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Background: Revision knee replacement (KR) is both challenging for the surgical team and
expensive for the healthcare provider. Limited high quality evidence is available to guide
decision-making.
Aim: To provide guidelines for surgeons and units delivering revision KR services.
Methods: A formal consensus process was followed by BASK’s Revision Knee Working
Group, which included surgeons from England, Wales, Scotland and Northern Ireland.
This was supported by analysis of National Joint Registry data.
Results: There are a large number of surgeons operating at NHS sites who undertake a
small number of revision KR procedures. To optimise patient outcomes and deliver cost-
effective care high-volume revision knee surgeons working at high volume centres should
undertake revision KR.
This document outlines practice guidelines for units providing a revision KR service and

sets out: The current landscape of revision KR in England, Wales and Northern Ireland.
Service organisation within a network model. The necessary infrastructure required to pro-
vide a sustainable revision service. Outcome metrics and auditable standards. Financial
mechanisms to support this service model.
Conclusions: Revision KR patients being treated in the NHS should be provided with the
best care available. This report sets out a framework to both guide and support revision
KR surgeons and centres to achieve this aim.

Crown Copyright � 2021 Published by Elsevier B.V. All rights reserved.
1. Background

Total knee replacement (TKR) is a well-recognised, effective treatment for joint disease that has been demonstrated to
reduce pain and improve function [1]. In the UK the annual rate of TKR has been increasing year-on-year [2] and because
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of population demographic changes (age, gender and obesity) the rate of primary TKR is projected to increase from 100,000
in 2018 to > 500,000 by 2030 [3]. This increase is also expected in other healthcare systems [4] (see Table 1).

Set alongside the increase in primary TKR the demand for revision knee replacement (KR) will also dramatically increase.
Revision KR is complex, often requiring advanced surgical techniques to deal with bone loss, debride infection and restore
extensor mechanism function [5]. It is also expensive [6], with high implant and equipment costs and patients regularly
require multiple procedures, prolonged hospital stays and higher-level care (e.g. high dependency unit, HDU). Furthermore,
outcomes are worse than for primary TKR [7,8] and complications can be devastating.

1.1. Rationale for this guideline

In 2015 the Getting it Right First Time (GIRFT) report recommended rationalisation of orthopaedic service delivery to
improve both cost effectiveness and efficiency [9]. In recognition of these challenges BASK developed a Revision Knee Work-
ing Group (RKWG), with representatives from units undertaking revision knee surgery in England, Wales, Scotland and
Northern Ireland. This guideline has been developed and approved by BASK representatives through this working group, sup-
ported by GIRFT and National Health Service (NHS) England and NHS Improvement (NHS E + I) and SCOT (Scottish Commit-
tee for Orthopaedics and Trauma) who provided representation at all RKWG meetings (six held thus far), to deliver
recommendations on service organisation, infrastructure and audit outcome metrics for units undertaking revision KR in
the NHS. A similar process is being undertaken by the British Hip Society to develop equivalent guidelines for revision
hip replacement, and is supported by the GIRFT program. Although representation was sought from Wales and Scotland,
the initial program of work focused on service re-organisation within England.

The provision and organisation of revision KR services in the UK are variable. Some regions run high quality multi-
disciplinary team (MDT) discussions coordinated by a tertiary referral Major Revision Centre (MRC) site, at which all revision
KR patients are discussed [10,11], whereas some sites have no network and no regular MDT meeting. Additionally a signif-
icant proportion of revision KR surgery is performed by low volume surgeons in low volume centres (data presented in this
report and [12]. Provision of revision KR surgery on this ad hoc basis is more expensive, requiring loan kit, and is delivered by
teams who are not regularly caring for these patients.

In the UK significant effort has been made to re-organise specialist care. Success has been achieved in the formation of
cancer networks [13] and major trauma networks [14], with evidence now being reported on the positive effects on patient
outcomes following these major service re-configurations [15,16]. Parallels may be drawn between revision KR surgery, can-
cer care and trauma surgery. All have significant long-term health implications; death rates from prosthetic joint infection
(PJI, 13% five year mortality), one of the top three indications for revision KR, are comparable to breast cancer, prostate cancer
and melanoma (9%, 5% and 11% respectively) [17]. All require a multidisciplinary team, with expertise across multiple
domains, such as allied surgical specialties (plastic surgery, vascular surgery), medical expertise in managing frail, elderly
patients, infectious disease expertise to manage infection, and therapists experienced in the rehabilitation needs of these
patients. At the core of the solution is addressing low volume surgery as well as supporting increased utilisation of MDTs,
with transfer of care of complex patients to revision centres with the required infrastructure, expertise and volume to deliver
a high-quality and cost-effective service.

