
VOL. 4, NO. 4, APRIL 2023 226

Freely available onlineFollow us @BoneJointOpen

BJO

A. J. Moore,
V. Wylde,
M. R. Whitehouse,
A. D. Beswick,
N. E. Walsh,
C. Jameson,
A. W. Blom

From University of 
Bristol, Bristol, UK

Correspondence should be sent to
Andrew J Moore; email:  
a.j.moore@bristol.ac.uk

doi: 10.1302/2633-1462.44.BJO-
2022-0155.R1

Bone Jt Open 2023;4-4:226–233.

	� HIP

Development of evidence-based 
guidelines for the treatment and 
management of periprosthetic 
hip infection
THE INFORM GUIDELINES

Aims
Periprosthetic hip-joint infection is a multifaceted and highly detrimental outcome for pa-
tients and clinicians. The incidence of prosthetic joint infection reported within two years of 
primary hip arthroplasty ranges from 0.8% to 2.1%. Costs of treatment are over five-times 
greater in people with periprosthetic hip joint infection than in those with no infection. 
Currently, there are no national evidence-based guidelines for treatment and management 
of this condition to guide clinical practice or to inform clinical study design. The aim of this 
study is to develop guidelines based on evidence from the six-year INFection and ORthopae-
dic Management (INFORM) research programme.

Methods
We used a consensus process consisting of an evidence review to generate items for the 
guidelines and online consensus questionnaire and virtual face-to-face consensus meeting 
to draft the guidelines.

Results
The consensus panel comprised 21 clinical experts in orthopaedics, primary care, rehabilita-
tion, and healthcare commissioning. The final output from the consensus process was a 14-
item guideline. The guidelines make recommendations regarding increased vigilance and 
monitoring of those at increased risk of infection; diagnosis including strategies to ensure 
the early recognition of prosthetic infection and referral to orthopaedic teams; treatment, 
including early use of DAIR and revision strategies; and postoperative management includ-
ing appropriate physical and psychological support and antibiotic strategies.

Conclusion
We believe the implementation of the INFORM guidelines will inform treatment protocols 
and clinical pathways to improve the treatment and management of periprosthetic hip in-
fection.

Cite this article: Bone Jt Open 2023;4-4:226–233.
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Introduction
For many people hip arthroplasty improves 
pain and mobility, but some people expe-
rience complications including peripros-
thetic joint infection (PJI). The incidence of 
PJI reported within two years of primary hip 

arthroplasty ranges from 0.8 to 2.1%.1-3 The 
impact of PJI on patients is severe, and can 
result in severe pain, disability, or death.4,5 In 
the USA, it is reported that patients under-
going treatment for PJI have a two-fold 
increase in in-hospital mortality for each 
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surgical admission compared to aseptic revisions, and 
as PJI cases often have multiple admissions, the risk of 
mortality is cumulative.6 Concerns have also been raised 
in regard to increasing antibiotic resistance and the 
growth in the number of culture-negative PJIs,7 which 
highlights the importance of increasing vigilance and 
prevention practices to avoid an increase in the number 
of PJIs.8 The management of PJI is complex and optimi-
zation is crucial. Most patients with PJI require either 
single- or two-stage revision surgery, which involves 
removal of the prosthesis, debridement of infected tissue, 
antibiotic treatment, and revision total hip arthroplasty in 
either one or two operations. As there are no UK standard 
pathways for the treatment of hip PJI, treatment is often 
guided by expert opinion,9 and other factors including 
availability of infrastructure (microbiology support) and 
the infecting organism,10 although use of single-stage 
revision is increasing.11

Between 2014 and 2020, theINFection ORthopaedic 
Management (INFORM) programme, funded by the 
National Institute of Health Research (RP-PG-1210 to 
12005), identified ways of improving outcomes for 
patients with PJI.12 Evidence from the INFORM programme 
showed that risk factors for PJI are male sex, previous revi-
sion surgery, previous hip infection, diagnosis of rheu-
matoid arthritis, femoral bone graft during primary hip 
arthroplasty, smoking, history of steroid administration, 
obesity and significant comorbidity.13,14 Concerning diag-
nosis, qualitative research showed that patients felt their 
concerns about their joint often went unacknowledged 
and that earlier diagnosis of infection is needed.4 In rela-
tion to treatment, a discrete choice questionnaire showed 
the most valued characteristics in patient decisions about 
revision were the ability to engage in valued activities 
and a quick return to normal activity.15 Evidence synthesis 
established that early use of a more conservative debride-
ment, antibiotics and implant retention (DAIR) strategy 
may be effective in over 60% of cases if the duration of 
infection does not exceed three weeks and if done by an 
appropriate surgeon,16 and should therefore be consid-
ered the first line of treatment in this early time period.

