery for knee and hip replacement, respectively.

A similar pattern was observed with outpatient and primary care costs (Figures 26 27 and 2728) . Primary care costs in the year of the surgery were higher compared to the previous year at £64 (95%CI: £37 to £91) and £5 (95%CI: -£17 to £26) for TKR and THR, respectively (Table 23). The highest costs occurred in the first month after joint replacement. Outpatient costs were also higher in the year of surgery compared to the previous year, with additional £80 (95%CI: £53 to £107) and £15 (95%CI: -£31 to £1) for TKR and THR, respectively, with the highest costs occurring in the second month (Table 24). However, outpatient costs in the second year after surgery were significantly lower than in the year preceding the surgery for both types of joint replacement (-£105 [95%CI: -£78 to -£133] and -£126 [95%CI: -£109 to -£143] for knee and hip, respectively). In contrast, primary care costs were lower in the second year after surgery for THR (by -£53) but higher for TKR (by £37) compared to the year preceding surgery.
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Figure 24. Costs in the years before and after hip replacement
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Figure 2425. Costs in the months years before and after knee replacement
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Figure 26. Hospitalisation costs in the months before and after joint replacement

Table 22. Hospitalisation costs in the months before and after joint replacement
	
	Year before
	Year 1
	Year 2

	Knee*

Difference vs. year before
	£1,240

-

 N=297,794
	£7,803

£6,563
(6,544 to 6,583)
N=297,794
	£1,628

£389
(370 to 407)
N=297,794

	Hip*

Difference vs. year before
	£1,085

-

N=257,563
	£7,838

£6,753
(6,732 to 6,774)
N=257,563
	£1,434

£349
(329 to 368)
N=257,563


Legend: *Complete cases, including those who died in that year
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Figure 25. Hospitalisation costs in the months before and after joint replacement
Figure 27. Primary care costs in the months before and after joint replacement. 


	
	Year before
	Year 1
	Year 2

	Knee*

Difference vs. year before
	£960



N=23,601
	£1,024

£64
(37 to 91)
N=23,601
	£997

£37
(9 to 64)
N=23,601

	Hip*

Difference vs. year before
	£919



N=24,509
	£923

£5
(-17 to 26)
N=24,509
	£866

-£53
(-74 to -32)
N=24,509


 Figure 26Table 23. Primary care costs in the months before and after joint replacement.
 
Legend: *Complete cases, including those who died in that year
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Figure 28. Outpatient care costs in the months before and after joint replacement.

Table 24. Outpatient care costs in the months before and after joint replacement. 
	
	Year before
	Year 1
	Year 2

	Knee*

Difference vs. year before
	£576



N=13,793 
	£656

£80
(53 to 107)
N=13,793
	£470

-£105
(-78 to -133)
N=13,793

	Hip*

Difference vs. year before
	£518



N=13,708
	£533

£15
(-31 to 1)
N=13,708
	£392

-£126
(-109 to -143)
N=13,708


Figure 27. Outpatient care costs in the months before and after joint replacement. Legend: Legend: *Complete cases, including those who died in that year

[bookmark: _Toc15393281]Discussion
The systematic review of cost-effectiveness evidence of enhanced recovery identified two studies evaluating an entire pathway. This is consistent with reviews of cost-effectiveness of enhanced recovery programmes for other surgical sites,107-109 which have found few studies reporting the effect on quality of life and none presented cost-effectiveness results using QALYs. The enhanced recovery pathway was found to be associated with reduced costs for all patients and the incremental cost-effectiveness estimate favoured the enhanced recovery protocol, with a high probability of being the most cost-effective option. Furthermore, we were able to examine the hospitalisation costs of different types of joint replacement through their identification in the NJR dataset and linkage to hospital records. We found partial knee replacement to have lower 1-year costs than total knee replacement, even after adjusting for potential confounders. Previous studies have examined the costs of joint replacement but consisted of smaller samples and without linkage to NJR data65 110.

Cost-effectiveness of enhanced recovery
We identified 11 studies presenting cost–utility data for components of an enhanced recovery pathway. However, these cover only a few of the potential enhanced recovery pathway components and the available evidence was mostly based on single studies. These studies covered a variety of interventions, across different healthcare systems, and used different cost perspectives. The studies identified in this review were generally of good quality according to the CHEC list82 with a short time horizon identified as a key limitation in six studies.  When the models were assessed against the ISPOR questionnaire,111 there were concerns about the lack of model validation work, potentially questioning the reliability of nine of the thirteen studies identified. The trials were generally of good quality.
Our review had some limitations. We may have missed relevant evidence by limiting our search to reports published in the English language and excluding studies that did not report QALYs. Of the studies excluded due to not reporting QALYs, one investigated a complete enhanced recovery pathway.112  This was a retrospective review of TKA patients in Turkey who followed either a rapid-recovery protocol or a standard care protocol. The rapid-recovery protocol was found to be cost-saving and associated with statistically significant differences in knee flexion and extension at six months.

Costs of joint replacement
Consistent with Chapter 5, we found 1-year and 2-year hospitalisation costs to decrease over recent years. However, we found no clear trend concerning the costs of the elective surgery itself despite a significant decrease in length of stay between 2008 and 2016. This can be explained by the nature of costing in the NHS which is based on HRGs for hospital episodes rather than days in hospital. Therefore, it is key to note that such a costing approach was shown here not to be sensitive to capture what we would expect to be a decrease in costs.   

We identified a reduction in hospitalisation costs in the 5 months prior to surgery for both types of joint replacement, reflecting fewer hospitalisations leading up to the elective admission. This suggests that the selection of patients for joint replacement takes into account their recent history of hospital admissions. Furthermore, primary care costs were slightly lower in the second year after surgery for THR but slightly higher for TKR compared to the year preceding surgery, possibly reflecting differences in recovery times between the two procedures.

The main predictors of costs were similar for THR and TKR. As in previous work110, we found preoperative quality of life to be associated with hospitalisation costs; 1-year costs were higher for individuals with worse preoperative quality of life even after adjusting for other covariates. Also, 1-year costs were lower for individuals reporting improvements in quality of life at 6 months. 

Having a revision or complication was found to be associated with very high additional costs in the first year from surgery after adjusting for other covariates. Given the high annual primary care and hospital costs of £897 million and £1,007 million for THR and TKR, there is a considerable economic incentive to fund research aimed at identifying cost-effective ways of improving the quality of life of patients following joint replacement and reducing the risk of revisions and complications. 

[bookmark: _Toc531286090]Our study had some limitations. NJR data were obtained for individuals undergoing joint replacement with osteoarthritis as an indication for surgery. Hence, individuals without osteoarthritis as one of the indications were not available for analysis, e.g. rheumatoid arthritis or hip fracture. A large proportion of the cohort had missing data for one or more key covariates of the hospitalisation costs, in particular EQ5D/OHS responses and BMI, which necessitated the use of missing data methods, specifically multiple imputation. A key assumption whenever multiple imputation is utilised is that the missing data may be classified as Missing at Random. This assumption is always untestable but due to the large number of relevant covariates in our linked data we judged it to be reasonable in this case. 
[bookmark: _Toc15393282]Conclusion
Our systematic review found limited cost–utility evidence, either for an entire enhanced recovery pathway or for individual components of a pathway, for patients having THR or TKR. Our findings support the use of enhanced recovery pathways as a whole, prophylactic systemic antibiotics, antibiotic-impregnated cement and conventional ventilation. However, there is ample scope for future cost-effectiveness studies into enhanced recovery for THA and TKA patients. Furthermore, our study reports the costs of joint replacement and shows these to have decreased in recent years. We highlight the significant costs associated with revisions and complications following joint replacement and the incentive to reduce these in the patient population. We also identified significant differences between types of operation in TKR and THR that warrant further research. A key advantage of this study is the use of large amounts of primary care and hospital care data collected routinely in the NHS, meaning the data are representative of the range of individuals undergoing joint replacement. Therefore, the results are generalisable for use in other studies in the UK setting. Our results can be used as inputs in future work assessing the cost and cost-effectiveness of joint replacement, and in particular to explore heterogeneity between patient subgroups.



[bookmark: _Toc15393283]Chapter 8: Patient and public involvement
[bookmark: _Toc15393284]Second Forum Results
[bookmark: _Toc531286092]
[bookmark: _Toc531774434]Tuesday 7th November 2017
The group discussed the results of the statistical analyses in general. The group was encouraged to see that the preliminary results showed that the enhanced recovery pathway had not had a negative impact on patient outcomes. Members of the group requested that the results be broken down for different age groups and different comorbidities. The group discussed the presentation of the charts and thought that some of the diagrams were unclear. 

One member commented that “it was hard to see the results proportionally and they wanted the scale to be easier to read”. It was also noted that members were worried that some of the charts might be upsetting to patients. They want guidance rather than scaremongering. The group were interested in hospital acquired infection vs length of stay. The group wanted to know if it would it be possible to look at patients that are living alone and how it affects their outcomes. 
[bookmark: _Toc531286093]
[bookmark: _Toc15393285]Final Forum Results
[bookmark: _Toc531286094][bookmark: _Toc531774436]Tuesday 4th September 2018
Prior to the final meeting, the group were given a brief plain English summary of the last meeting and a reminder of the project aims. The meeting began by refreshing the group on the research project and discussing the previous meeting outcomes. The group thought that the patient outcomes listed could also be described as ‘getting it right’ for the patient. It was agreed that the four top outcomes were still the most important.

The group were then asked to discuss some preliminary diagrams that had been created to map the top four different patient outcomes for both THR and TKR. One group member thought it would be useful to compare the information in the maps with data on health and wellbeing. For example, people who live in deprived areas. The group discussed whether the maps properly reflected whether in certain areas, patients might arrive in hospital with a higher mark in the Oxford Hip and Knee Score but still had the replacement operation and how that would affect the measure of outcomes. One group member commented that “If you lived in one of these areas that did not score well, you would then be questioning why.”
It was suggested that the colours for the different maps should be consistent. For example, dark blue is positive for the pain and function map but displayed as negative on the complications map.

The group then moved on to discuss who this information should be given to. It was agreed that the information is most important for CCGs to look at and see what are they doing wrong rather than for a patient. The group were then asked whether the maps would be helpful for patients. It was thought that not all patients would have the mental capacity or wellbeing to make the decision to choose a better scoring hospital. It was agreed that most people would want to go to the local hospital. In particular, in order to help with travel before and after the operation and for family visiting. Waiting times would help to make a decision. E.g. The hospital with the shortest waiting time would be preferable. It was agreed that the maps would be too ‘bewildering’ if it was just handed to patients as they are already bombarded with information before operation. The PEP-R group agreed that the information would be useful for the CCGs, rather than for patients to see. It was agreed that it would be overwhelming for patients to see this information before an operation as some areas are marked as good for pain but bad for complications. The group agreed it was difficult to go on CCG area as individual hospitals have their own results. It was thought that amalgamating all the results to get one score on one map would be helpful. One group member commented that “the information shown on the map is quite high level but as a patient your choice is on a much smaller scale.”

[bookmark: _Toc308300833][bookmark: _Toc311366640]

[bookmark: _Toc15393286]Chapter 9: Final conclusions
[bookmark: _Toc15393287]Geographical variation
There are a number of factors that are predictive of whether or not a patient achieves a successful outcome following primary hip and knee replacement surgery. Consistent with the existing literature, we identified a number of patient and surgical factors that predicted outcome, in addition to some hospital orgainsational factors.  In respect of patient case mix factors, we found that patients achieving the best outcomes in respect of absolute change (improvement) in symptoms of patient self-reported pain and function before and 6-months after surgery were: older age, people living in affluent areas, those with no co-morbidities. 

This is as expected and such case-mix factors are known within the literature. Surgical factors we identified included bigger femoral head size (≥44 mm). None of the hospital organizational factors we explored predicted pain and functional outcomes. As expected patient case mix factors were also predictors of complications and length of stay. A number of the surgical and hospital organizational factors were found to predict these other outcomes. For example, hospitals with more beds available overnight for trauma and orthopaedics and those with units performing less THR per year related to longer stays for patients undergoing primary THR.

The findings above tell us about predictors of outcomes of surgery at a population level. However, outcomes of surgery are likely to vary at the small area level such as between individual hospitals and across health areas such as CCGs. A strength of using large national data from the NJR, is that we had the statistical power, and coverage, to explore geographical variation at the small area level. This allowed us to firstly describe variation in outcomes across health areas, and secondly, to then try and identify factors that could explain why such variation exists. In our study we observed substantial evidence of variation in patient outcome across the 207 CCGs. A key point is that this variation is seen after a national ERAS program has been rolled out. The absolute change in OKS varied from 11.2 to 19.1 (OHS 17.5 to 24.9), 6-month complication rate of TKR from 1.5% to 8.4% (THR 2.0% to 8.6%), mean length of stay TKR 2.7 to 6.6 days (THR 2.5 to 6.2), bed-day cost £4564 to £8901 (THR £4322 to £8566). Accounting for patient case-mix factors did not explain the observed variation across health areas. Neither did further adjustment for surgical and hospital organisational factors. Hence even though these factors do predict differences in outcome between patients, they do not explain the observed variation in outcome across health areas. 

This is an important finding, as a commissioning group cannot use patient case-mix as a justification for why they have worse outcomes than others.  However, there is still the potential for residual confounding, due to other measures of patient case mix not fully accounted for in our models e.g. the type of work that patients are returning to; levels of depression, assumptions about weighting in the Charlson that may not reflect the relative weight of different comorbidities’ influence over THR/TKR outcomes. This is however the most thorough attempt yet to adjust for patient, surgical, and hospital factors and given the magnitude of variation that remains, there would have to be really very strong residual confounding to fully explain the remaining variability. It was disappointing not to be able to find any variables captured in routine health data that could explain these observed variations. 

The potential explanation being that this variation is down to historical local hospital organisational contexts, and specific to local care process and care pathways, that cannot be captured and adjusted for in routine health data. Nevertheless, the information we present is important in highlighting that this variation exists, such that local hospitals and commissioning groups can be aware of how they are performing and take the necessary action and local audit to attempt to tackle the problem. It is also informative to patients in making a decision in deciding where to have elective surgery such as THR/TKR, as this is not emergency surgery and patients have a choice through the patient choice agenda.