1.2. BASK revision knee working group

Members of BASK were approached to form the RKWG using a purposeful sampling strategy. National Joint Registry (NJR)
data (revision KR practice over three years, recorded via a K2 form) was used to identify the ten highest volume revision sur-
geons and the ten highest volume centres in England and Wales. High volume centres were encouraged to put forward one
junior consultant. Surgeons from key centres in Scotland and Northern Ireland were also invited. This allowed the recruit-
ment of 25 suitable clinicians from across the UK.

1.3. Evidence checking and research priorities in revision knee surgery

In recognition of the challenges presented by revision knee surgery, BASK supported a James Lind Alliance Priority Setting
Partnership (JLA-PSP) on ‘Problematic Knee Replacements’. As part of the JLA-PSP systematic evidence check was undertaken
to a PRISMA compliant standard (previously reported [18]). Briefly, Pubmed, Embase and CINAHL databases were searched to
Table 1
Revision workload over three years in the NHS and Private
sectors (NJR data).

NHS Private Grand Total

2016 6327 865 7192
2017 6021 823 6844
2018 6007 814 6821
Grand Total 18,355 2502 20,857
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identify systematic reviews (SR) and randomised controlled trial (RCT) evidence relating to revision knee surgery. Searches
were performed from database inception to January 2019. Following removal of duplicates, 2009 abstracts were reviewed by
at least two reviewers and full texts explored as required. Potentially relevant papers were evaluated for quality, uncertainty
and relevance. The evidence check confirmed a limited quality of published papers, mostly based on small retrospective case
series and cohort studies [19,20]. SRs had self-reported limitations relating to quality of empirical evidence; RCTs did not
reveal significant or conclusive results (e.g. [21]).

The PSP elicited ten key research priorities, which included ‘‘What is the best way to diagnose and treat infection in a knee
replacement?” (Priority 2) and ‘‘What are the most effective ways to organise health care and avoid delay to improve the results
and patients’ experience of revision knee surgery?” (Priority 3). Overall, none of the research priorities were answered by pre-
viously published research. The identification of these priorities and the limited available evidence in revision knee surgery
stimulated the development of these guidelines through a consensus process, driven by the RKWG and, for PJI, through the
UK-PJI meetings.

1.4. Delphi consensus process

A Delphi process (brainstorming, narrowing down, quantification) was applied based on previously published consensus
statements [22,23] and followed guidelines set out by the NHS Research and Development Health Technology Assessment
Programme [24] and the British Medical Journal [25]. Draft consensus statements were circulated for rating with a scale
of 1 (disagree) to 10 (agree), and comments. An online survey tool (https://www.soscisurvey.de/) was used throughout this
process. These inputs were integrated, and amended consensus statements were prepared with a detailed explanation for
each statement modification. Anonymised results from the first round were re-circulated for scoring, comments, and pro-
posed modifications for statements that scored <7 in the first round. A predetermined mean score of �7 (with three or fewer
outliers: defined as scores less than 4) was used to define consensus. Fifty-seven statements were drafted. Fifty-five were
accepted after one round (mean agreement score of 9.8 ± 0.2/10). Two statements on management of joint infection did
not achieve this threshold, were modified and underwent a second round of voting, after which statements scored 9.1
and 9.5/10.

1.5. Recommendations formulated through the Delphi consensus process

Recommendations in this report are also presented in the recently published British Orthopaedic Association Standards
(BOASTs) on revision KR [26–28]. These BOASTs are provided as an appendix to this article and comprise >50 care standards
encompassing service organisation, MDT working and investigation and management of problematic and infected KR
patients. Key standards are highlighted in bold in this manuscript, and the relevant BOAST referenced. Standards pertaining
to the organisational and infrastructural components of care of revision KR patients in the NHS are presented here; further
publications provide additional detail, particularly around the management of infected KR and the development of revision
networks [29,30]. All the BOAST statements were formulated through the Delphi consensus process outlined above. All
working group members contributed fully to this process, with a 100% response rate. This report provides context for the
BOASTs, with relevant literature. Recommendations in this report that are not in bold did not undergo a consensus process,
but all RKWG members read and approved this manuscript, and provided input into and approved all amendments made
during the revision and publication process.
2. The current landscape of revision knee replacement in England, Wales, Northern Ireland and the Isle of Man and
revision volume recommendations