Qualitative research and a discrete choice experiment 
showed that patients have a preference for single-stage 
revision surgery.15,17-19 When two-stage surgery was 
undertaken, patients struggled with pain and function 
without articulating spacers.20 Patients also reported a 
need for more tailored physiotherapy input and psycho-
logical and social support, and experienced problems 
tolerating antibiotics.4,20 A systematic review and survey 
showed wide variation in provision of physical rehabilita-
tion and a lack of psychological support.21,22

Evidence synthesis showed that single and two-stage 
revision appear equally efficacious, although single-
stage had better early results and is cost-effective.18,19 
National Joint Registry analysis showed that compared to 

a two-stage strategy, there is a higher rate of early re-revi-
sion after single-stage revision for hip PJI, but this equal-
ized with time.23 In the INFORM randomized controlled 
trial, 140 patients with hip PJI were randomized to single- 
or two-stage revision.24 At 18  months after randomiza-
tion, a patient-reported outcome showed no superiority 
of single-stage compared with two-stage revision for hip 
PJI. Pain, function, and stiffness were similar between 
randomized groups and there were no differences in 
reinfection or adverse events. Participants randomized to 
a single-stage procedure had a quicker recovery, lower 
costs and higher quality adjusted life years than those 
randomized to a two-stage procedure.17

At the time of writing, there are no standard UK guide-
lines for the treatment of hip PJI. Local pathways are 
often based on small local case series and observational 
studies.25 As part of a follow-on Programme Develop-
ment Grant, funded by the National Institute of Health 
Research, the aim of this study was to mobilize evidence 
from the INFORM programme by using it to develop best 
practice guidelines which can be implemented nationally.
Study design.  We worked with expert stakeholders in-
volved in the treatment of PJI, from across the UK, to 
develop best practice guidelines for hip PJI based on ev-
idence from the INFORM programme. Evidence-based 
recommendations derived from the programme were 
evaluated by a panel of 21 expert clinical stakeholders 
via an online consensus questionnaire in phase 1, and 
subsequent consensus meeting in phase 2, similar to a 
Modified Nominal Group Technique.26 The study received 
Health Research Authority approval (ref: 22/HRA/0399) 
and University of Bristol, Faculty of Health Sciences Ethics 
approval (ref: 10069).
Initial draft guideline.  The initial draft guideline was de-
veloped by study team members with expertise in or-
thopaedic surgery, evidence synthesis, health services 
research, social science, physiotherapy, and knowledge 
mobilization. Evidence from the INFORM programme 
relevant to the preoperative, perioperative and postop-
erative patient pathway were aggregated into a table by 
an evidence synthesis expert, which provided the basis 
for the initial draft guideline. On 28 January 2022, the 
draft guideline was sent to the project steering commit-
tee, which comprised three consultant orthopaedic sur-
geons, a professor of musculoskeletal therapies, and a 
senior research fellow in patient experiences in trauma 
and musculoskeletal sciences. Further refinements were 
made until a draft guideline consisting of 12 statements 
was agreed. The draft was then reviewed by the INFORM 
patient and public involvement (PPI) group, which in-
cludes five people with experience of PJI.
Sample size and recruitment.  Participants were identified 
through participation in a previous study,17 and through 
informal and professional networks. After providing in-
formed consent, participants completed the online 
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questionnaire via Online Surveys (UK). Sample size was 
guided by the need to elicit the views of expert stake-
holders in the design of guidelines, rather than statistical 
power.27

