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Appendix Supplement 1. PRISMA-IPD Checklist  

 
PRISMA-IPD 
Section/topic 

Item 
No 

Checklist item 
 

Reported on 
page 

Title 

Title 1 Identify the report as a systematic review and meta-analysis of individual participant data. 1 

Abstract 

Structured 
summary 

2 Provide a structured summary including as applicable: 3 

Background: state research question and main objectives, with information on participants, interventions, comparators and 
outcomes. 

Methods: report eligibility criteria; data sources including dates of last bibliographic search or elicitation, noting that IPD were 
sought; methods of assessing risk of bias. 

Results: provide number and type of studies and participants identified and number (%) obtained; summary effect estimates for 
main outcomes (benefits and harms) with confidence intervals and measures of statistical heterogeneity. Describe the direction 
and size of summary effects in terms meaningful to those who would put findings into practice. 

Discussion: state main strengths and limitations of the evidence, general interpretation of the results and any important 
implications. 

Other: report primary funding source, registration number and registry name for the systematic review and IPD meta-analysis. 

Introduction 

Rationale 3 Describe the rationale for the review in the context of what is already known. 4-5 

Objectives 4 Provide an explicit statement of the questions being addressed with reference, as applicable, to participants, interventions, 
comparisons, outcomes and study design (PICOS). Include any hypotheses that relate to particular types of participant-level 
subgroups.  

5 

Methods 

Protocol and 
registration 

5 Indicate if a protocol exists and where it can be accessed.  If available, provide registration information including registration 
number and registry name. Provide publication details, if applicable. 

5 

Eligibility criteria 6 Specify inclusion and exclusion criteria including those relating to participants, interventions, comparisons, outcomes, study 
design and characteristics (e.g. years when conducted, required minimum follow-up). Note whether these were applied at the 
study or individual level i.e. whether eligible participants were included (and ineligible participants excluded) from a study that 
included a wider population than specified by the review inclusion criteria. The rationale for criteria should be stated. 

6 

Identifying 
studies - 
information 
sources  

7 

 

Describe all methods of identifying published and unpublished studies including, as applicable: which bibliographic databases 
were searched with dates of coverage; details of any hand searching including of conference proceedings; use of study registers 
and agency or company databases; contact with the original research team and experts in the field; open adverts and surveys. 
Give the date of last search or elicitation.  

6 



 

 

Identifying 
studies - search 

8 Present the full electronic search strategy for at least one database, including any limits used, such that it could be repeated.  Appendix 

Supplement 2 

Study selection 
processes 

9 State the process for determining which studies were eligible for inclusion.  6 

Data collection 
processes 

10 

 

 

Describe how IPD were requested, collected and managed, including any processes for querying and confirming data with 
investigators.  If IPD were not sought from any eligible study, the reason for this should be stated (for each such study). 

6 

If applicable, describe how any studies for which IPD were not available were dealt with. This should include whether, how and 
what aggregate data were sought or extracted from study reports and publications (such as extracting data independently in 
duplicate) and any processes for obtaining and confirming these data with investigators. 

Data items 11 Describe how the information and variables to be collected were chosen. List and define all study level and participant level data 
that were sought, including baseline and follow-up information. If applicable, describe methods of standardising or translating 
variables within the IPD datasets to ensure common scales or measurements across studies. 

Appendix 

Supplement 3 

IPD integrity A1 Describe what aspects of IPD were subject to data checking (such as sequence generation, data consistency and completeness, 
baseline imbalance) and how this was done. 

6 

Risk of bias 
assessment in 
individual 
studies. 

12 Describe methods used to assess risk of bias in the individual studies and whether this was applied separately for each outcome.  
If applicable, describe how findings of IPD checking were used to inform the assessment. Report if and how risk of bias 
assessment was used in any data synthesis.   

7 

Specification of 
outcomes and 
effect measures 

13 

 

State all treatment comparisons of interests. State all outcomes addressed and define them in detail. State whether they were 
pre-specified for the review and, if applicable, whether they were primary/main or secondary/additional outcomes. Give the 
principal measures of effect (such as risk ratio, hazard ratio, difference in means) used for each outcome. 