[bookmark: _Toc15393288]Enhanced Recovery Care Pathway
[bookmark: _Toc15393289]Natural experimental study
Our data show that outcomes of primary THR and TKR have been gradually improving over time, with a decrease in length of stay, reduction in estimated average inpatient bed day cost, improvement in patient reported outcomes of pain and function, decrease in complications, and reduction in 5-year revision risk. These trends of improving outcomes were seen across all age groups, and in those with and without co-morbidity. These findings are positive, in highlighting that reductions in LOS have been achieved without adversely impacting on patient outcomes. However, these trends of improving outcomes had begun prior to the formal roll out of enhanced recovery pathways through the national NHS ERAS implementation programme, and were not temporally associated with the national ERAS programme. It is of note, that when we looked at the effect of individual hospitals in a region of England a significant impact of ERAS on LOS was seen at Southampton and the Isle of Wight, where prior to implementing ERAS, LOS was stable and not changing, and after ERAS implementation LOS declined substantially. However, in many hospitals, formalising ERAS implementation saw no improvements in LOS, predominantly as mean LOS had already been declining, with little further reductions in LOS once ERAS was formally implemented.
[bookmark: _Toc15393290]Health economics
We found limited cost–utility evidence, either for an entire enhanced recovery pathway or for individual components of a pathway, for patients having THR or TKR. There are also concerns regarding the ability of short time horizons in trials in this area to capture relevant outcomes, and regarding a general lack of reporting of model validation.  However, our findings support the use of enhanced recovery pathways as a whole, prophylactic systemic antibiotics, antibiotic-impregnated cement and conventional ventilation.  
We estimated the hospitalisation costs associated with index admission for THR to be £6,208 compared to £6,122 for TKR. Within one year of the joint replacement, the total hospitalisation costs were estimated to be £7,827 and £7,805 for THR and TKR, respectively, of which the index admission accounted for 79.4% and 78.5% of the total. Although complications, revision and re-operation are uncommon following surgery, they are associated with high costs. For THR, complications and revisions were significantly associated with higher costs, at £6,601 and £11,255, respectively. Given there are over 200,000 patients receiving THR and TKR each year in the UK, the costs associated with these operations are high, and remain higher in subsequent years after the operation. However THR and TKR are the most cost-effective options in individuals with osteoarthritis. There is then a strong economic incentive to further improve the quality of life of individuals following joint replacement and reduce revision surgery and complications of surgery.

[bookmark: _Toc15393291]Process evaluation (qualitative research)
The ethnographic study of health professionals involved in the delivery of enhanced recovery services found support for the care pathway was higher when developed internally rather than externally. Guidance was flexible and could be adapted to meet the demands of individual hospital services. There were concerns about a lack of post-discharge support and tensions between primary and secondary care. One of the key elements of success was effective multi-disciplinary collaboration, achieved through multi-disciplinary team meetings and paperwork. Involving strong opinion leaders in its development and ‘champions’ that drove through implementation and acted as a point of contact, helped facilitate implementation. The study highlighted the importance of ensuring that protocols are sufficiently flexible to meet individual patient needs. Services should also prioritise strategies to empower patients in their recovery through education.

The study of patients experiences of the enhanced recovery pathway found that hip and knee schools (classes) for patients undergoing the surgeries, were highly valued. Patients felt they helped prepare them for surgery and provided “confidence” in the care they would receive. They were enthusiastic about the potential for early discharge and invested in their recovery, preparing them to take on the role of ‘active’ participants in their care. Most thought it was useful to practice exercises to prepare them for post-operative mobilization. Most participants were presented with the option of a local or general anaesthesia although they had different experiences of this. Whilst some were given this option during hip or knee schools or their pre-operative assessment, others were asked on the day of surgery meaning they felt unable to make an informed choice. Patients were surprised about being able to mobilise so quickly after surgery. There was a sense of pride in being able to fulfil what they thought was required of them and they benchmarked their success against their pre-operative education and feedback from healthcare professionals. Participants emphasised the importance of participating in exercises and working towards their own recovery, engaging in the emotional and physical work required of them as ‘active’ patients. Most of those interviewed reported feeling “ready” to return home and considered it preferable to remaining in hospital. Some participants reported feeling under pressure to be discharged before they felt well enough and this was linked to concerns that they were being made to mobilise too quickly. A small number of participants attributed this to a demand for beds. Those who lacked family support, particularly those who lived alone, were more anxious. The study highlights how patients might value more information and support from healthcare professionals, particularly in the post-discharge period, to enable them to work more effectively towards their own recovery.

[bookmark: _Toc308300837][bookmark: _Toc311366644][bookmark: _Toc531286097][bookmark: _Toc15393292]Research in context
Although at a national level, we did not observe any impact of the ERAS pathway on changing trends in outcomes of surgery, hospitals will have implemented this at different time points, and may be early adopters having already implemented many of the enhanced recovery pathway components before the national program had begun. We therefore looked at the effect within individual hospitals within a region of England, and conducted the statistical interrupted time series analysis within these individual hospitals, focusing on the outcomes of pain/function and length of stay. Three of these NHS hospitals were part of the qualitative process evaluation, allowing us to set the findings of the statistical analysis in context of what we observe from the qualitative data.

For all three of these hospitals it is clear that there is no impact of the date they implemented ERAS on the OHS/OKS pain and functional outcome scores. These generally being continuations of existing trends. However, all three hospitals observed reductions in length of stay over the study period. 

In Shinebury, length of stay for THR and TKR was already declining prior to the official ERAS start date, and this continued to decline over the study duration. This hospital is an early adopter and innovator and hence the official start date of “2009” from the NHS England Planned Care programme just reflects ERAS was already implemented prior to the official national programme. Enhanced Recovery and Early Discharge started as a research project for a hip arthroplasty database that the Trust have been running since 1998. ERAS was piloted in 2000, and was originally initiated by a key consultant surgeon and a lead physiotherapist, who has since moved on. Physios gradually took on more ERAS duties in the form of 2 and 6-week joint review clinics from about 2002, and then hip school from about 2004. DVDs started recording in 2005, and became available about 2006. Joint review clinics originally included both hips and knees, but as the number of patients increased, two separate ones were introduced (circa 2008). There are two nurses (sisters) who are the “main kind of driving force behind the clinic”, and are also central points of contact for doctors and consultants. The hospital won an innovation award in 2006 for implementing the DVD, booklet and clinic. 

Fitness for surgery is evaluated at pre-assessment: includes full medical checks, and patients sometimes attend hip/knee school on that same day as well. Follow-up takes place at joint review clinic, at 2 weeks, 6 weeks and 52 weeks – this takes place with the same team and in the same place as knee/hip school. If there are extra difficulties, they’re seen by the consultant at outpatients. Patients all have to attend hip/knee school, and they receive a booklet and a DVD as part of this: “they’re as educated as they could possibly be”. The DVD includes consultants talking about THR surgery, and previous patients talking about their experiences, and demonstrating some of the exercises. Hip and knee patients follow identical care pathways. Patients see OTs at pre-assessment, and complete questionnaires (Home Environment Sheet) about their home environment, to assess the level of support that’ll be needed post-discharge. OTs have a printed list every week of joint patients coming to pre-assessment, so they know in advance who they’re expecting and when. Patients don’t necessarily see an anaesthetist at pre-assessment unless requested by the surgeon. For complex patients, notes go down to the anaesthetist in between pre-assessment and surgery. Patients are seen by physios and mobilised day 1 after surgery. Joint review clinics are run by the lead physio, OTs and specialised orthopaedic nurses. 

What is surprising, is that although an ERAS service has been in place for many years, length of stay for this hospital trust was still so high at the start of the study in 2008, and was still able to decline so much. This may partly reflect coding of hospitals in the HES database (Supplementary see Appendix 1 Figure A129). Shinebury Hospitals NHS Foundation Trust came into being in January 2012 as a result of the integration of two different NHS Trusts, which achieved Foundation Trust status in 2006. Separating these sites out, we can see that LOS was already very low for THR at this site, whereas for TKR LOS was much higher and some in both hospital sites.

In Towerton Hospital, LOS for both THR and TKR was relatively high, with a stable trend prior to ERAS start date, where after there was a significant reduction and decline in mean LOS in April 2008 for TKR 5.6 days declining to 4.3 days in Dec 2016 (THR 6.2 to 4.7 days). In this hospital setting there is a clear impact of ERAS on reducing length of stay. The process evaluation shows that Towerton Hospital had a very strong and comprehensive ERAS service. They have a ‘nurse champion’ who along with the matron run MDT groups to decide how to implement ERAS at the hospital, and ran education classes for staff. The surgical pre-assessment involves a clinical assessment to establish patients’ fitness for surgery, taking next of kin details, and who to call post-op. Pre-assessment includes looking at patients’ social history and current living arrangements and home measurement forms are given to patients for them to complete, and bring to hip/knee school, where Physio/OT pick them up. Patients see OTs one to one at the end of the hip/knee school sessions, if they’re eligible for help (i.e. if they live in a certain postcode area).  Equipment can be delivered to eligible patients’ homes pre-operatively. Physios see patients on the ward as soon as possible post-op – sometimes day zero if appropriate, but minimum of day 1 after surgery. Post-op, OTs do a washing/dressing and kitchen assessment, to see whether extra support from social services is required. ERAS nurse champion attends ward round meetings every morning, as do all MDT staff. The hospital uses a “step down” ward (part of a maternity unit at a nearby hospital), for patients who aren’t quite ready to go home, but are “too good” to stay on the elective ward. Follow up knee classes are held in the outpatient’s department, which is at another local hospital. Hip patients are not routinely scheduled for outpatient physio, unless they need it for a particular reason. The hospital provides education sessions and a “rolling education programme”, so ERAS is an ongoing and evolving concept.

In Elmfield Hospital, a different pattern was observed for THR and TKR. For THR LOS was already declining. But after ERAS start date, there was no further decline, and if anything LOS has started to increase afterwards. Whereas for TKR LOS was in decline and continued on the existing downward trend after the official ERAS start date. From the information obtained about the service, there doesn’t appear to be an officially running ERAS programme – rather they have ERAS ways of working to reduce waiting times for hip replacement but not for knees. There are separate care pathways for hip and knee patients. The initial implementation of ERAS for hips was through funding for a specialist physiotherapist, and involved streaming patients to include those considered appropriate for it. This was decided on the basis of a proforma completed by patients, giving details of medical and social “fitness for it”. Patients identified as suitable were flagged at the time they were first seen in outpatients. However, this funding for the physiotherapist was lost after about 18-months.  Currently they have a twice monthly hip arthritis clinic set up to reduce waiting times – a same day assessment clinic so patients only attend once for all pre-op assessments. The anaesthetists introduced an anaesthetic protocol which included pre-, peri- and post-operative pain control and management. There is a hip school that is run twice weekly. There isn’t a formal ERAS for knees, but they do day case uni-knee surgery, and knee patients are also streamed, according to comorbidities and analgesic requirements, but there is no knee school. There’s nothing on patient pre-assessment clinic paperwork to indicate that they’ve been streamed to ERAS. At the beginning of ERAS implementation, home visits were done as standard – this no longer happens. OTs used to see patients in pre-admission, but since same day assessment was introduced, they now only see patients at pre-admission clinic if a “trigger” has been flagged up during the assessment – otherwise OTs don’t get to see patients until hip school or post-op. It’s “not the norm” for patients to be specially referred to OT. 

[bookmark: _Toc531286098][bookmark: _Toc15393293]Final Conclusions
Our data show that outcomes of primary THR and TKR have been gradually improving over time, with a decrease in length of stay, reduction in estimated average inpatient bed day cost, improvement in patient reported outcomes of pain and function, decrease in complications, and reduction in 5-year revision risk.  These trends of improving outcomes were seen across all age groups, and in those with and without co-morbidity. However, trends of improving outcomes had begun prior to the introduction of the formal NHS ERAS role out, and hence not temporally associated with the national ERAS programme. These findings are positive, in highlighting that reductions in LOS have been achieved without adversely impacting on patient outcomes.

Even though patient outcomes have been improving over time, analysis of the most recent years of data identified potentially unwarranted variations in patient outcomes of THR/TKR. This variation cannot be explained by differences in patient’s case mix, surgical factors, or hospital organisational factors. This information is informative to commissioners in monitoring variations in outcomes of surgery.

The qualitative study of patients experiences of enhanced recovery illustrates how processes of care were negotiated between patients and healthcare professionals, along with the emotional and physical work that patients did as ‘active’ participants in their recovery. Interviews with patients included discussion around pre-operative educational needs, tensions between mobilising and giving themselves time to “heal” after surgery and challenges post-discharge. The study also demonstrates that ‘good care’ remains an aspiration, particularly in the post-discharge period.

The ethnographic study using observations and interviews of staff involved in delivery of ERAS demonstrates that successful implementation of ERAS services for hip and knee replacement depends on several aspects, such as the extent to which services have been adapted to meet individual needs, effective communication between staff and planning processes. Doing so provides information to healthcare providers on how best to organise and deliver these services in the future. The study may also be of use to clinicians and researchers in helping to understand service delivery for ERAS in other surgeries.
[bookmark: _Toc311366646][bookmark: _Toc531286099]
[bookmark: _Toc15393294]Implications for practice
There is variation in patient outcomes of primary THR and TKR. The determinants of this variation remain unknown and cannot be explained by a hospital treating healthier or fitter patients. In those hospitals with poorer outcomes there is a need for hospital mangers and clinicians to understand why their outcomes are worse than others and take action to address this.

Reductions in length of stay can be achieved without having a negative impact on patient outcomes. ERAS services are valued by both patients and health professionals involved in running these services. Patients valued hip and knee schools feeling they helped prepare them for surgery and provided “confidence” in the care they would receive. Patients emphasised the importance of participating in exercises and working towards their own recovery, engaging in the emotional and physical work required of them as ‘active’ patients. Although we found no observed impact of the national implementation of ERAS on patient outcomes, this likely reflects early adopters and innovators having already introduced ERAS components into their service, with the continuing decline in LOS nationally reflecting additional hospitals introducing ERAS. Exploring the effect of ERAS in individual hospitals, we can see that in sites that are implementing ERAS for the first time (those with a relatively high and stable LOS prior to implementation date), the introduction of ERAS can have an impact with subsequent trends of reducing LOS. In those hospitals who are still observed to have a high LOS in our current years of registry data, they would likely see benefit from implementing ERAS principles.