Consensus questionnaire.  The consensus questionnaire 
was designed to elicit opinions about the appropriate-
ness of each guideline draft statement (Supplementary 
material i). Participants were asked to rate each statement 
from 1 to 9 ('not appropriate' to 'very appropriate'). 
Participants were also provided with a free-text space to 
explain their rating and to make suggestions for altera-
tions or additions. All participants were assigned ID num-
bers, and personal data (names, contact details) were 
stored separately from the data. All written reports about 
the questionnaire data were anonymized, removing any 
data that may potentially be used to identify individu-
als. The questionnaire was piloted with a member of the 
research team to check functionality. The questionnaire 
opened on 9 March 2022 and closed on 6 April 2022.
Stakeholder meeting.  An expert stakeholder meeting 
was held virtually using an online video collaboration 
platform. The meeting was facilitated by the chief investi-
gator (AJM) and co-chief investigator (AWB) with research 
team members attending. Proposed changes to the draft 
statements (informed by analysis of the free-text survey re-
sponses) were discussed in the meeting and then re-rated 
by participants. As in other co-design studies, voting was 
facilitated by the use of the Mentimeter interactive poll-
ing survey app, which allows stakeholder participants to 
use smartphones to vote anonymously.28 Following the 
meeting, those that could not attend were invited to vote 
by email on any amended or new statements.
Analysis.  We used the RAND/UCLA appropriateness 
method to determine consensus scores in the question-
naire and stakeholder meeting.29 A guideline statement 
with a median score of 1 to 3 was considered as unim-
portant (good to excellent consensus over lack of impor-
tance), statements with a median score of 4 to 6 as uncer-
tain (some consensus over importance), and those with a 
score of 7 to 9 as important (good to excellent consensus 
over importance). Those guideline statements given an 
importance rating of 7 to 9 by ≥ 70% of participants were 
retained. Free-text comments were entered into a Excel 
spreadsheet (Microsoft, USA) and categorized according 
to their key content. We did not perform a full thematic 
or similar analysis on this qualitative data, instead, cate-
gorization in the form of tables enabled us to collate and 
display the information which was reviewed at a team 
meeting to decide whether amendments should be pro-
posed for each statement. For statements where consen-
sus was reached, no amendments or minor amendments 
were proposed, informed by the free-text comments. 
For statements where consensus was not reached, major 
amendments were proposed.

The results of the questionnaire and proposed changes 
were collated into a summary report and sent to partic-
ipants. Any amendments were then discussed and put 
forward for voting at the stakeholder meeting. For those 
who could not attend the meeting, a summary report of 
the meeting was sent, and they were asked to vote on any 
suggested changes by email.

Results
Overall, 21 UK-based healthcare professionals took part. 
There were no incomplete questionnaires. A total of 20 
completed the survey, made up of orthopaedic surgeons 
(n = 10), rehabilitation specialists (physiotherapists and 
occupational therapists) (n = 5), primary care specialists 
(n = 4), and a healthcare commissioner (n = 1). Health-
care professionals had a declared specialist interest in the 
management of hip PJI with orthopaedic surgeons having 
experience of treating PJI ranging from five to 24 years. 
Primary care practitioners experience in their current roles 
ranged from six to 23 years, physiotherapists and occupa-
tional therapists from ten to 26 years, and a healthcare 
commissioner had three years’ experience. Orthopaedic 
consultants included members of the British Orthopaedic 
Association and the British Hip Society.

A total of ten of the 12 guideline statements were 
endorsed as appropriate by consensus (rated 7 to 9 by ≥ 
70% of participants), and two did not reach consensus 
(rated as 7 to 9 by  < 70% of participants) (please see 
Table I).

The survey results and free-text comments were 
discussed by the research team, and minor amend-
ments were proposed to three statements which had 
reached consensus and major amendments proposed to 
the two statements which had not reached consensus. 
Following the survey, 11 participants attended the 
stakeholder meeting, including ten who completed the 
survey. During the stakeholder meeting two additional 
statements were proposed and overall consensus was 
reached on 14 statements. The final INFORM guidelines 
are presented in Table II.

The guidelines are structured to correspond with the 
stages of disease and management, and each guide-
line statement is based on evidence from the INFORM 
programme. After reviewing the final guideline, the 
project steering committee, members of the Executive 
and Committees of the British Hip Society, and the British 
Infection Society provided statements of support. The 
online version of the guideline is available in Supplemen-
tary material iii.

