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Six-week antibiotic therapy after one-stage replacement arthroplasty for hip and knee periprosthetic joint infection
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Introduction

Periprosthetic joint infection (PJI) is one of the most serious complications of prosthetic joint implantations with significant morbidity and mortality [START_REF] Zimmerli | Prosthetic joint infections[END_REF][START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Bratzel | The surgical infection prevention and surgical care improvement projects: national initiatives to improve outcomes for patients having surgery[END_REF]. Diagnostic and therapeutic management of PJI is demanding and expensive. Treatment is based on surgery and appropriate antimicrobial therapy.

No published randomized controlled clinical trial is available to address the selection of an optimal surgical approach, which is currently debated [START_REF] Ilchmann | One-stage revision of infected hip arthroplasty: outcome of 39 consecutive hips[END_REF][START_REF] Qasim | The DAIR (debridement, antibiotics and implant retention) procedure for infected total knee replacement -a literature review[END_REF][START_REF] Lange | Chronic infection in hip arthroplasties: comparing risk of reinfection following one-stage and two-stage revision: a systematic review and meta-analysis[END_REF]. IDSA guidelines and many experts agree to reserve debridement, antibiotics, and implant retention (DAIR) to early or acute hematogenous infections of well-fixed implants. All other cases are treated with oneor two-stage replacement arthroplasty (RA) [START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Youssef | Philadelphia 2013: international Consensus Meeting on Periprosthetic Joint Infection[END_REF][START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF]. Two-stage RA, involving removal of the prosthesis, administration of local and systemic antibiotics and reimplantation after eradication of the infection, is considered the gold standard in the management of PJI with rates of success over 90%. However, this strategy requires at least two major surgical interventions and is associated with prolonged periods of hospitalization, lengthy functional impairment, and high health service costs [START_REF] Jiranek | Surgical treatment of prosthetic joint infections of the hip and knee: changing paradigms[END_REF].

Most European centers reported similar results with one-stage RA or two-stage RA for hip and knee PJIs. Careful patient selection and compliance with specific surgical procedures lead to satisfactory results with similar cure rate than two-stage RA (85-92%) [START_REF] Jiranek | Surgical treatment of prosthetic joint infections of the hip and knee: changing paradigms[END_REF][START_REF] Nguyen | One-stage exchange arthroplasty for periprosthetic hip and knee joint infections[END_REF][START_REF] Zeller | One-stage exchange arthroplasty for chronic periprosthetic hip Infection: results of a large prospective cohort study[END_REF][START_REF] Callaghan | One-stage revision surgery of the infected hip. A minimum 10-year follow up study[END_REF][START_REF] Kendoff | Surgical management of periprostetic joint infection: one-stage exchange[END_REF][START_REF] Buchholz | Management of deep infection of total hip replacement[END_REF][START_REF] Zahar | One-Stage revision for infected total hip arthroplasty[END_REF].

The rate of reinfection is supposed to be similar for both strategies [START_REF] Kendoff | Surgical management of periprostetic joint infection: one-stage exchange[END_REF][START_REF] Kunutsor | Re-infection outcomes following one-and two-stage surgical revision of infected hip prosthesis: A systematic review and metanalysis[END_REF][START_REF] George | Does cemented or cementless singlestage exchange arthroplasty of chronic periprosthetic hip infections provide similar infection rates to a two-stage? A systematic review[END_REF]. Some experts do not advise one-stage exchange in patients with poor periprosthetic tissue, with infections caused by "difficult-to-treat" microorganisms (multidrug-resistant bacteria and fungi), or with negative cultures [START_REF] Zimmerli | Prosthetic joint infections[END_REF][START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Bratzel | The surgical infection prevention and surgical care improvement projects: national initiatives to improve outcomes for patients having surgery[END_REF][START_REF] Ilchmann | One-stage revision of infected hip arthroplasty: outcome of 39 consecutive hips[END_REF][START_REF] Qasim | The DAIR (debridement, antibiotics and implant retention) procedure for infected total knee replacement -a literature review[END_REF][START_REF] Lange | Chronic infection in hip arthroplasties: comparing risk of reinfection following one-stage and two-stage revision: a systematic review and meta-analysis[END_REF][START_REF] Youssef | Philadelphia 2013: international Consensus Meeting on Periprosthetic Joint Infection[END_REF]. Evidence also suggests that resistant pathogens and polymicrobial infections are not considered contraindications to one-stage procedures [START_REF] Jiranek | Surgical treatment of prosthetic joint infections of the hip and knee: changing paradigms[END_REF][START_REF] Nguyen | One-stage exchange arthroplasty for periprosthetic hip and knee joint infections[END_REF][START_REF] Zeller | One-stage exchange arthroplasty for chronic periprosthetic hip Infection: results of a large prospective cohort study[END_REF].