[bookmark: _Toc308300839][bookmark: _Toc311366647][bookmark: _Toc531286100][bookmark: _Toc15393295]Scope for future work
1.	Although national trends towards improved patient outcome are encouraging, there is still substantial variation in outcome between hospitals trusts and clinical commissioning groups, so there is work to be done to understand why these potentially unwarranted variations in patient outcome exist, particularly those with consistently worse outcomes over time.
2.	Further research should explore patient experiences of referral from primary to secondary care services to provide a more comprehensive account of experiences through the care pathway. In addition, future research may also consider GPs’ views and experiences of ERAS, particularly at the points of referral and discharge. This would provide a ‘system-wide’ understanding of the delivery of ERAS.
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	Hip replacements
	TKRs/UKRs

	
	(n= 173,107)
	(n= 210,725)

	Patient factors
	
	

	Calendar year
	
	

	2014
	57,156 (33.0%)
	69,001 (32.7%)

	2015
	57,535 (33.2%)
	69,999 (33.2%)

	2016
	58,416 (33.8%)
	71,725 (34.0%)

	Age
	
	

	<50
	7,907 (4.6%)
	4,180 (2.0%)

	50-59
	22,887 (13.2%)
	26,789 (12.7%)

	60-69
	51,097 (29.5%)
	68,970 (32.7%)

	70-79
	61,994 (35.8%)
	79,241 (37.6%)

	80-84
	19,426 (11.2%)
	21,753 (10.3%)

	≥85
	9,796 (5.7%)
	9,792 (4.7%)

	Women
	103,860 (60.0%)
	119,436 (56.7%)

	BMI, mean (SD)
	28.9 (5.2)
	31.1 (5.5)

	Pre-operative ASA physical function score
	
	

	Fit and healthy (grade 1)
	22,195 (12.8%)
	18,909 (9.0%)

	Mild disease not incapacitating (grade 2)
	121,255 (70.1%)
	155,093 (73.6%)

	Incapacitating systemic disease (grade 3)
	28,945 (16.7%)
	36,171 (17.2%)

	Life threatening disease or Expected to die within 24h (grades 4 and 5)
	712 (0.4%)
	552 (0.3%)

	IMD (quintile groupings)
	
	

	Least deprived 20%
	42,058 (24.3%)
	46,435 (22.0%)

	Former Less deprived 20-40%
	43,001 (24.8%)
	49,019 (23.3%)

	Current Less deprived 40-60%
	31,200 (18.0%)
	40,216 (19.1%)

	More deprived 20-40%
	29,289 (16.9%)
	38,292 (18.2%)

	Most deprived 20%
	27,559 (15.9%)
	36,763 (17.5%)

	Rural/Urban indicator
	
	

	Urban >=10,000
	123,862 (71.6%)
	157,758 (74.9%)

	Town and fringe
	22,223 (12.8%)
	25,083 (11.9%)

	Village/isolated
	27,022 (15.6%)
	27,884 (13.2%)

	Primary indication
	
	

	Osteoarthritis
	167,686 (96.9%)
	208,333 (98.9%)

	Osteoarthritis and Other*
	5,421 (3.1%)
	2,392 (1.1%)

	Charlson score
	
	

	None (0)
	122,047 (70.5%)
	140,711 (66.8%)

	Mild (1)
	32,926 (19.0%)
	46,984 (22.3%)

	Moderate (2)
	11,870 (6.9%)
	15,341 (7.3%)

	Severe (≥3)
	6,264 (3.6%)
	7,689 (3.7%)

	Baseline OHS/OKS, median (IQR)
	17 (11, 23)
	18 (12, 23)

	EQ-5D-3L (quintile groupings)
	
	

	Lowest quintile
	21,265 (12.3%)
	40,798 (19.4%)

	2nd quintile
	47,303 (27.3%)
	29,601 (14.1%)

	3rd quintile
	35,237 (20.4%)
	54,583 (25.9%)

	4th quintile
	32,083 (18.5%)
	20,352 (9.7%)

	Highest quintile
	37,219 (21.5%)
	65,391 (31.0%)

	Surgical factors
	
	

	Lead surgeon experience
	
	

	Consultant
	143,417 (82.9%)
	172,183 (81.7%)

	Other**
	29,690 (17.2%)
	38,542 (18.3%)

	Surgical volume per lead surgeon (surgeries per year)
	
	

	≤10
	3,013 (1.4%)
	3,109 (1.8%)

	11-50
	45,279 (21.5%)
	37,816 (21.9%)

	51-75
	41,610 (19.8%)
	30,651 (17.7%)

	76-100
	38,898 (18.5%)
	30,979 (17.9%)

	101-150
	45,056 (21.4%)
	36,610 (21.2%)

	>150
	36,869 (17.5%)
	33,942 (19.6%)

	Surgical volume per unit (surgeries per year)
	
	

	≤200
	45,319 (26.2%)
	31,321 (14.9%)

	200-299
	47,040 (27.2%)
	51,335 (24.4%)

	300-399
	37,984 (21.9%)
	50,346 (23.9%)

	400-499
	10,159 (5.9%)
	32,782 (15.6%)

	≥500
	32,605 (18.8%)
	44,941 (21.3%)

	Minimally invasive surgery
	7,076 (4.1%)

	9,332 (4.4%)


	Thromboprophylaxis
	
	

	None
	1,598 (0.9%)
	2,049 (1.0%)

	Aspirin only
	5,219 (3.0%)
	7,111 (3.4%)

	LMWH (+/-Other)
	109,443 (63.2%)
	152,836 (72.5%)

	Other (no LMWH)
	56,847 (32.8%)
	48,729 (23.1%)

	Mechanical prophylaxis
	167,638 (96.8%)
	204,642 (97.1%)

	Anaesthetic type
	
	

	General
	56,951 (32.9%)
	62,447 (29.6%)

	Regional - epidural
	5,230 (3.0%)
	6,841 (3.3%)

	Regional - nerve block
	8,824 (5.1%)
	21,619 (10.3%)

	Regional - spinal (intrathecal)
	131,627 (76.0%)
	157,123 (74.6%)

	Type of approach
	
	

	Anterior, antero-lateral, hardinge, lateral, trochanteric osteotomy, other
	55,100 (31.8%)
	─

	Posterior
	118,007 (68.2%)
	─

	Lateral parapatellar
	─
	1,907 (0.9%)

	Medial parapatellar
	─
	197,718 (93.8%)

	Mid-Vastus
	─
	5,942 (2.8%)

	Sub-Vastus
	─
	2,302 (1.1%)

	Other approaches in knee surgery
	─
	2,856 (1.4%)

	Bone grafts
	
	

	Femoral***
	921 (0.5%)
	2,225 (1.1%)

	Cup
	5,669 (3.3%)
	─

	Tibia
	─
	705 (0.3%)

	Primary cup fixation
	
	

	Cementless Cup
	110,862 (64.4%)
	─

	Cemented Cup
	61,415 (35.7%)
	─

	Type of primary stem fixation
	
	

	Cementless THR stem
	72,509 (42.4%)
	─

	Cemented THR stem
	98,607 (57.6%)
	─

	Primary femoral fixation
	
	

	Cementless
	─
	9,461 (4.5%)

	Cemented
	─
	200,741 (95.5%)

	Tibial fixation
	
	

	Cementless
	─
	8,855 (4.2%)

	Cemented
	─
	201,226 (95.8%)

	Bearing surface (Type of hip implant)
	
	

	MoM
	991 (0.6%)
	─

	MoP
	106,548 (62.1%)
	─

	CoC
	20,821 (12.1%)
	─

	CoP
	43,138 (25.2%)
	─

	CoM or MoC or unknown
	23 (<0.1%)
	─

	Femoral head size (mm) (Type of hip implant)
	
	

	<=28
	55,652 (32.4%)
	─

	32
	75,536 (44.0%)
	─

	36-42
	39,556 (23.0%)
	─

	≥44
	1,141 (0.7%)
	─

	Type of knee implant
	
	

	Bycondilar
	─
	16,409 (7.8%)

	Unicondylar or Hinged or Linked or Custom or Preassembled
	─
	194,201 (92.2%)

	Hospital organisation factors
	
	

	Unit type
	
	

	Public hospital
	123,481 (71.3%)
	148,758 (70.6%)

	Independent sector – hospital
	40,842 (23.6%)
	50,739 (24.1%)

	Independent sector – treatment centre
	8,784 (5.1%)
	11,228 (5.3%)

	FTE of speciality groups on trauma and orthopaedic surgery
	
	

	0-24
	20,558 (11.9%)
	63,415 (30.1%)

	25-29
	17,541 (10.1%)
	29,416 (14.0%)

	30-39
	32,725 (18.9%)
	47,334 (22.5%)

	40-49
	32,528 (18.8%)
	28,572 (13.6%)

	>50
	69,755 (40.3%)
	41,988 (19.9%)

	Consultant FTE
	
	

	0-24
	40,108 (23.2%)
	92,154 (43.7%)

	25-29
	15,788 (9.1%)
	21,437 (10.2%)

	30-39
	32,530 (18.8%)
	33,396 (15.9%)

	40-49
	23,966 (13.8%)
	25,209 (12.0%)

	>50
	60,715 (35.1%)
	38,529 (18.3%)

	middle grade doctor FTE
	
	

	0-24
	97,397 (56.3%)
	151,270 (71.8%)

	25-29
	18,900 (10.9%)
	17,590 (8.4%)

	30-39
	21,667 (12.5%)
	19,425 (9.2%)

	40-49
	14,362 (8.3%)
	9,306 (4.4%)

	>50
	20,781 (12.0%)
	13,134 (6.2%)

	early career doctor FTE
	
	

	0-24
	168,646 (97.4%)
	208,405 (98.9%)

	25-29
	3,757 (2.2%)
	2,055 (1.0%)

	30-39
	704 (0.4%)
	265 (0.1%)

	40-49
	0 (0.0%)
	0 (0.0%)

	>50
	0 (0.0%)
	0 (0.0%)

	Total beds available overnight
	
	

	0-349
	15,186 (8.8%)
	41,447 (19.7%)

	350-499
	18,469 (10.7%)
	40,887 (19.4%)

	500-699
	34,541 (20.0%)
	51,403 (24.4%)

	700-999
	51,891 (30.0%)
	41,415 (19.7%)

	≥1000
	53,020 (30.6%)
	35,573 (16.9%)

	Total beds available overnight for trauma and orthopaedic surgery
	
	

	0-34
	15,873 (9.2%)
	59,732 (28.4%)

	35-49
	26,118 (15.1%)
	46,946 (22.3%)

	50-69
	47,209 (27.3%)
	53,577 (25.4%)

	70-99
	52,178 (30.1%)
	32,574 (15.5%)

	≥100
	31,729 (18.3%)
	17,896 (8.5%)

	Total beds available overnight for rehabilitation
	
	

	0
	74,465 (57.8%)
	59,793 (54.5%)

	>0-10
	9,605 (7.5%)
	8,695 (7.9%)

	11-20
	16,923 (13.1%)
	15,651 (14.3%)

	≥20
	27,754 (21.6%)
	25,655 (23.4%)

	Operating theatres
	
	

	<10
	11,278 (6.5%)
	53,927 (25.6%)

	10-14
	26,830 (15.5%)
	45,205 (21.5%)

	15-19
	38,320 (22.1%)
	42,661 (20.2%)

	20-24
	27,414 (15.8%)
	22,226 (10.6%)

	≥25
	69,265 (40.0%)
	46,706 (22.2%)

	Dedicated day case operating theatres
	
	

	0
	24,951 (14.4%)
	39,251 (18.6%)

	1-2
	32,531 (18.8%)
	51,685 (24.5%)

	3-4
	37,891 (21.9%)
	47,745 (22.7%)

	5-6
	42,126 (24.3%)
	27,857 (13.2%)

	≥7
	35,608 (20.6%)
	44,187 (21.0%)
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	Patient model
	Surgical model
	Hospital organisation model

	
	Categories
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P

	Intercept
	
	1.16
	[1.13-1.20]
	<0.01
	1.17
	[1.14-1.21]
	<0.01
	1.13
	[1.09-1.17]
	<0.01

	Patient factors
	
	
	
	
	
	
	
	
	
	

	Calendar year (2016)
	2015
	0.09
	[0.08-0.09]
	<0.01
	0.08
	[0.07-0.08]
	<0.01
	0.07
	[0.06-0.07]
	<0.01

	
	2016
	0.05
	[0.04-0.05]
	<0.01
	0.04
	[0.03-0.04]
	<0.01
	0.03
	[0.03-0.04]
	<0.01

	Age (<50 years)
	50-59
	0.01
	[<0.01-0.03]
	0.12
	0.01
	[-0.01-0.02]
	0.29
	0.02
	[0.01-0.04]
	<0.01

	
	60-69
	0.06
	[0.05-0.07]
	<0.01
	0.05
	[0.03-0.06]
	<0.01
	0.07
	[0.05-0.08]
	<0.01

	
	70-79
	0.20
	[0.19-0.22]
	<0.01
	0.17
	[0.16-0.19]
	<0.01
	0.19
	[0.18-0.21]
	<0.01

	
	80-84
	0.42
	[0.41-0.44]
	<0.01
	0.38
	[0.37-0.40]
	<0.01
	0.39
	[0.38-0.41]
	<0.01

	
	≥85
	0.63
	[0.61-0.64]
	<0.01
	0.59
	[0.57-0.60]
	<0.01
	0.59
	[0.57-0.61]
	<0.01

	Sex (woman)
	man
	-0.09
	[-0.09-(-0.08)]
	<0.01
	-0.09
	[-0.09-(-0.08)]
	<0.01
	-0.09
	[-0.10-(-0.08)]
	<0.01

	BMI, (kg/m2)
	
	<0.01
	[<0.01-<0.01]
	<0.01
	<0.01
	[<0.01-<0.01]
	<0.01
	<0.01
	[<0.01-<0.01]
	<0.01

	Pre-operative ASA physical function score (Mild disease not incapacitating, grade 2)
	Fit and healthy (grade 1)
	-0.06
	[-0.07-(-0.05)]
	<0.01
	-0.05
	[-0.06-(-0.05)]
	<0.01
	-0.05
	[-0.06-(-0.04)]
	<0.01

	
	Incapacitating systemic disease (grade 3)
	0.22
	[0.21-0.22]
	<0.01
	0.20
	[0.20-0.21]
	<0.01
	0.17
	[0.17-0.18]
	<0.01

	
	Life threatening disease or Expected to die within 24h (grades 4 and 5)
	0.43
	[0.40-0.46]
	<0.01
	0.41
	[0.38-0.44]
	<0.01
	0.36
	[0.33-0.39]
	<0.01

	IMD (Most deprived 20%)
	Least deprived 20%
	-0.04
	[-0.05-(-0.03)]
	<0.01
	-0.03
	[-0.05-(-0.02)]
	<0.01
	-0.02
	[-0.04-(-0.01)]
	<0.01

	
	Former Less deprived 20-40%
	-0.03
	[-0.04-(-0.02)]
	<0.01
	-0.03
	[-0.04-(-0.01)]
	<0.01
	-0.02
	[-0.03-(-0.01)]
	<0.01

	
	Current Less deprived 40-60%
	-0.02
	[-0.03-(-0.01)]
	<0.01
	-0.02
	[-0.03-(-0.01)]
	<0.01
	-0.02
	[-0.03-(-0.01)]
	<0.01

	
	More deprived 20-40%
	-0.01
	[-0.02-<0.01]
	0.07
	-0.01
	[-0.02-<0.01]
	0.06
	-0.01
	[-0.02-<0.01]
	0.11

	Rural/Urban indicator (Urban >=10,000 habitants)
	Town and fringe
	-0.01
	[-0.02-<0.01]
	0.08
	-0.01
	[-0.02-<0.01]
	0.14
	<0.01
	[-0.02-0.01]
	0.44