A full description of the voting process can be found in 
Supplementary material ii.

Discussion
This is the first study to develop consensus and 
evidence-based guidelines on the treatment of hip PJI 
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Table I. Development of the INFORM guidelines consensus survey and meeting results

Statement 
number on 
survey

Statement included in the 
consensus survey

Respondents 
who gave rating 
of 7 to 9 in 
survey, %

Modifications 
agreed as needed in 
consensus meeting

Revised/new statements 
developed during consensus 
meeting

Respondents 
who gave rating 
of 7 to 9 for 
revised/ new 
statement, %

1 Patients with postoperative 
complications such as slow wound 
healing, or unexplained pain should 
prompt high suspicion of infection.

80 None Hip arthroplasty patients with 
postoperative complications 
such as slow wound healing or 
unexplained pain should prompt 
high suspicion of infection.

N/A – no revote

2 Modifiable risk factors should be 
optimized (e.g. diabetes control).

90 None Modifiable risk factors should be 
optimised (e.g. diabetes control).

N/A – no revote

3 All patients with unexplained symptoms 
should be investigated for infection 
without delay.

60 Major modifications All patients with persistent fluid 
discharge, worsening erythema or 
worsening pain arising from the 
joint should be investigated for 
infection.

92

4 Improve education and patient and 
clinician information to enable earlier 
recognition of signs and symptoms of 
infection.

70 None Improve education and patient 
and clinician information to enable 
earlier recognition of signs and 
symptoms of infection.

N/A – no revote

5 Increase vigilance among primary and 
secondary care for patients at high risk 
of PJI. This includes optimizing an open 
door policy to allow patients to be 
referred back to the treating orthopaedic 
team promptly

95 None Increase vigilance among primary 
and secondary care for patients 
at high risk of periprosthetic joint 
infection. This includes optimising 
an open-door policy to allow 
patients to be referred back to 
the treating orthopaedic team 
promptly.

N/A – no revote

6 When infection is diagnosed with well-
fixed implants and DAIR is considered 
it should be performed promptly. This 
consists of a radical debridement with 
exchange of modular components 
where possible, and NOT a wound 
wash-out.

85 None When infection is diagnosed with 
well-fixed implants, and DAIR is 
considered, it should be performed 
promptly. This consists of a radical 
debridement with exchange of 
modular components where 
possible, and NOT a wound wash-
out.

N/A – no revote

7 Single-stage should be performed 
whenever surgeons believe it is feasible, 
and within the bounds of a well-
established dialogue with the patient, 
characterized by a plain language 
explanation of treatment options, 
with adequate time for the patient’s 
questions to be answered.

85 None Single-stage revision should be 
performed whenever surgeons 
believe it is feasible, and within 
the bounds of a well-established 
dialogue with the patient, 
characterized by a plain language 
explanation of treatment options, 
with adequate time for the patient’s 
questions to be answered.

N/A – no revote

8 Surgeons should consider the use 
of standard components fixed with 
antibiotic loaded bone cement as an 
articulating spacer.

70 None Surgeons should consider the use 
of standard components fixed with 
antibiotic loaded bone cement as 
an articulating spacer.

N/A – no revote

9 Patients need appropriate levels 
of specialist physiotherapy and 
rehabilitation as determined through 
assessment from early on in their 
journey.

89 Minor modifications Patients need appropriate levels of 
patient-centred rehabilitation as 
determined through assessment 
from early on in their journey.

86

10 Psychological and social support should 
be offered to all patients with infection 
from the point of diagnosis onwards to 
long-term recovery.

84 Minor modifications Patients with infection should 
be asked about their need for 
psychological and social support 
and this offered from the point of 
diagnosis onwards to long-term 
recovery.

93

11 Physical aids such as wheelchairs should 
be provided.

84 Minor modifications Patients should be assessed and 
provided with appropriate aids 
and equipment to support their 
recovery and rehabilitation.