During 2016–2018 20,857 revision KR procedures (defined as any procedure that generates an NJR K2 form) in England
and Wales were undertaken at 237 NHS sites (18,355) and 168 Private sites (2502) [29]. Although there was a reduction in
revision surgery 2016–18, the broader picture is of an increasing revision knee volume; there were 6844 revision KR oper-
ations recorded in the NJR in 2017, an increase of �100% over 10 years from 2007 [31]. The most common indication for revi-
sion KR recorded on the NJR is loosening (38.7%), followed by instability (17.6%), pain (16.9%), implant wear (14.4%), lysis
(10%), malalignment (8%) and infection (6%). Infection is an extremely important indication for revision KR, being both dif-
ficult to treat successfully and expensive; the cost for treatment of an infected KR is �£30,011 compared with �£9,000 for
non-infected cases [6].

2.1. Individual surgeon volume

It is well established in all aspects of surgery that there is a volume to outcome relationship; this has also been well
described in knee surgery. In primary knee surgery (total and partial) higher surgeon volume is associated with lower com-
plication rates, lower revision rates and lower mortality rates [32–34]. In unicompartmental knee surgery the evidence sup-
ports a level of >13 cases per surgeon per year [34,35]and in total knee replacement the level of improvement of outcomes is
seen at a level of 60 cases [33]. Revision KR requires more challenging patient-based decision-making and involves more
355
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technically demanding surgery than primary KR surgery. Evidence is emerging of a volume-outcome relationship in revision
arthroplasty [36,37]. The combination of longer surgery times, multiple instrumentation sets and complex team working
required, coupled with the higher risk and more devastating outcomes of complications mean that it is highly unlikely that
the minimum number per surgeon would be less than a unicompartmental KR and it is reasonable to infer that similar dif-
ferences in outcomes will be found in studies of revision KR.

Between 2016–18 (three years, NJR data), 227 surgeons undertook only one procedure and 144 undertook two (annual
surgeon volume calculated from three year data 2016–2018). NJR data is affected by various factors, including the incorrect
attribution of caseload, incorrect procedure coding and data entry error. However, even with these caveats there is a large
number and large proportion of low volume surgeons.

2.2. Unit volume

Of the 239 NHS sites in England and Wales that undertook revision knee surgery between 2016–2018, 180 (75%) per-
formed <30 cases per year. Ten sites undertook >80 per year and 23 sites undertook >50 per year; these high volume sites
are obvious candidates to become regional specialist centres, with at least one in each NJR region in England. Although smal-
ler volumes were recorded at units in Wales and Northern Ireland, there were centres with significantly greater volumes in
these regions which would be candidate MRC/RUs [29]. This is carefully explained in a separate report [29]. Scotland was not
included in this analysis as we did not have access to data from the Scottish Arthroplasty Project (SAP) which monitors total
knee arthroplasty carried out there. A relationship between higher unit volume and improved outcomes has been recognised
in primary knee surgery [33,34]. Evidence is becoming available for revision surgery; analysis of >17,000 revision hip cases
showed that low volume centres (<13 cases per year) had significantly worse 90-day mortality and 1-year re-revision rates
than high-volume centres[37] and analysis of �25,000 revision knee cases showed decreased re-revision rates in high vol-
ume centres [36]. Analysis of >30,000 hip and knee revision cases showed lower complication rates and lower 90 day re-
admission rates in high volume centres [38]. Although these reports point towards a volume-outcome relationship in revi-
sion KR the precise level remains a research question.

2.3. Consensus surgeon and unit volume recommendations

The current landscape of revision KR in England and Wales is of a number of low-volume surgeons. Although some low-
volume surgeons are based in high volume units, the majority practices in low-volume NHS sites. Based on the GIRFT ideals
laid out in 2015 and emerging literature that demonstrates a volume-outcome relationship in primary and revision arthro-
plasty, decreased complication rates and lower cost will be achieved by the introduction of minimum surgeon numbers and
minimum unit numbers in revision KR.