	
	Village/isolated
	-0.02
	[-0.03-(-0.01)]
	<0.01
	-0.02
	[-0.03-(-0.01)]
	<0.01
	-0.01
	[-0.02-<0.01]
	0.04

	Primary indication (Osteoarthritis)
	Osteoarthritis and Other*
	0.18
	[0.17-0.20]
	<0.01
	0.17
	[0.16-0.19]
	<0.01
	0.14
	[0.13-0.15]
	<0.01

	Charlson score (None, 0)
	Mild (1)
	0.08
	[0.07-0.08]
	<0.01
	0.08
	[0.07-0.08]
	<0.01
	0.07
	[0.06-0.07]
	<0.01

	
	Moderate (2)
	0.19
	[0.18-0.19]
	<0.01
	0.18
	[0.17-0.19]
	<0.01
	0.16
	[0.15-0.17]
	<0.01

	
	Severe (≥3)
	0.34
	[0.33-0.35]
	<0.01
	0.33
	[0.32-0.34]
	<0.01
	0.30
	[0.29-0.32]
	<0.01

	EQ-5D-3L (Highest quintile)
	Lowest quintile
	-0.13
	[-0.14-(-0.12)]
	<0.01
	-0.13
	[-0.14-(-0.12)]
	<0.01
	-0.12
	[-0.13-(-0.12)]
	<0.01

	
	2nd quintile
	-0.17
	[-0.18-(-0.16)]
	<0.01
	-0.16
	[-0.17-(-0.16)]
	<0.01
	-0.16
	[-0.17-(-0.15)]
	<0.01

	
	3rd quintile
	-0.20
	[-0.21-(-0.19)]
	<0.01
	-0.19
	[-0.20-(-0.18)]
	<0.01
	-0.18
	[-0.19-(-0.17)]
	<0.01

	
	4th quintile
	-0.24
	[-0.25-(-0.23)]
	<0.01
	-0.23
	[-0.24-(-0.22)]
	<0.01
	-0.22
	[-0.23-(-0.21)]
	<0.01

	Surgical factors
	
	
	
	
	
	
	
	
	
	

	Lead surgeon experience (Consultant)
	Other**
	
	
	
	0.09
	[0.08-0.10]
	<0.01
	0.02
	[0.01-0.03]
	<0.01

	Surgical volume per lead surgeon (>150 surgeries per year)
	≤10
	
	
	
	0.11
	[0.09-0.13]
	<0.01
	0.04
	[0.03-0.06]
	<0.01

	
	11-50
	
	
	
	0.08
	[0.07-0.09]
	<0.01
	0.02
	[0.02-0.03]
	<0.01

	
	51-75
	
	
	
	0.05
	[0.04-0.06]
	<0.01
	0.01
	[<0.01-0.02]
	0.01

	
	76-100
	
	
	
	0.03
	[0.02-0.04]
	<0.01
	<0.01
	[-0.01-0.01]
	0.96

	
	101-150
	
	
	
	0.03
	[0.02-0.04]
	<0.01
	0.01
	[<0.01-0.02]
	0.08

	Surgical volume per unit (Surgeries per year, ≥500)
	≤200
	
	
	
	0.05
	[0.04-0.06]
	<0.01
	0.14
	[0.13-0.15]
	<0.01

	
	200-299
	
	
	
	<0.01
	[-0.01-0.01]
	0.56
	0.06
	[0.05-0.07]
	<0.01

	
	300-399
	
	
	
	-0.04
	[-0.06-(-0.03)]
	<0.01
	0.01
	[<0.01-0.03]
	0.02

	
	400-499
	
	
	
	-0.04
	[-0.06-(-0.03)]
	<0.01
	0.05
	[0.04-0.07]
	<0.01

	Minimally invasive surgery (No)
	Yes
	
	
	
	-0.05
	[-0.07-(-0.04)]
	<0.01
	-0.03
	[-0.05-(-0.02)]
	<0.01

	Thromboprophylaxis (LMWH +/-Other)
	None
	
	
	
	<0.01
	[-0.02-0.03]
	0.91
	0.03
	[<0.01-0.05]
	0.04

	
	Aspirin only
	
	
	
	-0.03
	[-0.05-(-0.02)]
	<0.01
	-0.02
	[-0.04-(-0.01)]
	0.01

	
	Other (no LMWH)
	
	
	
	-0.02
	[-0.03-(-0.02)]
	<0.01
	<0.01
	[<0.01-0.01]
	0.42

	Mechanical prophylaxis (any)
	None
	
	
	
	0.08
	[0.06-0.09]
	<0.01
	0.03
	[0.01-0.04]
	<0.01

	General anaesthesia (No)
	Yes
	
	
	
	0.04
	[0.03-0.05]
	<0.01
	0.04
	[0.03-0.04]
	<0.01

	Regional – epidural anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – nerve block anaesthesia (No)
	Yes
	
	
	
	0.05
	[0.04-0.06]
	<0.01
	0.04
	[0.03-0.05]
	<0.01

	Regional – spinal anaesthesia (No)
	Yes
	
	
	
	-0.03
	[-0.04-(-0.03)]
	<0.01
	-0.03
	[-0.04-(-0.02)]
	<0.01

	Type of approach (Posterior)
	Anterior, antero-lateral, hardinge, lateral, trochanteric osteotomy, other
	
	
	
	0.06
	[0.05-0.07]
	<0.01
	0.06
	[0.06-0.07]
	<0.01

	Femoral bone graft (No)
	Yes
	
	
	
	0.06
	[0.03-0.10]
	<0.01
	0.06
	[0.03-0.10]
	<0.01

	Cup bone graft (No)
	Yes
	
	
	
	0.07
	[0.06-0.08]
	0.68
	0.05
	[0.04-0.07]
	<0.01

	Primary cup fixation (Cementless)
	Cemented
	
	
	
	-0.01
	[-0.02-(-0.01)]
	<0.01
	-0.01
	[-0.02-<0.01]
	<0.01

	Type of primary stem fixation (Cemented THR stem)
	Not available or Resurfacing
	
	
	
	0.01
	[-0.03-0.04]
	0.89
	0.03
	[-0.01-0.06]
	0.13

	
	Cementless THR stem
	
	
	
	-0.07
	[-0.08-(-0.07)]
	1.00
	-0.04
	[-0.05-(-0.04)]
	<0.01

	Bearing surface (MoP)
	MoM
	
	
	
	-0.01
	[-0.10-0.09]
	<0.01
	-0.07
	[-0.17-0.02]
	0.14

	
	CoC
	
	
	
	<0.01
	[-0.01-0.01]
	<0.01
	-0.03
	[-0.04-(-0.02)]
	<0.01

	
	CoP
	
	
	
	-0.02
	[-0.03-(-0.01)]
	0.84
	-0.04
	[-0.04-(-0.03)]
	<0.01

	
	CoM or MoC or unknown
	
	
	
	0.10
	[0.08-0.13]
	<0.01
	0.08
	[0.06-0.10]
	<0.01

	Femoral head size (≤28mm) 
	32
	
	
	
	<0.01
	[-0.01-0.01]
	0.51
	-0.01
	[-0.01-<0.01]
	0.10

	
	36-42
	
	
	
	0.03
	[0.02-0.04]
	<0.01
	0.02
	[0.01-0.03]
	<0.01

	
	≥44
	
	
	
	-0.03
	[-0.11-0.06]
	<0.01
	-0.04
	[-0.12-0.05]
	0.37

	Hospital organisation factors
	
	
	
	
	
	
	
	
	

	Unit type (Public hospital)
	Independent sector – hospital
	
	
	
	
	
	
	-0.22
	[-0.23-(-0.21)]
	<0.01

	
	Independent sector – treatment centre
	
	
	
	
	
	
	-0.40
	[-0.41-(-0.38)]
	<0.01

	FTE of speciality groups on trauma and orthopaedic surgery (0-24 FTEs)
	25-29
	
	
	
	
	
	
	0.01
	[-0.01-0.02]
	0.40

	
	30-39
	
	
	
	
	
	
	0.03
	[0.02-0.04]
	<0.01

	
	40-49
	
	
	
	
	
	
	0.03
	[0.01-0.04]
	<0.01

	
	>50
	
	
	
	
	
	
	0.04
	[0.03-0.05]
	<0.01

	Consultant FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	0.03
	[0.02-0.04]
	<0.01

	
	30-39
	
	
	
	
	
	
	0.04
	[0.03-0.05]
	<0.01

	
	40-49
	
	
	
	
	
	
	0.03
	[0.01-0.04]
	<0.01

	
	>50
	
	
	
	
	
	
	0.04
	[0.02-0.06]
	<0.01

	middle grade doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	0.01
	[<0.01-0.02]
	0.15

	
	30-39
	
	
	
	
	
	
	<0.01
	[-0.01-0.01]
	0.77

	
	40-49
	
	
	
	
	
	
	0.01
	[<0.01-0.02]
	0.10

	
	>50
	
	
	
	
	
	
	0.04
	[0.03-0.05]
	<0.01

	early career doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	-0.01
	[-0.03-0.01]
	0.39

	
	30-39
	
	
	
	
	
	
	-0.05
	[-0.09-(-0.01)]
	0.01

	Total beds available overnight (0-349)
	350-499
	
	
	
	
	
	
	-0.04
	[-0.05-(-0.02)]
	<0.01

	
	500-699
	
	
	
	
	
	
	-0.03
	[-0.04-(-0.01)]
	<0.01

	
	700-999
	
	
	
	
	
	
	-0.05
	[-0.06-(-0.03)]
	<0.01

	
	≥1000
	
	
	
	
	
	
	-0.09
	[-0.11-(-0.07)]
	<0.01

	Total beds available overnight for trauma and orthopaedic surgery (0-34)
	35-49
	
	
	
	
	
	
	0.02
	[0.01-0.03]
	<0.01

	
	50-69
	
	
	
	
	
	
	0.06
	[0.05-0.07]
	<0.01

	
	70-99
	
	
	
	
	
	
	0.11
	[0.09-0.12]
	<0.01

	
	≥100
	
	
	
	
	
	
	0.16
	[0.14-0.17]
	<0.01

	Total beds available overnight for rehabilitation (0)
	>0-10
	
	
	
	
	
	
	0.01
	[-0.01-0.02]
	0.38

	
	11-20
	
	
	
	
	
	
	0.01
	[<0.01-0.03]
	0.02

	
	≥20
	
	
	
	
	
	
	0.07
	[0.06-0.08]
	<0.01

	Operating theatres (<10)
	10-14
	
	
	
	
	
	
	0.01
	[-0.01-0.02]
	0.27

	
	15-19
	
	
	
	
	
	
	-0.02
	[-0.04-<0.01]
	0.01

	
	20-24
	
	
	
	
	
	
	-0.09
	[-0.11-(-0.07)]
	<0.01

	
	≥25
	
	
	
	
	
	
	-0.06
	[-0.08-(-0.04)]
	<0.01

	Dedicated day case operating theatres (≥7)
	0
	
	
	
	
	
	
	0.09
	[0.08-0.10]
	<0.01

	
	1-2
	
	
	
	
	
	
	0.06
	[0.05-0.07]
	<0.01

	
	3-4
	
	
	
	
	
	
	0.07
	[0.06-0.08]
	<0.01

	
	5-6
	
	
	
	
	
	
	0.04
	[0.03-0.05]
	<0.01
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	Patient model
	Surgical model
	Hospital organisation model

	
	Categories
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P

	Intercept
	
	1.08
	[1.05-1.12]
	<0.01
	1.09
	[1.05-1.13]
	<0.01
	1.26
	[1.22-1.30]
	<0.01

	Patient factors
	
	
	
	
	
	
	
	
	
	

	Calendar year (2016)
	2015
	0.08
	[0.08-0.09]
	<0.01
	0.08
	[0.07-0.08]
	<0.01
	0.07
	[0.06-0.08]
	<0.01

	
	2016
	0.04
	[0.04-0.05]
	<0.01
	0.04
	[0.03-0.04]
	<0.01
	0.03
	[0.03-0.04]
	<0.01

	Age (<50 years)
	50-59
	-0.01
	[-0.03-<0.01]
	0.11
	-0.04
	[-0.06-(-0.02)]
	<0.01
	-0.03
	[-0.05-(-0.01)]
	<0.01

	
	60-69
	0.04
	[0.02-0.06]
	<0.01
	-0.01
	[-0.02-0.01]
	0.56
	0.01
	[-0.01-0.03]
	0.20

	
	70-79
	0.17
	[0.15-0.19]
	<0.01
	0.11
	[0.10-0.13]
	<0.01
	0.13
	[0.11-0.15]
	<0.01

	
	80-84
	0.38
	[0.36-0.40]
	<0.01
	0.32
	[0.30-0.33]
	<0.01
	0.32
	[0.31-0.34]
	<0.01

	
	≥85
	0.56
	[0.54-0.58]
	<0.01
	0.50
	[0.48-0.52]
	<0.01
	0.49
	[0.47-0.51]
	<0.01

	Sex (woman)
	man
	-0.05
	[-0.05-(-0.04)]
	<0.01
	-0.04
	[-0.05-(-0.04)]
	<0.01
	-0.04
	[-0.05-(-0.04)]
	<0.01

	BMI, (kg/m2)
	
	<0.01
	[<0.01-<0.01]
	<0.01
	<0.01
	[<0.01-<0.01]
	<0.01
	<0.01
	[<0.01-<0.01]
	<0.01

	Pre-operative ASA physical function score (Mild disease not incapacitating, grade 2)
	Fit and healthy (grade 1)
	-0.06
	[-0.07-(-0.05)]
	<0.01
	-0.05
	[-0.06-(-0.04)]
	<0.01
	-0.03
	[-0.04-(-0.03)]
	<0.01

	
	Incapacitating systemic disease (grade 3)
	0.20
	[0.19-0.20]
	<0.01
	0.18
	[0.18-0.19]
	<0.01
	0.15
	[0.15-0.16]
	<0.01

	
	Life threatening disease or Expected to die within 24h (grades 4 and 5)
	0.39
	[0.36-0.42]
	<0.01
	0.37
	[0.34-0.40]
	<0.01
	0.32
	[0.29-0.35]
	<0.01

	IMD (Most deprived 20%)
	Least deprived 20%
	-0.03
	[-0.04-(-0.02)]
	<0.01
	-0.02
	[-0.03-(-0.01)]
	<0.01
	-0.01
	[-0.02-<0.01]
	0.03

	
	Former Less deprived 20-40%
	-0.01
	[-0.02-<0.01]
	0.02
	-0.01
	[-0.02-<0.01]
	0.15
	<0.01
	[-0.01-0.01]
	0.98

	
	Current Less deprived 40-60%
	-0.01
	[-0.02-<0.01]
	0.22
	<0.01
	[-0.01-0.01]
	0.40
	<0.01
	[-0.01-0.01]
	0.53

	
	More deprived 20-40%
	<0.01
	[-0.01-0.01]
	0.85
	<0.01
	[-0.01-0.01]
	0.89
	<0.01
	[-0.01-0.01]
	0.75