100

Continued
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which considers the view of orthopaedic surgeons, rehabilitation specialists, primary care experts, and health 

Statement 
number on 
survey

Statement included in the 
consensus survey

Respondents 
who gave rating 
of 7 to 9 in 
survey, %

Modifications 
agreed as needed in 
consensus meeting

Revised/new statements 
developed during consensus 
meeting

Respondents 
who gave rating 
of 7 to 9 for 
revised/ new 
statement, %

12 Patients need to have antibiotics 
reviewed often by microbiologists until 
patients have a regime that is effective 
with tolerable side-effects.

68 Major modifications Patients should remain under 
the care of an infection 
multidisciplinary team while on 
antibiotics and monitored for side-
effects and tolerance.

77

13 N/A – developed as new statement 
during the meeting

Any patient within the first 
four weeks of primary joint 
arthroplasty, with increasing 
discharge or reduction in function 
or worsening erythema should 
prompt discussion with a specialist 
orthopaedic colleague within 
48 hours.

100

14 N/A – developed as new statement 
during the meeting

A patient with a previously well 
performing hip arthroplasty, who 
develops symptoms consistent with 
infection (such as fluid discharge, 
new or worsening erythema and 
new or worsening pain) which 
persist for more than 48 hours, 
should prompt discussion with 
an arthroplasty specialist within 
72 hours from presentation.

100

DAIR, debridement, antibiotics, and implant retention; N/A, not applicable.

Table I.  Continued

Table II. The INFORM guidelines for the management of hip periprosthetic joint infection.

INCREASED VIGILANCE AND MONITORING: Evidence shows those at increased risk are males, people with previous revision surgery, previouship infection, hip 
arthroplasty for rheumatoid arthritis, or femoral bone graft during primary hip arthroplasty, smokers, people witha history of steroid administration or BMI ≥ 30 kg/m², and 
those with significant comorbidity (including liver disease,diabetes, chronic pulmonary disease, heart failure, and depression).13,14

1 Hip arthroplasty patients with postoperative complications such as slow wound healing or unexplained pain should prompt high suspicion of infection.

2 Modifiable risk factors should be optimised (e.g. diabetes control).

DIAGNOSIS: Evidence shows that patients feel their concerns are often unacknowledged and an earlier diagnosis of infection is needed.4

3 All patients with persistent fluid discharge, worsening erythema or worsening pain arising from the joint should be investigated for infection.

4 Any patient within the first four weeks of primary joint arthroplasty, with increasing discharge or reduction in function or worsening erythema should 
prompt discussion with a specialist orthopaedic colleague within 48 hours.

5 A patient with a previously well performing hip arthroplasty, who develops symptoms consistent with infection (such as fluid discharge, new or worsening 
erythema and new or worsening pain) which persist for more than 48 hours, should prompt discussion with an arthroplasty specialist within 72 hours 
from presentation.

6 Improve education and patient and clinician information to enable earlier recognition of signs and symptoms of infection.

7 Increase vigilance among primary and secondary care for patients at high risk of periprosthetic joint infection. This includes optimising an open-door 
policy to allow patients to be referred back to the treating orthopaedic team promptly.

TREATMENT:
Debridement, antibiotics, and implant retention (DAIR)
Evidence shows that DAIR works well if done early with thorough debridement by an appropriate surgeon.16

8 When infection is diagnosed with well-fixed implants, and DAIR is considered, it should be performed promptly. This consists of a radical debridement with 
exchange of modular components where possible, and NOT a wound wash-out.

REVISION: Evidence shows that patients have a preference for single-stage surgery which is equally efficacious to two-stage surgery and patients have earlier recovery 15,17-19,24

9 Single stage revision should be performed whenever surgeons believe it is feasible, and within the bounds of a well-established dialogue with the patient, 
characterised by a plain language explanation of treatment options, with adequate time for the patient’s questions to be answered.

10 Surgeons should consider the use of standard components fixed with antibiotic loaded bone cement as an articulating spacer.

POSTOPERATIVE MANAGEMENT: Evidence shows that when surgery is undertaken, patients struggle with function and report a need for tailored physiotherapy input.4,20

11 Patients need appropriate levels of patient-centred rehabilitation as determined through assessment from early on in their journey.

12 Patients with infection should be asked about their need for psychological and social support and this offered from the point of diagnosis onwards to long-
term recovery.