The RKWG recommend a minimum revision threshold to be set at 15 cases per individual revision surgeon per year [26].
Surgeon volume is calculated from any procedure that generates a K2 form (including revision of a uni-compartmental KR,
debridement, antibiotics and implant retention (DAIR) for infection). This threshold aims to strike a measured balance
between what is achievable and realistic set against the evidence for a volume-outcome relationship in primary and revision
KR. Surgeon and unit volume should be sufficient for an individual surgeon to develop and maintain expertise. Units under-
taking revision KR should achieve a minimum volume of 30 cases per year, with ideally at least two surgeons undertaking
revision KR [26]. Passports that allow surgeons to operate across multiple sites and trusts have been established in several
regions in England and will allow experienced revision surgeons from smaller units to maintain and develop their practice.
Dual surgeon operating is encouraged [26], although it is recognised that currently ‘credit’ for one procedure can only be
attributed to a single surgeon within the NJR. It should be the responsibility of local and regional units to provide robust
governance and oversight of all revision activity and outcomes, which will also mitigate against deliberate overtreatment
of patients.
3. Organisational structure and infrastructure required to undertake revision knee replacement

3.1. Development of regional major revision centre-revision unit networks

Regional network models have improved outcomes in diverse areas of healthcare in the UK [16]. This recognises both the
outcome-volume relationship and the requirement for multiple different specialists to care for complex patients. In revision
KR several regions have already established regional MDT meetings for the management of revision knee surgery patients,
most notably a pilot in the East Midlands supported by a grant from NHS England [10,11]. In this MRC-RU system all patients
being considered for revision KR surgery are discussed at a meeting chaired by the MRC site (Nottingham Trust). The aims of
the meeting are to decide on a treatment plan and if surgery is indicated decide where and who undertakes the procedure.

This guideline recommends the widespread implementation of regional ‘Revision Knee Networks’ into a MRC-RU system
[26]. This would:
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� Allow both surgeons and centres to achieve and maintain a consistent, high-volume practice.
� Provide a referral pathway and support surgeons’ decision making in complex and challenging cases

3.2. Primary arthroplasty units

We recommend that units that currently undertake a low volume of revision knee surgery (<30 cases per year) stop
undertaking procedures that generate a K2 form and become Primary Arthroplasty Units (PAUs). These units should link into
their regional RU and MRC through a robust referral mechanism and be able to participate in the regional MDT. It is expected
that funding mechanisms reflect this change, with the result that these units will not be funded for revision KR surgery
within the NHS. Referrals should go to the closest Revision Unit or MRC depending on complexity. Urgent referral is required
for infected cases; DAIR procedures should be performed by an experienced arthroplasty surgeon and exchange of all mod-
ular components should be performed. To meet this treatment guideline transfer of patients may be required. This is detailed
more carefully in a report specifically on PJI treatment [30].

3.3. Revision unit requirements

Revision units should reach minimum surgeon and unit volume requirements and provide the following infrastructure
[26]:

� Revision units should not routinely use or require loan implant equipment.
� Revision units should provide ring-fenced, dedicated elective beds in an orthopaedic ward.
� All revision KR patients should have access to advanced post-operative nursing care (level 1.5 or post-operative surgical
unit) for their first 24-48hrs.

� All revision KR surgery should be performed in dedicated clean air elective arthroplasty theatres.
� Access to plastic surgeons and allied specialties should be available, either locally or through a regional network.
� A nominated revision KR lead will be appointed in each MRC and RU who will act as contact and liaison within the net-
work. Their job-plan should include dedicated time for revision KR workload such as processing referrals and MDT
discussions.

3.4. Major revision unit requirements

In addition to the requirements for RUs, MRCs should have ready access to plastic and vascular surgical support, ideally on
site or within the same trust. Post-operative surgical units (POSU) and/or HDU facilities for elective orthopaedic patients are
essential. These should be ring-fenced; it is not acceptable for revision KR patients to have their surgical treatment delayed
because of insufficient or inadequate post-operative care facilities. The MRC unit should coordinate a regional revision MDT
and an infection MDT [26]. This may be a combined meeting or two separate meetings. Complex cases should be referred to
the MRC from the RU via a robust referral pathway and once the acute inpatient care episode is completed patients will be
repatriated to the referral unit closest to their home.

3.5. Multi-disciplinary team coordination and referral pathways

MRC-RU networks should set up a regular (minimum twice-monthly) regional MDT at which all patients being consid-
ered for revision KR will be discussed. Members of both MRC and RU units should attend (either in person or via teleconfer-
ence). All revision cases should be discussed at an MDT. If urgent surgical treatment resulting in a K2 form is required (e.g.
DAIR for sepsis), post-hoc discussion at the MDT should be undertaken and recorded. This should be part of both MRC and RU
job plans for the revision KR leads. Robust referral pathways are required to facilitate patient transfer for both elective and
acute settings, facilitated by coordinators and online referral platforms. Out of hours referrals should take place via on-call
orthopaedic teams and be reviewed the following day. Within each region, surgeons from the RU units and the regional cen-
tres should have flexibility to decide on a local individual patient referral processes and post-operative follow-up
arrangements.