	Rural/Urban indicator (Urban >=10,000 habitants)
	Town and fringe
	-0.01
	[-0.02-<0.01]
	0.20
	-0.01
	[-0.02-<0.01]
	0.18
	<0.01
	[-0.01-0.01]
	0.38

	
	Village/isolated
	-0.02
	[-0.03-(-0.01)]
	<0.01
	-0.02
	[-0.03-(-0.01)]
	<0.01
	-0.01
	[-0.02-<0.01]
	0.02

	Primary indication (Osteoarthritis)
	Osteoarthritis and Other*
	0.16
	[0.15-0.18]
	<0.01
	0.15
	[0.13-0.16]
	<0.01
	0.11
	[0.09-0.13]
	<0.01

	Charlson score (None, 0)
	Mild (1)
	0.07
	[0.07-0.08]
	<0.01
	0.08
	[0.07-0.08]
	<0.01
	0.07
	[0.06-0.07]
	<0.01

	
	Moderate (2)
	0.18
	[0.17-0.19]
	<0.01
	0.18
	[0.17-0.18]
	<0.01
	0.16
	[0.15-0.16]
	<0.01

	
	Severe (≥3)
	0.31
	[0.30-0.32]
	<0.01
	0.31
	[0.30-0.32]
	<0.01
	0.28
	[0.27-0.29]
	<0.01

	EQ-5D-3L (Lowest quintile)
	2nd quintile
	-0.10
	[-0.11-(-0.10)]
	<0.01
	-0.10
	[-0.11-(-0.09)]
	<0.01
	-0.10
	[-0.10-(-0.09)]
	<0.01

	
	3rd quintile
	-0.13
	[-0.14-(-0.13)]
	<0.01
	-0.13
	[-0.14-(-0.12)]
	<0.01
	-0.12
	[-0.13-(-0.12)]
	<0.01

	
	4th quintile
	-0.16
	[-0.17-(-0.15)]
	<0.01
	-0.15
	[-0.16-(-0.14)]
	<0.01
	-0.14
	[-0.15-(-0.13)]
	<0.01

	
	Highest quintile
	-0.20
	[-0.21-(-0.19)]
	<0.01
	-0.19
	[-0.20-(-0.19)]
	<0.01
	-0.18
	[-0.19-(-0.18)]
	<0.01

	Surgical factors
	
	
	
	
	
	
	
	
	
	

	Lead surgeon experience (Consultant)
	Other**
	
	
	
	0.09
	[0.08-0.09]
	<0.01
	0.01
	[<0.01-0.02]
	<0.01

	Surgical volume per lead surgeon (>150 surgeries per year)
	≤10
	
	
	
	0.10
	[0.08-0.12]
	<0.01
	0.03
	[0.01-0.04]
	0.01

	
	11-50
	
	
	
	0.08
	[0.07-0.09]
	<0.01
	0.01
	[0.01-0.02]
	<0.01

	
	51-75
	
	
	
	0.07
	[0.06-0.08]
	<0.01
	0.02
	[0.01-0.03]
	<0.01

	
	76-100
	
	
	
	0.05
	[0.05-0.06]
	<0.01
	0.01
	[0.01-0.02]
	<0.01

	
	101-150
	
	
	
	0.03
	[0.02-0.04]
	<0.01
	<0.01
	[-0.01-0.01]
	0.67

	Surgical volume per unit (Surgeries per year, ≥500)
	≤200
	
	
	
	0.06
	[0.05-0.07]
	<0.01
	0.10
	[0.09-0.11]
	<0.01

	
	200-299
	
	
	
	0.01
	[<0.01-0.01]
	0.23
	0.01
	[0.01-0.02]
	<0.01

	
	300-399
	
	
	
	-0.03
	[-0.04-(-0.02)]
	<0.01
	-0.02
	[-0.03-(-0.01)]
	<0.01

	
	400-499
	
	
	
	-0.03
	[-0.04-(-0.02)]
	<0.01
	-0.02
	[-0.03-(-0.01)]
	<0.01

	Minimally invasive surgery (No)
	Yes
	
	
	
	-0.07
	[-0.08-(-0.05)]
	<0.01
	-0.05
	[-0.07-(-0.04)]
	<0.01

	Thromboprophylaxis (LMWH +/-Other)
	None
	
	
	
	-0.05
	[-0.07-(-0.03)]
	<0.01
	-0.02
	[-0.04-0.01]
	0.21

	
	Aspirin only
	
	
	
	-0.02
	[-0.04-(-0.01)]
	0.01
	-0.02
	[-0.03-<0.01]
	0.01

	
	Other (no LMWH)
	
	
	
	-0.01
	[-0.02-(-0.01)]
	<0.01
	0.01
	[<0.01-0.02]
	<0.01

	Mechanical prophylaxis (any)
	None
	
	
	
	0.08
	[0.06-0.09]
	<0.01
	0.02
	[<0.01-0.03]
	0.01

	General anaesthesia (No)
	Yes
	
	
	
	0.05
	[0.05-0.06]
	<0.01
	0.05
	[0.05-0.06]
	<0.01

	Regional – epidural anaesthesia (No)
	Yes
	
	
	
	0.04
	[0.03-0.05]
	<0.01
	0.02
	[0.01-0.03]
	<0.01

	Regional – nerve block anaesthesia (No)
	Yes
	
	
	
	0.05
	[0.04-0.05]
	<0.01
	0.03
	[0.02-0.04]
	<0.01

	Regional – spinal anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Type of approach (Medial parapatellar)
	Lateral parapatellar
	
	
	
	0.08
	[0.06-0.11]
	<0.01
	0.07
	[0.04-0.09]
	<0.01

	
	Mid-Vastus
	
	
	
	-0.06
	[-0.07-(-0.05)]
	<0.01
	-0.07
	[-0.08-(-0.05)]
	<0.01

	
	Sub-Vastus
	
	
	
	-0.04
	[-0.07-(-0.02)]
	<0.01
	-0.03
	[-0.05-<0.01]
	0.02

	
	Other
	
	
	
	0.04
	[0.02-0.06]
	<0.01
	0.04
	[0.02-0.06]
	<0.01

	Femoral bone graft (No)
	Yes
	
	
	
	0.02
	[<0.01-0.04]
	0.04
	0.03
	[0.01-0.05]
	0.02

	Tibia bone graft (No)
	Yes
	
	
	
	0.10
	[0.07-0.14]
	<0.01
	0.09
	[0.05-0.13]
	<0.01

	Primary femoral fixation (Cemented)
	Cementless
	
	
	
	
	
	
	
	
	

	Primary Tibial fixation (Cemented)
	Cementless
	
	
	
	
	
	
	
	
	

	Type of knee implant (Bycondilar)
	Unicondylar or Hinged or Linked or Custom or Preassembled
	
	
	
	-0.24
	[-0.25-(-0.22)]
	<0.01
	-0.25
	[-0.26-(-0.24)]
	<0.01

	Hospital organisation factors
	
	
	
	
	
	
	
	
	
	

	Unit type (Public hospital)
	Independent sector – hospital
	
	
	
	
	
	
	-0.26
	[-0.27-(-0.26)]
	<0.01

	
	Independent sector – treatment centre
	
	
	
	
	
	
	-0.44
	[-0.45-(-0.42)]
	<0.01

	FTE of speciality groups on trauma and orthopaedic surgery (0-24 FTEs)
	25-29
	
	
	
	
	
	
	0.02
	[0.01-0.03]
	<0.01

	
	30-39
	
	
	
	
	
	
	0.02
	[0.02-0.03]
	<0.01

	
	40-49
	
	
	
	
	
	
	0.05
	[0.04-0.06]
	<0.01

	
	>50
	
	
	
	
	
	
	0.06
	[0.05-0.07]
	<0.01

	Consultant FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	0.02
	[0.01-0.03]
	<0.01

	
	30-39
	
	
	
	
	
	
	0.01
	[<0.01-0.02]
	0.02

	
	40-49
	
	
	
	
	
	
	0.02
	[0.01-0.03]
	<0.01

	
	>50
	
	
	
	
	
	
	0.04
	[0.02-0.05]
	<0.01

	middle grade doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	0.01
	[<0.01-0.02]
	0.01

	
	30-39
	
	
	
	
	
	
	0.04
	[0.03-0.05]
	<0.01

	
	40-49
	
	
	
	
	
	
	0.03
	[0.02-0.05]
	<0.01

	
	>50
	
	
	
	
	
	
	0.04
	[0.02-0.06]
	<0.01

	early career doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	Total beds available overnight (0-349)
	350-499
	
	
	
	
	
	
	-0.03
	[-0.04-(-0.02)]
	<0.01

	
	500-699
	
	
	
	
	
	
	-0.06
	[-0.07-(-0.05)]
	<0.01

	
	700-999
	
	
	
	
	
	
	-0.08
	[-0.09-(-0.07)]
	<0.01

	
	≥1000
	
	
	
	
	
	
	-0.10
	[-0.12-(-0.08)]
	<0.01

	Total beds available overnight for trauma and orthopaedic surgery (0-34)
	35-49
	
	
	
	
	
	
	0.02
	[0.01-0.03]
	<0.01

	
	50-69
	
	
	
	
	
	
	0.03
	[0.03-0.04]
	<0.01

	
	70-99
	
	
	
	
	
	
	0.04
	[0.02-0.05]
	<0.01

	
	≥100
	
	
	
	
	
	
	0.05
	[0.03-0.07]
	<0.01

	Total beds available overnight for rehabilitation (0)
	>0-10
	
	
	
	
	
	
	<0.01
	[-0.02-0.01]
	0.93

	
	11-20
	
	
	
	
	
	
	<0.01
	[-0.02-0.01]
	0.62

	
	≥20
	
	
	
	
	
	
	0.03
	[0.02-0.04]
	<0.01

	Operating theatres (<10)
	10-14
	
	
	
	
	
	
	-0.02
	[-0.03-(-0.01)]
	<0.01

	
	15-19
	
	
	
	
	
	
	-0.01
	[-0.02-<0.01]
	0.20

	
	20-24
	
	
	
	
	
	
	-0.04
	[-0.06-(-0.03)]
	<0.01

	
	≥25
	
	
	
	
	
	
	-0.06
	[-0.08-(-0.04)]
	<0.01

	Dedicated day case operating theatres (≥7)
	0
	
	
	
	
	
	
	<0.01
	[<0.01-0.01]
	0.35

	
	1-2
	
	
	
	
	
	
	0.01
	[<0.01-0.01]
	0.23

	
	3-4
	
	
	
	
	
	
	<0.01
	[-0.01-0.01]
	0.49

	
	5-6
	
	
	
	
	
	
	0.01
	[<0.01-0.02]
	0.01
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	Patient model
	Surgical model
	Hospital organisation model

	
	Categories
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P

	Intercept
	
	35.1
	[34.3-35.8]
	<0.01
	36.3
	[35.4-37.1]
	<0.01
	35.9
	[35.1-36.8]
	<0.01

	Patient factors
	
	
	
	
	
	
	
	
	
	

	Calendar year (2016)
	2015
	-0.4
	[-0.5-(-0.2)]
	<0.01
	-0.2
	[-0.4-(-0.1)]
	0.01
	-0.2
	[-0.4-(-0.1)]
	0.01

	
	2016
	-0.1
	[-0.3-0.1]
	0.23
	0.0
	[-0.2-0.1]
	0.65
	0.0
	[-0.2-0.1]
	0.67

	Age (<50 years)
	50-59
	0.5
	[0.2-0.9]
	<0.01
	0.6
	[0.3-1.0]
	<0.01
	0.6
	[0.3-0.9]
	<0.01

	
	60-69
	0.8
	[0.5-1.1]
	<0.01
	1.1
	[0.7-1.4]
	<0.01
	1.0
	[0.7-1.3]
	<0.01

	
	70-79
	<0.1
	[-0.4-0.3]
	0.82
	0.4
	[0.1-0.8]
	0.01
	0.4
	[0.1-0.7]
	0.02

	
	80-84
	-1.0
	[-1.3-(-0.6)]
	<0.01
	-0.4
	[-0.7-0.0]
	0.05
	-0.4
	[-0.8-<0.1]
	0.03

	
	≥85
	-1.6
	[-2.0-(-1.2)]
	<0.01
	-1.0
	[-1.4-(-0.5)]
	<0.01
	-1.0
	[-1.4-(-0.6)]
	<0.01

	Sex (woman)
	man
	0.5
	[0.1-0.8]
	0.01
	0.4
	[<0.1-0.8]
	0.03
	0.4
	[<0.1-0.7]
	0.04

	BMI, (kg/m2)
	
	-0.1
	[-0.1-(-0.1)]
	<0.01
	-0.1
	[-0.1-(-0.1)]
	<0.01
	-0.1
	[-0.1-(-0.1)]
	<0.01

	Pre-operative ASA physical function score (Mild disease not incapacitating, grade 2)
	Fit and healthy (grade 1)
	1.0
	[0.8-1.2]
	<0.01
	1.0
	[0.8-1.1]
	<0.01
	0.9
	[0.8-1.1]
	<0.01

	
	Incapacitating systemic disease (grade 3)
	-1.6
	[-1.8-(-1.4)]
	<0.01
	-1.5
	[-1.7-(-1.4)]
	<0.01
	-1.4
	[-1.6-(-1.3)]
	<0.01

	
	Life threatening disease or Expected to die within 24h (grades 4 and 5)
	-2.6
	[-3.6-(-1.5)]
	<0.01
	-2.5
	[-3.6-(-1.5)]
	<0.01
	-2.4
	[-3.4-(-1.3)]
	<0.01

	IMD (Most deprived 20%)
	Least deprived 20%
	1.6
	[1.4-1.8]
	<0.01
	1.5
	[1.3-1.7]
	<0.01
	1.5
	[1.3-1.7]
	<0.01

	
	Former Less deprived 20-40%
	1.3
	[1.1-1.5]
	<0.01
	1.2
	[1.0-1.4]
	<0.01
	1.2
	[1.0-1.4]
	<0.01

	
	Current Less deprived 40-60%
	0.6
	[0.4-0.8]
	<0.01
	0.6
	[0.4-0.8]
	<0.01
	0.6
	[0.4-0.8]
	<0.01

	
	More deprived 20-40%
	0.2
	[<0.1-0.4]
	0.03
	0.2
	[<0.1-0.5]
	0.03
	0.2
	[<0.1-0.5]
	0.02

	Rural/Urban indicator (Urban >=10,000 habitants)
	Town and fringe
	0.4
	[0.2-0.6]
	<0.01
	0.4
	[0.2-0.6]
	<0.01
	0.4
	[0.2-0.6]
	<0.01

	
	Village/isolated
	0.8
	[0.6-0.9]
	<0.01
	0.8
	[0.6-0.9]
	<0.01
	0.7
	[0.5-0.9]
	<0.01