6-7 

Synthesis 
methods  

14 
 

Describe the meta-analysis methods used to synthesise IPD. Specify any statistical methods and models used. Issues should 
include (but are not restricted to): 

• Use of a one-stage or two-stage approach. 

• How effect estimates were generated separately within each study and combined across studies (where applicable). 

• Specification of one-stage models (where applicable) including how clustering of patients within studies was accounted for. 

• Use of fixed or random effects models and any other model assumptions, such as proportional hazards. 

• How (summary) survival curves were generated (where applicable). 

• Methods for quantifying statistical heterogeneity (such as I2 and 2).  

• How studies providing IPD and not providing IPD were analysed together (where applicable). 

 

7 



 

 

• How missing data within the IPD were dealt with (where applicable). 

Exploration of 
variation in 
effects 

A2 If applicable, describe any methods used to explore variation in effects by study or participant level characteristics (such as 
estimation of interactions between effect and covariates). State all participant-level characteristics that were analysed as 
potential effect modifiers, and whether these were pre-specified. 

7 

Risk of bias 
across studies 

15 

 

Specify any assessment of risk of bias relating to the accumulated body of evidence, including any pertaining to not obtaining IPD 
for particular studies, outcomes or other variables. 

7 

Additional 
analyses  

16 Describe methods of any additional analyses, including sensitivity analyses. State which of these were pre-specified. 7 

Results 

Study selection 
and IPD 
obtained 

17 

 

Give numbers of studies screened, assessed for eligibility, and included in the systematic review with reasons for exclusions at 
each stage. Indicate the number of studies and participants for which IPD were sought and for which IPD were obtained. For 
those studies where IPD were not available, give the numbers of studies and participants for which aggregate data were 
available. Report reasons for non-availability of IPD. Include a flow diagram. 

8 

Study 
characteristics 

18 
 

For each study, present information on key study and participant characteristics (such as description of interventions, numbers of 
participants, demographic data, unavailability of outcomes, funding source, and if applicable duration of follow-up). Provide 
(main) citations for each study. Where applicable, also report similar study characteristics for any studies not providing IPD. 

Appendix 

Supplements 4 

and 6; Table 1 

IPD integrity A3 Report any important issues identified in checking IPD or state that there were none. None 

Risk of bias 
within studies 

19 Present data on risk of bias assessments. If applicable, describe whether data checking led to the up-weighting or down-
weighting of these assessments. Consider how any potential bias impacts on the robustness of meta-analysis conclusions.  

Not applicable 

Results of 
individual 
studies 

20 For each comparison and for each main outcome (benefit or harm), for each individual study report the number of eligible 
participants for which data were obtained and show simple summary data for each intervention group (including, where 
applicable, the number of events), effect estimates and confidence intervals. These may be tabulated or included on a forest plot.   

Not applicable 

Results of 
syntheses 

21 

 

Present summary effects for each meta-analysis undertaken, including confidence intervals and measures of statistical 
heterogeneity. State whether the analysis was pre-specified, and report the numbers of studies and participants and, where 
applicable, the number of events on which it is based.  

9; Table 2 

When exploring variation in effects due to patient or study characteristics, present summary interaction estimates for each 
characteristic examined, including confidence intervals and measures of statistical heterogeneity. State whether the analysis was 
pre-specified. State whether any interaction is consistent across trials.  

Provide a description of the direction and size of effect in terms meaningful to those who would put findings into practice. 

Risk of bias 
across studies 

22 
 

Present results of any assessment of risk of bias relating to the accumulated body of evidence, including any pertaining to the 
availability and representativeness of available studies, outcomes or other variables. 

Not applicable 



 

 

Additional 
analyses 

23 

 

Give results of any additional analyses (e.g. sensitivity analyses). If applicable, this should also include any analyses that 
incorporate aggregate data for studies that do not have IPD. If applicable, summarise the main meta-analysis results following the 
inclusion or exclusion of studies for which IPD were not available. 