13 Patients should be assessed and provided with appropriate aids and equipment to support their recovery and rehabilitation.

14 Patients should remain under the care of an infection multidisciplinary team while on antibiotics and monitored for side-effects and tolerance.
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commissioners. The guideline statements are based on 
high-quality evidence from the INFORM programme. 
PJI presents as a multifaceted and highly detrimental 
outcome, and the guidelines address each stage from 
prevention to postoperative management, and are 
relevant to primary, secondary, and tertiary care. The 
strength of these guidelines is the robust evidence base 
used to inform them, and the collaborative and inclusive 
approach to agreeing the prioritization of the evidence to 
inform best practice.

The primary sections of the guideline address the 
need for increased vigilance and monitoring of those at 
increased risk of infection, and the need to reduce modi-
fiable risk factors where possible. The guidelines on diag-
nosis of PJI address the warning signs of early and late 
infections and the need for prompt action, including 
recommended timelines in which this should happen. 
Improving education and patient and clinician informa-
tion should enable earlier recognition of infection, and 
increased vigilance among primary and secondary care 
for patients at higher risk of infection, including an open-
door policy to expediate referral back to the treating 
orthopaedic team. Treatment includes recommended 
early use of DAIR, and, where possible, single-stage revi-
sion, with standard components fixed with antibiotic-
loaded cement as an articulating spacer. Postoperative 
management addresses the need for patient-centred 
physical rehabilitation from early in the patient’s journey, 
with psychological and social support offered from point 
of diagnosis onwards to longer-term recovery. It is also 
recommended that patients on antibiotics remain in the 
care of an infection multidisciplinary team.

While surgical strategies have evolved and recent 
shifts in practice are already aligned with many of these 
guidelines,30,31 psychological support is increasingly seen 
to be crucial for PJI patients and may stand out as the 
most challenging to address. Evidence from the INFORM 
programme described the psychological impact on 
patients and their unmet needs,4,21,22,32 but more recent 
studies have also identified this gap in provision and the 
need for more research in this area.33–39 The provision of 
appropriate levels of patient-centred physical and psycho-
logical rehabilitation is likely to require further resourcing 
to optimize these outcomes, and evidence-based guide-
lines strengthen the rationale for these resources being 
made available.

A limitation to the study is that the guideline was 
formulated on the evidence base from the INFORM 
programme, which, while comprehensive, had limita-
tions. For example, although extensive efforts were made 
to ensure wide sampling and generalizability in the 
research studies in INFORM, we may not have reached 
underserved communities. Also, the research focuses on 
those that have experienced a complication predicated 

on receiving the primary intervention, which may 
exclude some patients.

These guidelines can be used as the basis to update 
local treatment pathways and protocols. While evidence-
based guidelines do not necessarily translate into consis-
tent change, recent studies have shown that the strength 
of evidence underpinning guidelines, dissemination 
with surgeon education and collaboration, and rein-
forcing feedback are most effective in achieving sustain-
able change.40 To ensure that the guidelines can be 
effectively implemented, we have developed a learning 
collaborative, consisting of orthopaedic surgeons and 
healthcare professionals from orthopaedic centres across 
the UK, to implement the INFORM guidelines. Learning 
collaboratives have previously been used successfully in 
diabetes,41 HIV,42 childhood asthma,43 and rheumatoid 
arthritis.44 They provide a way to achieve sustainable 
change within a healthcare area, by engaging collabo-
rators and agreeing on best evidence-based practices 
and then sharing learning and experiences of imple-
menting changes across centres. The implementation of 
these guidelines has the potential to improve treatment 
pathways and care for periprosthetic hip joint infection 
nationally.

‍ ‍Take home message
  - The implementation of these best practice guidelines has 

the potential to improve treatment pathways and care for 
prosthetic hip joint infection nationally.

  - The strength of these guidelines is the robust evidence base used to 
inform them, and the collaborative and inclusive approach to agreeing 
the prioritization of the evidence to inform best practice.

Twitter
Follow the INFORM guidelines @INFORM_EP

Supplementary material
‍ ‍The INFORM guideline consensus questionnaire, 

description of the voting process, and the INFORM 
guidelines for the management of hip peripros-

thetic joint infection.
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