	Primary indication (Osteoarthritis)
	Osteoarthritis and Other*
	
	
	
	
	
	
	
	
	

	Charlson score (None, 0)
	Mild (1)
	-1.0
	[-1.1-(-0.8)]
	<0.01
	-1.0
	[-1.1-(-0.8)]
	<0.01
	-0.9
	[-1.1-(-0.8)]
	<0.01

	
	Moderate (2)
	-1.2
	[-1.4-(-0.9)]
	<0.01
	-1.1
	[-1.4-(-0.9)]
	<0.01
	-1.1
	[-1.3-(-0.8)]
	<0.01

	
	Severe (≥3)
	-1.1
	[-1.5-(-0.8)]
	<0.01
	-1.1
	[-1.4-(-0.8)]
	<0.01
	-1.0
	[-1.4-(-0.7)]
	<0.01

	OHS baseline (points)
	
	-0.8
	[-0.8-(-0.8)]
	<0.01
	-0.8
	[-0.8-(-0.8)]
	<0.01
	-0.8
	[-0.8-(-0.8)]
	<0.01

	EQ-5D-3L (Highest quintile)
	Lowest quintile
	2.3
	[2.0-2.5]
	<0.01
	2.3
	[2.0-2.5]
	<0.01
	2.3
	[2.0-2.5]
	<0.01

	
	2nd quintile
	3.3
	[3.1-3.6]
	<0.01
	3.3
	[3.0-3.6]
	<0.01
	3.3
	[3.0-3.5]
	<0.01

	
	3rd quintile
	3.2
	[2.9-3.5]
	<0.01
	3.2
	[2.9-3.5]
	<0.01
	3.2
	[2.9-3.4]
	<0.01

	
	4th quintile
	3.9
	[3.6-4.2]
	<0.01
	3.9
	[3.6-4.2]
	<0.01
	3.9
	[3.6-4.2]
	<0.01

	Woman x EQ-5D-3L (Highest quintile)
	Woman x Lowest quintile
	0.9
	[0.5-1.3]
	<0.01
	0.9
	[0.5-1.3]
	<0.01
	0.9
	[0.5-1.4]
	<0.01

	
	Woman x 2nd quintile
	0.3
	[-0.1-0.7]
	0.17
	0.3
	[-0.1-0.7]
	0.16
	0.3
	[-0.1-0.8]
	0.13

	
	Woman x 3rd quintile
	0.7
	[0.3-1.1]
	<0.01
	0.7
	[0.3-1.1]
	<0.01
	0.7
	[0.3-1.2]
	<0.01

	
	Woman x 4th quintile
	0.5
	[0.1-0.9]
	0.03
	0.5
	[0.1-0.9]
	0.03
	0.5
	[0.1-0.9]
	0.02

	Surgical factors
	
	
	
	
	
	
	
	
	
	

	Lead surgeon experience (Consultant)
	Other**
	
	
	
	-0.6
	[-0.7-(-0.4)]
	<0.01
	-0.3
	[-0.4-(-0.1)]
	<0.01

	Surgical volume per lead surgeon (>150 surgeries per year)
	≤10
	
	
	
	-1.2
	[-1.6-(-0.8)]
	<0.01
	-1.0
	[-1.5-(-0.6)]
	<0.01

	
	11-50
	
	
	
	-0.7
	[-0.9-(-0.5)]
	<0.01
	-0.6
	[-0.8-(-0.4)]
	<0.01

	
	51-75
	
	
	
	-0.5
	[-0.7-(-0.4)]
	<0.01
	-0.5
	[-0.7-(-0.3)]
	<0.01

	
	76-100
	
	
	
	-0.5
	[-0.7-(-0.3)]
	<0.01
	-0.4
	[-0.6-(-0.2)]
	<0.01

	
	101-150
	
	
	
	-0.3
	[-0.5-(-0.1)]
	<0.01
	-0.3
	[-0.5-(-0.1)]
	<0.01

	Surgical volume per unit (Surgeries per year, ≥500)
	≤200
	
	
	
	-0.2
	[-0.4-<0.1]
	0.13
	
	
	

	
	200-299
	
	
	
	-0.2
	[-0.4-<0.1]
	0.04
	
	
	

	
	300-399
	
	
	
	-0.1
	[-0.3-0.1]
	0.16
	
	
	

	
	400-499
	
	
	
	0.1
	[-0.2-0.4]
	0.53
	
	
	

	Minimally invasive surgery (No)
	Yes
	
	
	
	
	
	
	
	
	

	Thromboprophylaxis (LMWH +/-Other)
	None
	
	
	
	
	
	
	
	
	

	
	Aspirin only
	
	
	
	
	
	
	
	
	

	
	Other (no LMWH)
	
	
	
	
	
	
	
	
	

	Mechanical prophylaxis (any)
	None
	
	
	
	
	
	
	
	
	

	General anaesthesia (No)
	Yes
	
	
	
	-0.3
	[-0.4-(-0.1)]
	<0.01
	-0.3
	[-0.5-(-0.1)]
	<0.01

	Regional – epidural anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – nerve block anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – spinal anaesthesia (No)
	Yes
	
	
	
	0.4
	[0.2-0.5]
	<0.01
	0.3
	[0.2-0.5]
	<0.01

	Type of approach (Posterior)
	Anterior, antero-lateral, hardinge, lateral, trochanteric osteotomy, other
	
	
	
	-0.9
	[-1.0-(-0.8)]
	<0.01
	-0.9
	[-1.0-(-0.7)]
	<0.01

	Femoral bone graft (No)
	Yes
	
	
	
	-0.8
	[-1.6-(-0.1)]
	0.03
	-0.8
	[-1.5-<0.1)]
	0.05

	Cup bone graft (No)
	Yes
	
	
	
	0.5
	[0.2-0.8]
	<0.01
	0.5
	[0.2-0.8]
	<0.01

	Primary cup fixation (Cementless)
	Cemented
	
	
	
	-0.6
	[-0.8-(-0.5)]
	<0.01
	-0.6
	[-0.7-(-0.4)]
	<0.01

	Type of primary stem fixation (Cemented THR stem)
	Not available or Resurfacing
	
	
	
	<0.1
	[-0.8-0.9]
	0.91
	
	
	

	
	Cementless THR stem
	
	
	
	<0.1
	[-0.1-0.1]
	0.94
	
	
	

	Bearing surface (MoP)
	MoM
	
	
	
	-1.7
	[-3.9-0.4]
	0.11
	-1.6
	[-3.6-0.3]
	0.10

	
	CoC
	
	
	
	0.2
	[<0.1-0.5]
	0.03
	0.3
	[0.1-0.6]
	<0.01

	
	CoP
	
	
	
	0.2
	[0.1-0.4]
	<0.01
	0.3
	[0.1-0.4]
	<0.01

	
	CoM or MoC or unknown
	
	
	
	-0.5
	[-1.1-0.1]
	0.07
	-0.4
	[-1.0-0.2]
	0.20

	Femoral head size (≤28mm) 
	32
	
	
	
	0.1
	[-0.1-0.2]
	0.45
	0.1
	[-0.1-0.2]
	0.32

	
	36-42
	
	
	
	<0.1
	[-0.2-0.2]
	0.91
	<0.1
	[-0.2-0.2]
	0.64

	
	≥44
	
	
	
	2.0
	[0.2-3.8]
	0.03
	2.1
	[0.3-3.9]
	0.02

	Hospital organisation factors
	
	
	
	
	
	
	
	
	
	

	Unit type (Public hospital)
	Independent sector – hospital
	
	
	
	
	
	
	0.8
	[0.6-0.9]
	<0.01

	
	Independent sector – treatment centre
	
	
	
	
	
	
	1.0
	[0.7-1.3]
	<0.01

	FTE of speciality groups on trauma and orthopaedic surgery (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	Consultant FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	middle grade doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	early career doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	Total beds available overnight (0-349)
	350-499
	
	
	
	
	
	
	-0.5
	[-0.8-(-0.2)]
	<0.01

	
	500-699
	
	
	
	
	
	
	-0.7
	[-1.0-(-0.4)]
	<0.01

	
	700-999
	
	
	
	
	
	
	-0.7
	[-1.0-(-0.4)]
	<0.01

	
	≥1000
	
	
	
	
	
	
	-0.8
	[-1.1-(-0.4)]
	<0.01

	Total beds available overnight for trauma and orthopaedic surgery (0-34)
	35-49
	
	
	
	
	
	
	
	
	

	
	50-69
	
	
	
	
	
	
	
	
	

	
	70-99
	
	
	
	
	
	
	
	
	

	
	≥100
	
	
	
	
	
	
	
	
	

	Total beds available overnight for rehabilitation (0)
	>0-10
	
	
	
	
	
	
	
	
	

	
	11-20
	
	
	
	
	
	
	
	
	

	
	≥20
	
	
	
	
	
	
	
	
	

	Operating theatres (<10)
	10-14
	
	
	
	
	
	
	0.4
	[0.1-0.7]
	0.02

	
	15-19
	
	
	
	
	
	
	0.7
	[0.3-1.0]
	<0.01

	
	20-24
	
	
	
	
	
	
	0.6
	[0.3-1.0]
	<0.01

	
	≥25
	
	
	
	
	
	
	0.6
	[0.2-1.0]
	<0.01

	Dedicated day case operating theatres (≥7)
	0
	
	
	
	
	
	
	-0.2
	[-0.4-<0.1]
	0.12

	
	1-2
	
	
	
	
	
	
	-0.3
	[-0.5-<0.1]
	0.02

	
	3-4
	
	
	
	
	
	
	<0.1
	[-0.2-0.2]
	0.89

	
	5-6
	
	
	
	
	
	
	-0.1
	[-0.3-0.1]
	0.19
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	Patient model
	Surgical model
	Hospital organisation model

	
	Categories
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P

	Intercept
	
	25.62
	[24.89-26.35]
	<0.01
	25.96
	[25.18-26.73]
	<0.01
	25.61
	[24.84-26.38]
	<0.01

	Patient factors
	
	
	
	
	
	
	
	
	
	

	Calendar year (2016)
	2015
	-0.74
	[-0.90-(-0.58)]
	<0.01
	-0.71
	[-0.87-(-0.55)]
	<0.01
	-0.69
	[-0.85-(-0.53)]
	<0.01

	
	2016
	-0.56
	[-0.72-(-0.40)]
	<0.01
	-0.57
	[-0.73-(-0.41)]
	<0.01
	-0.56
	[-0.72-(-0.40)]
	<0.01

	Age (<50 years)
	50-59
	1.30
	[0.76-1.85]
	<0.01
	1.30
	[0.76-1.85]
	<0.01
	1.26
	[0.71-1.81]
	<0.01

	
	60-69
	2.57
	[2.04-3.10]
	<0.01
	2.56
	[2.03-3.09]
	<0.01
	2.51
	[1.98-3.03]
	<0.01

	
	70-79
	2.92
	[2.39-3.45]
	<0.01
	2.92
	[2.39-3.45]
	<0.01
	2.86
	[2.33-3.39]
	<0.01

	
	80-84
	2.54
	[1.99-3.09]
	<0.01
	2.53
	[1.98-3.08]
	<0.01
	2.48
	[1.93-3.03]
	<0.01

	
	≥85
	2.23
	[1.64-2.82]
	<0.01
	2.21
	[1.62-2.80]
	<0.01
	2.18
	[1.59-2.77]
	<0.01

	Sex (woman)
	man
	0.38
	[0.27-0.50]
	<0.01
	0.38
	[0.26-0.49]
	<0.01
	0.38
	[0.27-0.50]
	<0.01

	BMI, (kg/m2)
	
	-0.08
	[-0.09-(-0.07)]
	<0.01
	-0.08
	[-0.09-(-0.07)]
	<0.01
	-0.07
	[-0.08-(-0.06)]
	<0.01

	Pre-operative ASA physical function score (Mild disease not incapacitating, grade 2)
	Fit and healthy (grade 1)
	0.80
	[0.60-1.01]
	<0.01
	0.81
	[0.60-1.01]
	<0.01
	0.77
	[0.57-0.98]
	<0.01

	
	Incapacitating systemic disease (grade 3)
	-1.16
	[-1.32-(-1.00)]
	<0.01
	-1.13
	[-1.29-(-0.97)]
	<0.01
	-1.05
	[-1.21-(-0.90)]
	<0.01

	
	Life threatening disease or Expected to die within 24h (grades 4 and 5)
	-3.11
	[-4.36-(-1.86)]
	<0.01
	-3.07
	[-4.32-(-1.82)]
	<0.01
	-2.94
	[-4.19-(-1.69)]
	<0.01

	IMD (Most deprived 20%)
	Least deprived 20%
	1.31
	[1.10-1.52]
	<0.01
	1.30
	[1.09-1.50]
	<0.01
	1.28
	[1.07-1.49]
	<0.01

	
	Former Less deprived 20-40%
	1.08
	[0.89-1.28]
	<0.01
	1.07
	[0.87-1.26]
	<0.01
	1.05
	[0.85-1.25]
	<0.01

	
	Current Less deprived 40-60%
	0.45
	[0.25-0.65]
	<0.01
	0.44
	[0.23-0.64]
	<0.01
	0.44
	[0.23-0.64]
	<0.01

	
	More deprived 20-40%
	0.27
	[0.07-0.48]
	0.01
	0.26
	[0.06-0.47]
	0.01
	0.27
	[0.06-0.47]
	0.01

	Rural/Urban indicator (Urban >=10,000 habitants)
	Town and fringe
	0.47
	[0.28-0.67]
	<0.01
	0.48
	[0.29-0.68]
	<0.01
	0.48
	[0.28-0.67]
	<0.01

	
	Village/isolated
	0.84
	[0.65-1.03]
	<0.01
	0.85
	[0.66-1.04]
	<0.01
	0.83
	[0.64-1.02]
	<0.01

	Primary indication (Osteoarthritis)
	Osteoarthritis and Other*
	
	
	
	
	
	
	
	
	

	Charlson score (None, 0)
	Mild (1)
	-1.01
	[-1.15-(-0.88)]
	<0.01
	-1.02
	[-1.15-(-0.88)]
	<0.01
	-1.00
	[-1.13-(-0.86)]
	<0.01

	
	Moderate (2)
	-0.97
	[-1.19-(-0.75)]
	<0.01
	-0.96
	[-1.18-(-0.74)]
	<0.01
	-0.91
	[-1.13-(-0.69)]
	<0.01

	
	Severe (≥3)
	-1.28
	[-1.59-(-0.97)]
	<0.01
	-1.27
	[-1.58-(-0.96)]
	<0.01
	-1.22
	[-1.53-(-0.91)]
	<0.01

	OKS baseline (points)
	
	-0.67
	[-0.68-(-0.66)]
	<0.01
	-0.68
	[-0.69-(-0.67)]
	<0.01
	-0.68
	[-0.69-(-0.67)]
	<0.01