The revision KR MDT should comprise orthopaedic surgeons, specialist nurses and rehabilitation teams. If cases of sus-
pected or confirmed infection are discussed, infectious disease physicians or microbiologists and pharmacists should be
involved in the MDT. The MDT should have dedicated administrative support and an MDT coordinator. Plastic surgeons, vas-
cular surgeons and specialist radiologists should all be easily accessible to the MDT. All MDT discussions should be standard-
ised and recorded. Outcomes should be audited according to published audit standards.

3.6. Specific indications for revision knee replacement

It is recognised that �20% of patients following knee replacement are not satisfied with their outcome. A small number of
these patients will have a surgically correctable cause, and it is the responsibility of the revision network to undertake appro-
priate investigations in a timely fashion to identify appropriate patients for revision KR [28]. The corollary is that a number of
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patients will not have a correctable cause identified. In this case revision KR is not indicated. The regional network should
coordinate the care of these patients and remove the pressure to undertake revision KR when the diagnosis is unclear. A MDT
approach with second opinions, physiotherapy input and pain specialists are recommended. Further specific guidance from
National bodies is expected to follow on the investigation and management of patients with a problematic KR.

3.7. Treatment of infection

Orthopaedic infection is a devastating outcome with a prolonged and challenging treatment course. NJR data shows that
17% of first revisions are for infection. However, 55% of 2nd revisions, 62% of 3rd, 67% of 4th and 74% of 5th revisions include
infection as an indication (NJR data, not published). We do not currently have data on the specific procedure performed for
infection (e.g. DAIR versus first stage). Complex cases, such as failed revision for infection, should be referred to the MRC.
Patients with known or suspected infection should be managed via a regional MDT, coordinated by the MRC unit, according
to the recommendations provided in recent publications [28,30].

3.8. Case complexity

A complexity grading tool such as the Revision Knee Complexity Classification [39] should be used to aid communication
and allow identification of more complex revision cases that may need to be done in the regional MRC. All complex revisions
(R2 + R3) should be discussed at the regional MDT and it is recommended that complex surgery, such as cases with signif-
icant bone loss, re-revision and patients with significant confounding factors (e.g. soft tissue compromise) are performed at
the MRC units.

3.9. Training and dual surgeon operating

Revision surgeons should engage in continued medical education. MRCs and RUs should facilitate and provide training for
surgeons. BASK are producing a list of accredited fellowships in Revision KR surgery, and a BASK instructional course will be
run yearly. Dual consultant operating is recommended, particularly for complex cases or for less experienced or lower vol-
ume surgeons (15–20 revisions/year). It is recognised that currently only one surgeon can be credited with a revision case on
the NJR. This is a challenge that needs addressing in the future to support dual surgeon operating.

3.10. Repatriation and therapy services

Patients with infection, periprosthetic fracture or those who require prolonged postoperative rehabilitation should be
immediately accepted back by the referring unit when fit for transfer. This model has been successfully implemented in
major trauma networks.

Rehabilitation may be provided centrally or locally depending on local infrastructure. However, it is expected that MRC
and RU centres should provide specialist physiotherapy services, where dedicated named staff have experience of treating
patients following this type of surgery. The MRC should have a nominated lead therapist, who provides ongoing advice
and training to local therapists.

3.11. Issues pertaining to Scotland, Northern Ireland and the private sector

Contribution to arthroplasty and infection registries is subject to differing regulations in Scotland and Northern Ireland.
We recommend contribution to the NJR (or the Scottish Arthroplasty Project, in Scotland) and the Bone and Joint Infection
Registry (BAJIR) where local conditions allow.

A relatively small proportion of revision surgery is performed outside NHS sites [29]. By design this guideline does not
specifically make recommendations for private sector units, although it is notable that most private units are low volume
and would fall into the PAU category.

4. Outcome metrics and auditable standards

Units should record and monitor their practice. Further specific guidance from National bodies is expected to follow.

4.1. Outcome measures

Both MRC and RU units should record the following performance indicators:

1. Audit of case load and surgeon volume
2. Grading of case complexity (e.g. the RKCC) [39]
3. MDT attendance and case discussion record
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4. Post-surgery morbidity and mortality
5. Revision KR Surgical Site Infection rate
6. Return to theatre rate
7. NJR and Bone and Joint Infection Registry (BAJIR) compliance rate
8. Appointment of support staff
9. Availability and usage of higher level postoperative care

10. Loan kit usage
11. Regional pathways of care

4.2. Auditable standards

1. Entry of all revision knee surgery cases into the NJR
It is currently a minimum standard of care that all surgeons and units undertaking revision surgery enter data into the

NJR. A K2 form should be completed for all revisions including DAIRs.