Figure 5 

Discussion 

Summary of 
evidence 

24 Summarise the main findings, including the strength of evidence for each main outcome. 11-12 

Strengths and 
limitations 

25 Discuss any important strengths and limitations of the evidence including the benefits of access to IPD and any limitations arising 
from IPD that were not available. 

15-16 

Conclusions 26 Provide a general interpretation of the findings in the context of other evidence. 12-15 

Implications A4 Consider relevance to key groups (such as policy makers, service providers and service users). Consider implications for future 
research. 

13-15 

Funding 

Funding 27 Describe sources of funding and other support (such as supply of IPD), and the role in the systematic review of those providing 
such support. 

19 

 



 

 

 
Appendix Supplement 2. Literature search strategy 

Relevant studies, published from March, 2011 (date of our last search for the previous review) to August, 2016 

(date last searched), were identified through electronic searches not limited to the English language using 

MEDLINE, EMBASE, Web of Science, and Cochrane databases. Electronic searches were supplemented by 

scanning reference lists of articles identified for all relevant studies (including review articles), by hand searching 

of relevant journals and by correspondence with study investigators. The computer-based searches combined 

search terms related to hip replacement, infection, and revision with focus on one- and two stage surgeries without 

language restriction. 

 

1     exp Prosthesis-Related Infections/ or prosthesis-related infection*.mp. or exp Sepsis/ (101971) 

2     exp Infection/ or exp Wound Infection/ or exp Surgical Wound Infection/ or infection*.mp. (1603015) 

3     wound infection.mp. or exp Wound Infection/ (44687) 

4     arthroplasty.mp. or exp Arthroplasty, Replacement/ or exp Arthroplasty/ or exp Arthroplasty, Replacement, 

Hip/ (52003) 

5     exp Arthroplasty, Replacement, Hip/ or exp Arthroplasty, Replacement/ or Replacement.mp. (204405) 

6     exp Hip/ or exp Arthroplasty, Replacement, Hip/ or hip.mp. (107123) 

7     exp Hip Prosthesis/ or exp Arthroplasty, Replacement, Hip/ or hip replacement.mp. (31655) 

8     exp Hip Prosthesis/ or total hip.mp. or exp Arthroplasty, Replacement, Hip/ (34732) 

9     hip arthroplasty.mp. (12045) 

10     total hip replacement.mp. or exp Arthroplasty, Replacement, Hip/ (20706) 

11     exp Arthroplasty, Replacement, Hip/ or total hip arthroplasty.mp. (20637) 

12     exp Arthroplasty, Replacement, Hip/ or exp Hip Prosthesis/ or hip prosthes*.mp. (30397) 

13     1-stage.mp. (1576) 

14     2-stage.mp. (2828) 

15     one stage.mp. (8705) 

16     two stage.mp. (15977) 

17     one-stage.mp. (8705) 

18     two-stage.mp. (15977) 

19     single stage.mp. (4349) 

20     single-stage.mp. (4349) 

21     prosthesis exchange.mp. (15) 

22     direct exchange.mp. (153) 

23     direct-exchange.mp. (153) 

24     Arthroplasty, Replacement, Hip/ or revision arthroplasty.mp. (18017) 

25     exp Arthroplasty, Replacement, Hip/ or staged revision.mp. (17490) 

26     reoperation.mp. or exp Reoperation/ (77278) 

27     reimplantation.mp. or exp Replantation/ (10449) 

28     1 or 2 or 3 (1606087) 

29     4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 (295528) 

30     13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 (129343) 

31     28 and 29 and 30 (5795) 

32     limit 31 to yr="2011 -Current" (1602) 

Each part was specifically translated for searching the other databases (EMBASE, Web of Science, and Cochrane 

databases) 



 

 

Appendix Supplement 3. Study variables requested from investigators 

 

Broad classification Variables 

Socio-demographic 

characteristics 

Country in which study was carried out, age, sex, body mass index or (weight and 

height), and smoking status 

Past medical/surgical history Previous hip surgery, other joint surgery, and co-morbidities (e.g., history of diabetes), 