	EQ-5D-3L (Lowest quintile)
	2nd quintile
	2.68
	[2.48-2.88]
	<0.01
	2.67
	[2.47-2.87]
	<0.01
	2.66
	[2.46-2.86]
	<0.01

	
	3rd quintile
	3.06
	[2.88-3.25]
	<0.01
	3.04
	[2.86-3.23]
	<0.01
	3.02
	[2.84-3.21]
	<0.01

	
	4th quintile
	2.43
	[2.19-2.68]
	<0.01
	2.42
	[2.17-2.66]
	<0.01
	2.40
	[2.15-2.64]
	<0.01

	
	Highest quintile
	3.81
	[3.60-4.01]
	<0.01
	3.78
	[3.57-3.99]
	<0.01
	3.77
	[3.56-3.98]
	<0.01

	Surgical factors
	
	
	
	
	
	
	
	
	
	

	Lead surgeon experience (Consultant)
	Other**
	
	
	
	-0.49
	[-0.63-(-0.34)]
	<0.01
	-0.28
	[-0.43-(-0.12)]
	<0.01

	Surgical volume per lead surgeon (>150 surgeries per year)
	≤10
	
	
	
	-0.54
	[-1.01-(-0.06)]
	0.03
	
	
	

	
	11-50
	
	
	
	-0.33
	[-0.52-(-0.13)]
	<0.01
	
	
	

	
	51-75
	
	
	
	-0.23
	[-0.43-(-0.03)]
	0.03
	
	
	

	
	76-100
	
	
	
	-0.08
	[-0.27-0.12]
	0.43
	
	
	

	
	101-150
	
	
	
	-0.16
	[-0.35-0.03]
	0.10
	
	
	

	Surgical volume per unit (Surgeries per year, ≥500)
	≤200
	
	
	
	-0.19
	[-0.42-0.03]
	0.10
	-0.43
	[-0.66-(-0.20)]
	<0.01

	
	200-299
	
	
	
	-0.20
	[-0.40-0.01]
	0.06
	-0.29
	[-0.50-(-0.08)]
	0.01

	
	300-399
	
	
	
	-0.04
	[-0.23-0.16]
	0.71
	-0.08
	[-0.28-0.11]
	0.40

	
	400-499
	
	
	
	-0.37
	[-0.59-(-0.15)]
	<0.01
	-0.40
	[-0.62-(-0.19)]
	<0.01

	Minimally invasive surgery (No)
	Yes
	
	
	
	
	
	
	
	
	

	Thromboprophylaxis (LMWH +/-Other)
	None
	
	
	
	
	
	
	
	
	

	
	Aspirin only
	
	
	
	
	
	
	
	
	

	
	Other (no LMWH)
	
	
	
	
	
	
	
	
	

	Mechanical prophylaxis (any)
	None
	
	
	
	-0.37
	[-0.71-(-0.03)]
	0.04
	
	
	

	General anaesthesia (No)
	Yes
	
	
	
	-0.41
	[-0.59-(-0.23)]
	<0.01
	-0.46
	[-0.64-(-0.28)]
	<0.01

	Regional – epidural anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – nerve block anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – spinal anaesthesia (No)
	Yes
	
	
	
	0.29
	[0.10-0.48]
	<0.01
	0.25
	[0.07-0.44]
	0.01

	Type of approach (Medial parapatellar)
	Lateral parapatellar
	
	
	
	0.40
	[-0.23-1.02]
	0.21
	0.45
	[-0.17-1.08]
	0.16

	
	Mid-Vastus
	
	
	
	0.17
	[-0.18-0.52]
	0.34
	0.20
	[-0.15-0.56]
	0.26

	
	Sub-Vastus
	
	
	
	0.67
	[0.11-1.24]
	0.02
	0.63
	[0.07-1.19]
	0.03

	
	Other
	
	
	
	-0.10
	[-0.59-0.39]
	0.70
	-0.10
	[-0.59-0.39]
	0.70

	Femoral bone graft (No)
	Yes
	
	
	
	
	
	
	
	
	

	Tibia bone graft (No)
	Yes
	
	
	
	
	
	
	
	
	

	Primary femoral fixation (Cemented)
	Cementless
	
	
	
	
	
	
	
	
	

	Primary Tibial fixation (Cemented)
	Cementless
	
	
	
	
	
	
	
	
	

	Type of knee implant (Bycondilar)
	Unicondylar or Hinged or Linked or Custom or Preassembled
	
	
	
	
	
	
	
	
	

	Hospital organisation factors
	
	
	
	
	
	
	
	
	
	

	Unit type (Public hospital)
	Independent sector – hospital
	
	
	
	
	
	
	0.73
	[0.57-0.88]
	<0.01

	
	Independent sector – treatment centre
	
	
	
	
	
	
	0.57
	[0.28-0.85]
	<0.01

	FTE of speciality groups on trauma and orthopaedic surgery (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	Consultant FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	middle grade doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	early career doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	Total beds available overnight (0-349)
	350-499
	
	
	
	
	
	
	
	
	

	
	500-699
	
	
	
	
	
	
	
	
	

	
	700-999
	
	
	
	
	
	
	
	
	

	
	≥1000
	
	
	
	
	
	
	
	
	

	Total beds available overnight for trauma and orthopaedic surgery (0-34)
	35-49
	
	
	
	
	
	
	
	
	

	
	50-69
	
	
	
	
	
	
	
	
	

	
	70-99
	
	
	
	
	
	
	
	
	

	
	≥100
	
	
	
	
	
	
	
	
	

	Total beds available overnight for rehabilitation (0)
	>0-10
	
	
	
	
	
	
	
	
	

	
	11-20
	
	
	
	
	
	
	
	
	

	
	≥20
	
	
	
	
	
	
	
	
	

	Operating theatres (<10)
	10-14
	
	
	
	
	
	
	
	
	

	
	15-19
	
	
	
	
	
	
	
	
	

	
	20-24
	
	
	
	
	
	
	
	
	

	
	≥25
	
	
	
	
	
	
	
	
	

	Dedicated day case operating theatres (≥7)
	0
	
	
	
	
	
	
	
	
	

	
	1-2
	
	
	
	
	
	
	
	
	

	
	3-4
	
	
	
	
	
	
	
	
	

	
	5-6
	
	
	
	
	
	
	
	
	



[bookmark: _Hlk15383209]Supplementary Table A4.a30. Logistic multilevel models of complications at 6 months for patients underwent planned primary hip replacement
	
	
	Patient model
	Surgical model
	Hospital organisation model

	
	Categories
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P

	Intercept
	
	-4.95
	[-5.24-(-4.65)]
	<0.01
	-4.85
	[-5.16-(-4.54)]
	<0.01
	-4.84
	[-5.16-(-4.53)]
	<0.01

	Patient factors
	
	
	
	
	
	
	
	
	
	

	Calendar year (2016)
	2015
	0.10
	[0.04-0.16]
	<0.01
	0.08
	[0.02-0.14]
	0.01
	0.08
	[0.02-0.14]
	0.01

	
	2016
	0.11
	[0.05-0.17]
	<0.01
	0.11
	[0.05-0.17]
	<0.01
	0.11
	[0.05-0.17]
	<0.01

	Age (<50 years)
	50-59
	0.08
	[-0.10-0.25]
	0.38
	0.07
	[-0.10-0.25]
	0.41
	0.08
	[-0.10-0.25]
	0.40

	
	60-69
	0.22
	[0.06-0.39]
	0.01
	0.20
	[0.04-0.37]
	0.02
	0.21
	[0.04-0.37]
	0.02

	
	70-79
	0.55
	[0.39-0.71]
	<0.01
	0.50
	[0.33-0.67]
	<0.01
	0.50
	[0.33-0.67]
	<0.01

	
	80-84
	0.86
	[0.69-1.03]
	<0.01
	0.81
	[0.63-0.99]
	<0.01
	0.81
	[0.63-0.99]
	<0.01

	
	≥85
	1.16
	[0.98-1.33]
	<0.01
	1.11
	[0.92-1.29]
	<0.01
	1.10
	[0.91-1.28]
	<0.01

	Sex (woman)
	man
	0.25
	[0.20-0.30]
	<0.01
	0.27
	[0.21-0.32]
	<0.01
	0.27
	[0.22-0.32]
	<0.01

	BMI, (kg/m2)
	
	0.01
	[0.01-0.02]
	<0.01
	0.01
	[0.01-0.02]
	<0.01
	0.01
	[0.01-0.02]
	<0.01

	Pre-operative ASA physical function score (Mild disease not incapacitating, grade 2)
	Fit and healthy (grade 1)
	-0.22
	[-0.32-(-0.12)]
	<0.01
	-0.21
	[-0.31-(-0.11)]
	<0.01
	-0.21
	[-0.31-(-0.10)]
	<0.01

	
	Incapacitating systemic disease (grade 3)
	0.43
	[0.37-0.49]
	<0.01
	0.42
	[0.37-0.48]
	<0.01
	0.41
	[0.35-0.47]
	<0.01

	
	Life threatening disease or Expected to die within 24h (grades 4 and 5)
	0.85
	[0.63-1.08]
	<0.01
	0.83
	[0.61-1.06]
	<0.01
	0.82
	[0.59-1.04]
	<0.01

	IMD (Most deprived 20%)
	Least deprived 20%
	-0.04
	[-0.12-0.05]
	0.38
	-0.02
	[-0.11-0.06]
	0.56
	-0.02
	[-0.11-0.06]
	0.60

	
	Former Less deprived 20-40%
	-0.05
	[-0.13-0.03]
	0.21
	-0.04
	[-0.13-0.04]
	0.30
	-0.04
	[-0.12-0.04]
	0.34

	
	Current Less deprived 40-60%
	0.08
	[-0.01-0.16]
	0.07
	0.08
	[<0.01-0.16]
	0.06
	0.08
	[<0.01-0.17]
	0.06

	
	More deprived 20-40%
	0.09
	[0.01-0.18]
	0.03
	0.10
	[0.01-0.18]
	0.03
	0.10
	[0.01-0.18]
	0.03

	Rural/Urban indicator (Urban >=10,000 habitants)
	Town and fringe
	
	
	
	
	
	
	
	
	

	
	Village/isolated
	
	
	
	
	
	
	
	
	

	Primary indication (Osteoarthritis)
	Osteoarthritis and Other*
	0.36
	[0.23-0.49]
	<0.01
	0.35
	[0.23-0.48]
	<0.01
	0.35
	[0.22-0.47]
	<0.01

	Charlson score (None, 0)
	Mild (1)
	0.33
	[0.27-0.39]
	<0.01
	0.33
	[0.27-0.39]
	<0.01
	0.33
	[0.27-0.39]
	<0.01

	
	Moderate (2)
	0.50
	[0.41-0.58]
	<0.01
	0.50
	[0.41-0.58]
	<0.01
	0.49
	[0.41-0.57]
	<0.01

	
	Severe (≥3)
	0.75
	[0.66-0.85]
	<0.01
	0.75
	[0.65-0.84]
	<0.01
	0.74
	[0.64-0.83]
	<0.01

	EQ-5D-3L (Highest quintile)
	Lowest quintile
	-0.14
	[-0.21-(-0.06)]
	<0.01
	-0.14
	[-0.21-(-0.06)]
	<0.01
	-0.14
	[-0.21-(-0.06)]
	<0.01

	
	2nd quintile
	-0.28
	[-0.36-(-0.20)]
	<0.01
	-0.28
	[-0.36-(-0.19)]
	<0.01
	-0.27
	[-0.36-(-0.19)]
	<0.01

	
	3rd quintile
	-0.29
	[-0.37-(-0.20)]
	<0.01
	-0.28
	[-0.37-(-0.19)]
	<0.01
	-0.28
	[-0.36-(-0.19)]
	<0.01

	
	4th quintile
	-0.36
	[-0.45-(-0.27)]
	<0.01
	-0.35
	[-0.44-(-0.26)]
	<0.01
	-0.35
	[-0.43-(-0.26)]
	<0.01

	Surgical factors
	
	
	
	
	
	
	
	
	
	

	Lead surgeon experience (Consultant)
	Other**
	
	
	
	
	
	
	
	
	

	Surgical volume per lead surgeon (>150 surgeries per year)
	≤10
	
	
	
	
	
	
	
	
	

	
	11-50
	
	
	
	
	
	
	
	
	

	
	51-75
	
	
	
	
	
	
	
	
	

	
	76-100
	
	
	
	
	
	
	
	
	

	
	101-150
	
	
	
	
	
	
	
	
	

	Surgical volume per unit (Surgeries per year, ≥500)
	≤200
	
	
	
	0.12
	[0.03-0.20]
	0.01
	0.12
	[0.04-0.21]
	0.01

	
	200-299
	
	
	
	0.08
	[<0.01-0.17]
	0.06
	0.08
	[-0.01-0.17]
	0.07

	
	300-399
	
	
	
	0.07
	[-0.01-0.16]
	0.10
	0.08
	[-0.01-0.17]
	0.09

	
	400-499
	
	
	
	0.05
	[-0.09-0.18]
	0.48
	0.05
	[-0.09-0.18]
	0.48

	Minimally invasive surgery (No)
	Yes
	
	
	
	-0.28
	[-0.43-(-0.13)]
	<0.01
	-0.27
	[-0.43-(-0.12)]
	<0.01

	Thromboprophylaxis (LMWH +/-Other)
	None
	
	
	
	0.14
	[-0.12-0.40]
	0.29
	0.15
	[-0.10-0.41]
	0.25

	
	Aspirin only
	
	
	
	0.19
	[0.04-0.34]
	0.01
	0.19
	[0.04-0.34]
	0.01

	
	Other (no LMWH)
	
	
	
	-0.04
	[-0.10-0.02]
	0.15
	-0.03
	[-0.09-0.03]
	0.28

	Mechanical prophylaxis (any)
	None
	
	
	
	
	
	
	
	
	

	General anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – epidural anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – nerve block anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – spinal anaesthesia (No)
	Yes
	
	
	
	-0.08
	[-0.13-(-0.02)]
	0.01
	-0.07
	[-0.13-(-0.01)]
	0.02

	Type of approach (Posterior)
	Anterior, antero-lateral, hardinge, lateral, trochanteric osteotomy, other
	
	
	
	
	
	
	
	
	

	Femoral bone graft (No)
	Yes
	
	
	
	
	
	
	
	
	

	Cup bone graft (No)
	Yes
	
	
	
	
	
	
	
	
	

	Primary cup fixation (Cementless)
	Cemented
	
	
	
	
	
	
	
	
	

	Type of primary stem fixation (Cemented THR stem)
	Not available or Resurfacing
	
	
	
	
	
	
	
	
	

	
	Cementless THR stem
	
	
	
	
	
	
	
	
	

	Bearing surface (MoP)
	MoM
	
	
	