2. All patients within the revision knee pathway should be managed under the direction of a multidisciplinary care team
(MDT)

Building on the experience of the provision of orthopaedic related cancer services, it is clear that the complex clinical
pathway for revision knee surgery requires an MDT approach. This is a key part of the redesign of revision knee services
within the NHS. It is proposed that initially 90% of all cases should be discussed in an MDT with 100% of R2 and R3 cases
but as services develop this should approach an overall rate of 95% within 2 years.

3. All PJI cases should be managed under the direction of a specific PJI multidisciplinary care team (MDT) including special-
ists in infectious diseases or a microbiologist.

Many units offering PJI care have already adopted an MDT approach. The aim would be to extend this approach to all cen-
tres undertaking this type of work, with MDTs run at MRCs and RUs having virtual access to the MDT as required. Units
should aim for 100% of all PJI cases to have an MDT discussion recorded in the patient notes.

4. All DAIR procedures to be performed by a Consultant surgeon with expertise in arthroplasty surgery

For DAIR to be successful the procedure should be carried out to the highest recognised standards of care. It is widely
accepted that this procedure requires an experienced arthroplasty Consultant surgeon as the lead surgeon performing the
case.

5. Entry of all infected knee replacement cases into the Bone and Joint Infection Registry

The BAJIR database has been specifically designed to support MDT working and clinical decision making and BASK sup-
ports the entry all cases of PJI infection into BAJIR. Engagement in this process should become the standard of care

6. All surgeons undertaking revision knee surgery should undertake specific continued medical education and attend the
BASK Revision Surgery Update Course

Continued medical education for all healthcare professional involved in a clinical pathway is a critical component of
maintaining standards of care. The BASK Revision Surgery Course will be specifically designed to support healthcare profes-
sionals involved in the delivery of revision knee surgery. Revision surgeons should attend this meeting or similar at a min-
imum of once every two years.

5. Patient information and shared decision making

Patients should be provided with information (both written in the form of a patient information sheet and verbally) from
their referring team on why their treatment is being undertaken at a different unit with more experience of revision surgery.
It is recognised that some patients may have to travel to receive treatment. This inconvenience should be minimised by repa-
triation when clinically appropriate and establishment of suitable rehabilitation and therapy services locally, as outlined
above.

Complex decision-making is involved in all patients being considered for revision knee surgery. The General Medical
Council’s ‘Good Medical Practice – duties of a doctor’ [40] guide states that doctors should

– Listen to patients and respond to their concerns and preferences
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– Give patients the information they want or need in a way they can understand
– Respect patients’ right to reach decisions with the doctor about their treatment and care
– Support patients in caring for themselves to improve and maintain their health.

It is important that complex decisions are made in a shared process that adheres to these four principles. Direct consul-
tation is absolutely required; decisions made without direct consultation do not adhere to principles of good medical prac-
tice. MDT discussions should be explained and communicated to the patient.

6. Finance

Appropriate financial re-imbursement is critical for the development and sustainability of specialist centres. Currently
revision KR is financially unsustainable with the maximum tariff set at £12,000, and complex revision KR patients costing
>£30,000 to treat [6,41] A centre uplift tariff is currently being developed by NHSE + I with the aim of implementation in
2020. The most common diagnostic and procedural codes for knee revision surgery are provided in the coding appendix.

7. Summary

Revision Knee Surgery is a technically demanding procedure with high complication rates, high cost and complex instru-
mentation. Optimum patient care requires both an expert surgeon and an expert team including allied surgical specialties
(plastic and vascular), infection specialists, physical therapists and anaesthetic and critical care support. Furthermore, there
are potentially devastating outcomes for patients when complications occur. This patient group is often in pain and function-
ally disabled. Assessment involves a difficult pre-operative decision making process, based on multiple investigations and
requires a realistic appraisal of both the cause and possible surgical solution for the problem. There is increasing evidence
that higher volume surgeons and centres achieve better outcomes with lower complication rates.