Charnley classification, Charlson index, ASA grade 

Infection characteristics 

before revision surgery 

Duration between index implantation and occurrence/diagnosis of infection, duration 

between diagnosis of infection and revision surgery 

Baseline laboratory data for 

infection 

CRP, ESR, leucocytes, causative organism, neutrophil count, white cell count, 

synovial fluid white cell count, IL-6 

Characteristics of surgical 

revision 

Date of revision, type of re-implantation, type of fixation (cemented or uncemented), 

use of spacer, type of spacer (static or articulating), use of antibiotics in cement or 

spacer, time interval between stages for two-stage procedure, diagnosis of re-infection, 

date of diagnosis of re-infection or date of last follow-up for participants without re-

infection, time to re-infection or last date of follow-up (days or years), antibiotics used, 

and duration of antibiotics 

Intervention One-stage or two-stage revision 

Outcomes Re-infection (primary outcome); pain, function, mobility, re-revision surgery, or death 

as secondary outcomes 

 

ASA, American Society of Anaesthesiologists; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL-

6, intereleukin-6 

 



 

 

     Appendix Supplement 4. Characteristics of studies contributing data to the pooled analysis 

Lead Author, Publication Date 

 

 

 

Location 

 

Year of study 

 

 

Median (IQR) age 

(years) 

 

 

Median (IQR) 

follow-up 

(years) 

 

 

 

 

No. of re-infections 

 

 

No. of participants 

One-stage       

Hughes, 1979 USA 1971-1975 68 (58-71) 3.8 (23.4-5.3) 1 14 

Cherney, 1983 USA 1971-1978 70 (68-74) 5.5 (4.0-6.6) 0 4 

Goodman, 1988 USA 1971-1982 73 (66-80) 3.5 (2.7-4.2) 0 2 

Raut, 1996 UK 1979-1990 61 (57-75) 8.2 (5.7-10.3) 1 15 

Rudelli, 2008 Brazil 1989-2000 65 (51-71) 14.0 (10.0-16.0) 2 32 

Ure, 1998 USA 1979-1990 63 (56-68) 10.1 (6.7-13.0) 0 20 

Wu, 2003 Taiwan NS 37 (27-54) 3.2 (2.8-3.8) 1 13 

Garcia, 2005 Spain NS 76 (70-80) 0.3 (0.2-0.3) 0 14 

Yoo, 2009 South Korea 1991-2005 49 (38-65) 7.0 (4.9-9.7) 1 12 

Jenny, 2014 France 2007-2010 77 (63-84) 3.0 (1.1-4.6) 11 65 

Zeller, 2014 France 2002-2010 71 (60-78) 3.2 (2.2-5.5) 8 157 

Bori, 2014 Spain 1998-2007 75 (69-78) 3.4 (2.4-5.0) 1 24 

Board, 2016* UK 1980-2015 68 (61-75) 4.7 (1.8-9.5) 62 512 

Two-stage       

Hughes, 1979 USA 1971-1975 60 (52-68) 3.8 (2.8-4.1) 4 12 

Cherney, 1983 USA 1971-1978 57 (49-64) 4.0 (3.1-5.2) 10 29 

Goodman, 1988 USA 1971-1982 68 (43-71) 4.6 (3.2-6.5) 1 7 

Wilson, 1989 USA NS 54 (43-73) 3.0 (3.0-4.0) 0 19 

Antti-Poika, 1989 Finland 1976-1985 58 (51-68) 4.9 (2.8-8.3) 6 36 

Berry, 1991 USA NS 54 (41-64) 2.6 (2.5-4.1) 3 18 

Alexeeff, 1996 Canada 1983-1993 70 (58-77) 3.3 (2.3-5.6) 0 11 

Fehring, 1999 USA NS NS 
2.3 (2.0-3.9) 

2 25 



 

 

Lead Author, Publication Date 

 

 

 

Location 

 

Year of study 

 

 