	-0.20
	[-1.17-0.77]
	0.69
	-0.21
	[-1.17-0.76]
	0.68

	
	CoC
	
	
	
	-0.04
	[-0.15-0.07]
	0.44
	-0.05
	[-0.16-0.06]
	0.38

	
	CoP
	
	
	
	-0.08
	[-0.15-(-0.01)]
	0.03
	-0.08
	[-0.16-(-0.01)]
	0.02

	
	CoM or MoC or unknown
	
	
	
	0.13
	[-0.09-0.36]
	0.25
	0.12
	[-0.10-0.35]
	0.28

	Femoral head size (≤28mm)
	32
	
	
	
	-0.10
	[-0.16-(-0.04)]
	<0.01
	-0.10
	[-0.16-(-0.04)]
	<0.01

	
	36-42
	
	
	
	-0.06
	[-0.13-0.02]
	0.17
	-0.06
	[-0.14-0.02]
	0.14

	
	≥44
	
	
	
	-0.13
	[-0.98-0.73]
	0.77
	-0.13
	[-0.99-0.73]
	0.77

	Hospital organisation factors
	
	
	
	
	
	
	
	
	
	

	Unit type (Public hospital)
	Independent sector – hospital
	
	
	
	
	
	
	-0.08
	[-0.15-(-0.01)]
	0.03

	
	Independent sector – treatment centre
	
	
	
	
	
	
	-0.13
	[-0.27-0.01]
	0.06

	FTE of speciality groups on trauma and orthopaedic surgery (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	Consultant FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	middle grade doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	0.09
	[<0.01-0.17]
	0.04

	
	30-39
	
	
	
	
	
	
	0.05
	[-0.03-0.13]
	0.19

	
	40-49
	
	
	
	
	
	
	0.07
	[-0.03-0.16]
	0.17

	
	>50
	
	
	
	
	
	
	0.03
	[-0.05-0.12]
	0.45

	early career doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	Total beds available overnight (0-349)
	350-499
	
	
	
	
	
	
	
	
	

	
	500-699
	
	
	
	
	
	
	
	
	

	
	700-999
	
	
	
	
	
	
	
	
	

	
	≥1000
	
	
	
	
	
	
	
	
	

	Total beds available overnight for trauma and orthopaedic surgery (0-34)
	35-49
	
	
	
	
	
	
	
	
	

	
	50-69
	
	
	
	
	
	
	
	
	

	
	70-99
	
	
	
	
	
	
	
	
	

	
	≥100
	
	
	
	
	
	
	
	
	

	Total beds available overnight for rehabilitation (0)
	>0-10
	
	
	
	
	
	
	
	
	

	
	11-20
	
	
	
	
	
	
	
	
	

	
	≥20
	
	
	
	
	
	
	
	
	

	Operating theatres (<10)
	10-14
	
	
	
	
	
	
	
	
	

	
	15-19
	
	
	
	
	
	
	
	
	

	
	20-24
	
	
	
	
	
	
	
	
	

	
	≥25
	
	
	
	
	
	
	
	
	

	Dedicated day case operating theatres (≥7)
	0
	
	
	
	
	
	
	
	
	

	
	1-2
	
	
	
	
	
	
	
	
	

	
	3-4
	
	
	
	
	
	
	
	
	

	
	5-6
	
	
	
	
	
	
	
	
	



[bookmark: _Hlk15383226]Supplementary Table A4.b31. Logistic multilevel models of complications at 6 months for patients underwent planned primary knee replacement
	
	
	Patient model
	Surgical model
	Hospital organisation model

	
	Categories
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P
	Coef.
	95% CI
	P

	Intercept
	
	-3.92
	[-4.20-(-3.65)]
	<0.01
	-4.02
	[-4.30-(-3.73)]
	<0.01
	-4.01
	[-4.30-(-3.72)]
	<0.01

	Patient factors
	
	
	
	
	
	
	
	
	
	

	Calendar year (2016)
	2015
	0.15
	[0.09-0.20]
	<0.01
	0.14
	[0.09-0.20]
	<0.01
	0.14
	[0.08-0.19]
	<0.01

	
	2016
	0.15
	[0.09-0.20]
	<0.01
	0.14
	[0.08-0.20]
	<0.01
	0.14
	[0.08-0.19]
	<0.01

	Age (<50 years)
	50-59
	-0.18
	[-0.35-<0.01]
	0.05
	-0.19
	[-0.37-(-0.01)]
	0.04
	-0.18
	[-0.36-<0.01]
	0.04

	
	60-69
	-0.21
	[-0.38-(-0.04)]
	0.01
	-0.25
	[-0.42-(-0.08)]
	<0.01
	-0.24
	[-0.42-(-0.07)]
	0.01

	
	70-79
	-0.01
	[-0.18-0.16]
	0.94
	-0.05
	[-0.22-0.12]
	0.55
	-0.04
	[-0.22-0.13]
	0.61

	
	80-84
	0.25
	[0.08-0.43]
	0.01
	0.21
	[0.03-0.38]
	0.02
	0.21
	[0.03-0.39]
	0.02

	
	≥85
	0.61
	[0.43-0.80]
	<0.01
	0.57
	[0.38-0.75]
	<0.01
	0.57
	[0.38-0.75]
	<0.01

	Sex (woman)
	man
	0.23
	[0.19-0.28]
	<0.01
	0.24
	[0.20-0.29]
	<0.01
	0.24
	[0.20-0.29]
	<0.01

	BMI, (kg/m2)
	
	
	
	
	
	
	
	
	
	

	Pre-operative ASA physical function score (Mild disease not incapacitating, grade 2)
	Fit and healthy (grade 1)
	-0.22
	[-0.32-(-0.12)]
	<0.01
	-0.20
	[-0.30-(-0.10)]
	<0.01
	-0.19
	[-0.29-(-0.09)]
	<0.01

	
	Incapacitating systemic disease (grade 3)
	0.42
	[0.36-0.47]
	<0.01
	0.41
	[0.35-0.46]
	<0.01
	0.39
	[0.34-0.45]
	<0.01

	
	Life threatening disease or Expected to die within 24h (grades 4 and 5)
	0.94
	[0.68-1.20]
	<0.01
	0.90
	[0.64-1.16]
	<0.01
	0.88
	[0.62-1.15]
	<0.01

	IMD (Most deprived 20%)
	Least deprived 20%
	-0.13
	[-0.20-(-0.05)]
	<0.01
	-0.11
	[-0.19-(-0.03)]
	<0.01
	-0.11
	[-0.18-(-0.03)]
	0.01

	
	Former Less deprived 20-40%
	-0.08
	[-0.15-(-0.01)]
	0.03
	-0.07
	[-0.14-<0.01]
	0.06
	-0.07
	[-0.14-0.01]
	0.08

	
	Current Less deprived 40-60%
	-0.03
	[-0.10-0.04]
	0.44
	-0.03
	[-0.10-0.04]
	0.44
	-0.03
	[-0.10-0.05]
	0.45

	
	More deprived 20-40%
	0.03
	[-0.04-0.10]
	0.43
	0.03
	[-0.04-0.10]
	0.43
	0.03
	[-0.05-0.10]
	0.46

	Rural/Urban indicator (Urban >=10,000 habitants)
	Town and fringe
	
	
	
	
	
	
	
	
	

	
	Village/isolated
	
	
	
	
	
	
	
	
	

	Primary indication (Osteoarthritis)
	Osteoarthritis and Other*
	0.26
	[0.07-0.44]
	0.01
	0.25
	[0.06-0.44]
	0.01
	0.24
	[0.05-0.42]
	0.01

	Charlson score (None, 0)
	Mild (1)
	0.28
	[0.22-0.33]
	<0.01
	0.28
	[0.23-0.33]
	<0.01
	0.28
	[0.22-0.33]
	<0.01

	
	Moderate (2)
	0.41
	[0.34-0.49]
	<0.01
	0.42
	[0.34-0.49]
	<0.01
	0.41
	[0.33-0.48]
	<0.01

	
	Severe (≥3)
	0.69
	[0.60-0.78]
	<0.01
	0.69
	[0.60-0.78]
	<0.01
	0.68
	[0.59-0.77]
	<0.01

	EQ-5D-3L (Lowest quintile)
	2nd quintile
	-0.08
	[-0.15-<0.01]
	0.04
	-0.07
	[-0.15-<0.01]
	0.05
	-0.07
	[-0.15-<0.01]
	0.06

	
	3rd quintile
	-0.18
	[-0.25-(-0.12)]
	<0.01
	-0.18
	[-0.24-(-0.11)]
	<0.01
	-0.17
	[-0.24-(-0.11)]
	<0.01

	
	4th quintile
	-0.21
	[-0.29-(-0.12)]
	<0.01
	-0.20
	[-0.29-(-0.11)]
	<0.01
	-0.19
	[-0.28-(-0.10)]
	<0.01

	
	Highest quintile
	-0.26
	[-0.33-(-0.20)]
	<0.01
	-0.25
	[-0.32-(-0.19)]
	<0.01
	-0.24
	[-0.31-(-0.18)]
	<0.01

	Surgical factors
	
	
	
	
	
	
	
	
	
	

	Lead surgeon experience (Consultant)
	Other**
	
	
	
	
	
	
	
	
	

	Surgical volume per lead surgeon (>150 surgeries per year)
	≤10
	
	
	
	-0.10
	[-0.30-0.10]
	0.34
	
	
	

	
	11-50
	
	
	
	0.08
	[<0.01-0.16]
	0.05
	
	
	

	
	51-75
	
	
	
	0.07
	[-0.01-0.15]
	0.08
	
	
	

	
	76-100
	
	
	
	0.06
	[-0.02-0.14]
	0.14
	
	
	

	
	101-150
	
	
	
	0.08
	[0.01-0.16]
	0.04
	
	
	

	Surgical volume per unit (Surgeries per year, ≥500)
	≤200
	
	
	
	0.10
	[0.01-0.18]
	0.03
	0.10
	[0.01-0.18]
	0.03

	
	200-299
	
	
	
	0.08
	[0.01-0.16]
	0.03
	0.08
	[<0.01-0.16]
	0.04

	
	300-399
	
	
	
	0.08
	[<0.01-0.15]
	0.05
	0.08
	[<0.01-0.16]
	0.04

	
	400-499
	
	
	
	0.05
	[-0.03-0.14]
	0.23
	0.05
	[-0.04-0.13]
	0.27

	Minimally invasive surgery (No)
	Yes
	
	
	
	
	
	
	
	
	

	Thromboprophylaxis (LMWH +/-Other)
	None
	
	
	
	-0.27
	[-0.53-<0.01]
	0.05
	
	
	

	
	Aspirin only
	
	
	
	-0.04
	[-0.19-0.10]
	0.55
	
	
	

	
	Other (no LMWH)
	
	
	
	-0.03
	[-0.09-0.03]
	0.28
	
	
	

	Mechanical prophylaxis (any)
	None
	
	
	
	0.13
	[<0.01-0.27]
	0.05
	
	
	

	General anaesthesia (No)
	Yes
	
	
	
	0.09
	[0.04-0.14]
	<0.01
	0.08
	[0.03-0.13]
	<0.01

	Regional – epidural anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – nerve block anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Regional – spinal anaesthesia (No)
	Yes
	
	
	
	
	
	
	
	
	

	Type of approach (Medial parapatellar)
	Lateral parapatellar
	
	
	
	
	
	
	
	
	

	
	Mid-Vastus
	
	
	
	
	
	
	
	
	

	
	Sub-Vastus
	
	
	
	
	
	
	
	
	

	
	Other
	
	
	
	
	
	
	
	
	

	Femoral bone graft (No)
	Yes
	
	
	
	
	
	
	
	
	

	Tibia bone graft (No)
	Yes
	
	
	
	
	
	
	
	
	

	Primary femoral fixation (Cemented)
	Cementless
	
	
	
	
	
	
	
	
	

	Primary Tibial fixation (Cemented)
	Cementless
	
	
	
	
	
	
	
	
	

	Type of knee implant (Bycondilar)
	Unicondylar or Hinged or Linked or Custom or Preassembled
	
	
	
	-0.38
	[-0.49-(-0.27)]
	<0.01
	-0.38
	[-0.49-(-0.27)]
	<0.01

	Hospital organisation factors
	
	
	
	
	
	
	
	
	
	

	Unit type (Public hospital)
	Independent sector – hospital
	
	
	
	
	
	
	-0.10
	[-0.16-(-0.04)]
	<0.01

	
	Independent sector – treatment centre
	
	
	
	
	
	
	-0.30
	[-0.42-(-0.17)]
	<0.01

	FTE of speciality groups on trauma and orthopaedic surgery (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	Consultant FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	
	40-49
	
	
	
	
	
	
	
	
	

	
	>50
	
	
	
	
	
	
	
	
	

	middle grade doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	-0.01
	[-0.10-0.07]
	0.77

	
	30-39
	
	
	
	
	
	
	0.02
	[-0.06-0.11]
	0.56

	
	40-49
	
	
	
	
	
	
	0.11
	[-0.01-0.22]
	0.07

	
	>50
	
	
	
	
	
	
	0.10
	[<0.01-0.21]
	0.05

	early career doctor FTE (0-24 FTEs)
	25-29
	
	
	
	
	
	
	
	
	

	
	30-39
	
	
	
	
	
	
	
	
	

	Total beds available overnight (0-349)
	350-499
	
	
	
	
	
	
	
	
	

	
	500-699
	
	
	
	
	
	
	
	
	

	
	700-999
	
	
	
	
	
	
	
	
	

	
	≥1000
	
	
	
	
	
	
	
	
	

	Total beds available overnight for trauma and orthopaedic surgery (0-34)
	35-49
	
	
	
	
	
	
	
	
	

	
	50-69
	
	
	
	
	
	
	
	
	

	
	70-99
	
	
	
	
	
	
	
	
	

	
	≥100
	
	
	
	
	
	
	
	
	

	Total beds available overnight for rehabilitation (0)
	>0-10
	
	
	
	
	
	
	
	
	

	
	11-20
	
	
	
	
	
	
	
	
	

	
	≥20
	
	
	
	
	
	
	
	
	

	Operating theatres (<10)
	10-14
	
	
	
	
	
	
	0.13
	[0.05-0.21]
	<0.01

	
	15-19
	
	
	
	
	
	
	0.06
	[-0.02-0.13]
	0.16

	
	20-24
	
	
	
	
	
	
	0.10
	[0.02-0.18]
	0.01

	
	≥25
	
	
	
	
	
	
	0.11
	[0.02-0.20]
	0.01

	Dedicated day case operating theatres (≥7)
	0
	
	
	
	
	
	
	
	
	

	
	1-2
	
	
	
	
	
	
	
	
	

	
	3-4
	
	
	
	
	
	
	
	
	

	
	5-6
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Appendix 1, Figure A129. Trends in LOS and OHS/OKS at Hampshire Hospitals NHS Foundation Trust
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