Our patients should be provided with the best care available; within the NHS networks have already been very successful
in the management of cancer and trauma. Working within networks with a multidisciplinary team approach will require
transfer of patients from one unit to another within a region. The aim of this re-organisation, coupled with the introduction
of new guidelines, BOASTs and standards is to improve the care for these patients. The Revision Knee Working Group, on
behalf of the British Association of Surgery of the Knee, supported by the British Orthopaedic Association and GIRFT (NHS
E + I), have developed these guidelines to improve the organisation and delivery of care in this difficult area. The corner-
stones of these guidelines are:

1. Establishment of a regional network of Major Revision Centres (MRC), Revision Units (RU) and Primary Arthroplasty Units
(PAU), with a structure of care delivery based on surgeon and unit volume and availability of key infrastructure resources.

2. Development of regional MDT networks to facilitate patient discussion and select the most appropriate centre for surgery.
3. Auditable standards to monitor performance.
4. Appropriate financial mechanisms to support this new model of revision KR surgery.
Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgement

The authors thank the National Joint Registry for the data used in this study.

Appendix A. Diagnostic and procedure codes

A.1. OPCS

O18.3 – Revision of hybrid prosthetic replacement of knee joint using cement
W40.3 – Revision of total prosthetic replacement of knee joint using cement
W40.4 – Revision of one component of total prosthetic replacement of knee joint using cement
W41.3 – Revision of total prosthetic replacement of knee joint not using cement
W41.4 - Revision of one component of total prosthetic replacement of knee joint not using cement
W42.3 – Revision of total prosthetic replacement of knee joint NEC
W42.5 – Revision of one component of total prosthetic replacement of knee joint NEC
For the first stage of the procedure assign the following codes:
W42.4 – Attention to prosthetic replacement of relevant joint NEC
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Y03.7 – Removal of prosthesis from organ NOC
W81.7 – Insertion of therapeutic spacer into joint
Y70.3 – First stage of staged operations NOC
Z site code – Z84.6 knee
Z94 – Laterality of operation

Debridement must not be coded in addition when a joint spacer has been inserted following
removal of the prosthesis.
For the second stage of the procedure assign the following codes:
Insertion of like for like prosthesis:
Revision of prosthetic replacement of relevant joint code
Y71.1 – Subsequent stage of staged operations NOC
Insertion of a different type of prosthesis:
Conversion to prosthetic replacement of relevant joint code (new prosthesis inserted during this stage)
Code that classifies conversion from prosthetic replacement of relevant joint (prosthesis removed in stage 1)
Y71.1 – Subsequent stage of staged operations NOC
See also PGCS16: Conversion procedures.
The removal of the joint spacer during the second stage of the procedure must not be
coded in addition.

W42.4 + Y03.2 – Change of polyethylene inserts
W42.4 + Y03.6 – Adjustment to knee replacement prosthesis in organ.

Add site code to all

W57.2 – Excision arthroplasty
W57.3 – Revision of excision arthroplasty of joint
W57.4 – Conversion to excision arthroplasty of joint

Add site code to all

W58.1 – primary resurfacing arthroplasty of joint
W58.2 – revision of resurfacing arthroplasty of joint
W58.0 Conversion from previous resurfacing arthroplasty of joint

Add site code to all
The above codes are used for the resurfacing of the patella / patella button with site code Z78.7 as well as uni-

compartmental knee replacements

Appendix B. ICD 10 codes

B.1. Osteoarthritis of knee

M17.0 – Primary gonarthrosis, bilateral
M17.1 – Other primary gonarthritis
M17.2 – Post-traumatic gonarthrosis, bilateral
M17.3 – Other post traumatic gonarthrosis
M17.4 – Other secondary gonarthrosis, bilateral
M17.5 – Other secondary gonarthrosis
M17.9 – Gonarthrosis, unspecified

B.2. Rheumatoid arthritis of the knee

M05 – Seropositive rheumatoid arthritis
M06.0 – Seronegative rheumatoid arthritis
M06.1 – Adult-onset Still disease
M06.4 – Inflammatory polyarthropathy – can also use M06.8 + M06.9
M08.0 – Juvenile rheumatoid arthritis
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ICD codes above need a site code as a fifth character. For the knee the site code is 0.6 – Lower leg; fibula knee joint; tib-
ia/0.0 for multiple sites

There are also numerous duel codes to reflect arthritis when in/due to another condition eg. L40.5D (Dagger) Arthropathic
psoriasis M07.3A (Asterisk) Other psoriatic arthropathies

B.3. Periprosthetic fracture (without an identified cause)

M96.6 – Fracture of bone following insertion of orthopaedic
implant, joint prosthesis, or bone plate

B.4. Periprosthetic fracture (with a traumatic cause)