Median (IQR) age 

(years) 

 

 

Median (IQR) 

follow-up 

(years) 

 

 

 

 

No. of re-infections 

 

 

No. of participants 

Wagner, 1995 Germany 1991-1993 71 (55-81) 2.0 (2.0-2.0) 9 34 

Weber, 2000 Switzerland 1990-1994 72 (67-73) 4.2 (3.1-5.0) 0 14 

Magnan, 2001 Italy 1996-1999 74 (66-76) 2.0 (2.0-2.0) 2 10 

Yamamoto, 2003 Japan 1998-2002 65 (62-70) 3.8 (1.5-4.5) 0 17 

Takahira, 2003 Japan 1996-2000 67 (65-71) 3.7 (1.8-4.1) 1 9 

Piriou, 2003 France 1987-1997 64 (51-70) 3.0 (2.0-7.2) 3 30 

Durbhakula, 2004 USA 1998-2001 70 (63-81) 2.0 (2.0-2.0) 0 20 

Evans, 2004 USA 1995-2002 69 (60-75) 2.0 (2.0-2.0) 11 46 

Sudo, 2008 Japan 1998-2000 65 (55-74) 2.0 (2.0-2.0) 0 7 

Cordero-Ampuero, 2009 Spain 1997-2007 69 (57-78) 8.4 (5.0-9.9) 0 19 

Whittaker, 2009 UK 1998-2003 68 (64-73) 4.0 (3.0-5.1) 7 44 

Dairaku, 2009 Japan 2002 64 (60-66) 2.0 (2.0-2.0) 1 10 

Darley, 2009 UK 2006-2007 63 (54-76) 2.0 (2.0-2.0) 1 19 

Estes, 2010 USA 2002 64 (59-72) 5.2 (2.4-7.1) 0 4 

Anagnostakos, 2010 Germany 1999-2008 69 (64-75) 
4.3 (2.0-4.9) 

1 13 

Takigami, 2010 Japan 1999-2006 66 (57-73) 3.7 (2.4-5.7) 0 8 

Cabo, 2011 Spain 2004-2009 68 (63-78) 2.5 (2.0-6.3) 6 19 

Sorli, 2012 Spain 2007-2008 74 (66-80) 5.1 (2.4-7.2) 6 14 

Huang, 2012 USA 2000-2007 63 (56-75) 3.2 (2.0-5.5) 13 48 

Schwarzkopf, 2014 USA 2001-2011 64 (54-77) 1.4 (0.6-3.3) 9 64 

Chen, 2015 Taiwan 2001-2010 58 (47-69) 
7.8 (4.9-10.3) 

10 150 

Board, 2016* UK 1983-2015 68 (60-74) 3.5 (1.7-7.0) 11 106 

Masri, 2016* Canada 1997-2001 66 (57-74) 3.3 (2.0-4.7) 17 110 

*, unpublished data; NS, not stated. 



 

 

Appendix Supplement 5. Classification of infecting organisms based on difficulty in treating 

 

 

Difficult to treat 

Fungi 

Small colony variants 

Pseudomonas, quinolone-resistant pseudomonas 

Enterococcus species 

Antibiotic resistant subspecies of staphylococci 

Vancomycin resistant enterococci/staphylococci 

Chinolon resistant enterococci 

Methicillin resistant Staphylococcus aureus 

Rifampicin-resistant staphylococci 

Extended-spectrum beta-lactamases 

other multi-drug resistant micro-organisms 

 

Not difficult to treat 

Others 

Adapted from Wimmer MD, Randau TM, Friedrich MJ, et al. Outcome Predictors in Prosthetic 

Joint Infections--Validation of a risk stratification score for Prosthetic Joint Infections in 120 

cases. Acta Orthop Belg. 2016;82(1):143-148 and Zimmerli W, Trampuz A, Ochsner PE. 

Prosthetic-joint infections. N Engl J Med. 2004;351(16):1645-1654 

 



 

 

Appendix Supplement 6. Main references of studies contributing data to the pooled analysis 
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