M96.6 – Fracture of bone following insertion of orthopaedic
implant, joint Prosthesis or bone plate
Plus the relevant code for type of trauma from Chapter XX- External causes of morbidity and mortality (The coders will

help with this)
Intraoperative fractures (including intraoperative periprosthetic/ peri-implant fractures)
A code from Chapter XlX Injury, poisoning and certain other consequences of external causes (S00-T98) that classifies the

fractured bone
Y79.2 – Orthopaedic devices associated with adverse incidents, prosthetic and other implants, materials and accessory

devices
Example
S72.30 – Fracture of shaft of femur
Y79.2 – Orthopaedic devices associated with adverse incidents, prosthetic and other implants, materials and accessory

devices

B.5. Aseptic loosening

T84.0 – Mechanical complication of internal joint prosthesis
This includes breakdown (mechanical), displacement, malposition, obstruction, perforation, protrusion etc.

B.6. Infection

T84.5 – Infection and inflammatory reaction due to internal joint prosthesis
If the prosthesis is infected assign T84.5 Infection and inflammatory reaction due to internal joint prosthesis.
This code can be immediately followed by codes from categories B95.-, B96.-, B97.- or B98.- if the agent causing the infec-

tion is known (additional codes from categories U82, U83, U84 can also be assigned to show any resistances to antimicrobial
drugs).

Appendix C. HRG codes

ICD M064 Inflammatory polyarthropathy HD23J
ICD M080 Juvenile rheumatoid arthritis HD23J
ICD M170 Primary gonarthrosis, bilateral HD24H
ICD M171 Other primary gonarthrosis HD24H
ICD M172 Post-traumatic gonarthrosis, bilateral HD24H
ICD M173 Other post-traumatic gonarthrosis HD24H
ICD M174 Other secondary gonarthrosis, bilateral HD24H
ICD M175 Other secondary gonarthrosis HD24H
ICD M179 Gonarthrosis, unspecified HD24H
ICD M966 Fracture of bone following insertion of orthopaedic implant, joint prosthesis, or bone plate HD24H
ICD S7230 Fracture of shaft of femur: closed HE11H
ICD T840 Mechanical complication of internal joint prosthesis HE82D
ICD T845 Infection and inflammatory reaction due to internal joint prosthesis HE81C
ICD Y792 Orthopaedic devices associated with adverse incidents: Prosthetic and other implants, materials and accessory
devices UZ01
ICD S7231 Fracture of shaft of femur: open HE11H
OPCS O183 Revision of hybrid prosthetic replacement of knee joint using cement HN81E
OPCS W403 Revision of total prosthetic replacement of knee joint using cement HN81E
OPCS W404 Revision of one component of total prosthetic replacement of knee joint using cement HN81E
362



N.S. Kalson, J.A. Mathews, J.R.A. Phillips et al. The Knee 29 (2021) 353–364
OPCS W413 Revision of total prosthetic replacement of knee joint not using cement HN81E
OPCS W414 Revision of one component of total prosthetic replacement of knee joint not using cement HN81E
OPCS W423 Revision of total prosthetic replacement of knee joint NEC HN81E
OPCS W425 Revision of one component of total prosthetic replacement of knee joint NEC HN81E
OPCS Y036 Adjustment to prosthesis in organ NOC UZ01Z
OPCS Y703 First stage of staged operations NOC UZ01Z
OPCS Y711 Subsequent stage of staged operations NOC UZ01Z
OPCS O234 Attention to total prosthetic replacement of knee joint HN81E
W57.2 Primary excision arthroplasty of joint NEC HN64
W57.3 Revision of excision arthroplasty of joint HN63
W57.4 Conversion to excision arthroplasty of joint HN86

Excision arthroplasty is diagnosis driven and requires an ICD code to generate a HRG
Note: ‘UZ’ codes cannot be mapped to an HRG code in isolation and require input of additional OPCS codes for that

episode.
For accurate OPCS HRGs, a diagnosis code is required in addition; some HRGs are diagnosis driven and others change

dependent on the ICD-10 code eg. Revision of total prosthetic replacement of knee joint using cement for a mechanical com-
plication = HN81E but the same procedure for an infected joint replacement = HN80D.

HRGs can vary greatly dependent on additional co-morbidities or any other procedures carried out concurrently.
Acknowledgement: Coding information was kindly provided by Robert Morgan, Clinical Coding office, Queen Elizabeth

Hospital, Gateshead and Katie Omerod, Exeter Knee Reconstruction Unit, Royal Devon and Exeter Hospital.
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Appendix D. Supplementary material

Supplementary data to this article can be found online at https://doi.org/10.1016/j.knee.2021.01.032.
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