As for the antimicrobial therapy duration, experts recommend 4-12 weeks of pathogenspecific antimicrobials after removal of prosthesis in two-stage exchange [START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF]. Recent data showed satisfactory results with a six-week antibiotic treatment after two-stage RA, while the experience is very limited after one-stage RA [START_REF] Kunutsor | Re-infection outcomes following one-and two-stage surgical revision of infected hip prosthesis: A systematic review and metanalysis[END_REF][START_REF] Kunutsor | Re-infection Outcomes following One-And Two-stage surgical revision of Infected Knee Prosthesis: A systematic review and Metanalysis[END_REF][START_REF] Høiby | ESCMID guideline for the diagnosis and treatment of biofilm infection[END_REF][START_REF] Bernard | Six weeks of antibiotic treatment is sufficient following surgery for septic arthroplasty[END_REF]. The antibiotic treatment duration after one-stage RA is not well established and remains unclear [START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF][START_REF] Jiranek | Surgical treatment of prosthetic joint infections of the hip and knee: changing paradigms[END_REF]. Several reports suggested 12 weeks of antibiotics with or without antibiotic-loaded cement [1-2, 9, 11].

International guidelines and major experts [START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Youssef | Philadelphia 2013: international Consensus Meeting on Periprosthetic Joint Infection[END_REF][START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF][START_REF] Bernard | Durée de Traitement des Infections sur Prothèses Ostéo-Articulaires (DATIPO) : étude randomisée 6 versus 12 semaines (DATIPO)[END_REF] still disagree on the antibiotic treatment duration. Consequently, prolonged antibiotic therapies are often prescribed as a result of experts' recommendations. The aim of our study was to evaluate the effectiveness of a six-week antibiotic treatment for hip and knee PJIs after one-stage RA.

Materials and methods

Study design

We performed a retrospective, observational, cohort study at the Orthopedic Department of Cochin Hospital, a reference center for complex bone and joint infections, between January 1, 2010 and December 31, 2015. We analyzed all consecutive patients with PJI treated with one-stage RA. Data was collected after careful analysis of clinical records and reports of outpatient consultations.

Treatment of patients was discussed in weekly multidisciplinary meetings attended by orthopedic surgeons, anesthesiologists, medical microbiologists, and infectious disease physicians. Major decisions were taken during these meetings such as the type of surgery and whether one-or two-stage surgery should be performed, antimicrobial prophylaxis and therapy. All procedures complied with ethical standards.

Inclusion criteria

Inclusion criteria were: (1) age above 18 years at the time of infection; (2) clinical and microbiological diagnosis of hip or knee PJI; (3) surgical treatment with one-stage replacement arthroplasty; (4) total duration of antimicrobial therapy of six weeks (±1 week).

Culture-negative infections were not considered in this study.

Definitions

PJIs were classified based on time of onset from last implantation as: early (<3 months), delayed (>3-24 months), late (>24 months) [START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF]. At least three to six bone perioperative biopsies were taken for culture and histology to confirm the clinical and microbiological diagnoses [START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF]. Perioperative microbiological samples were collected including synovial fluid, debridement bone biopsies, and blood cultures. Gram staining and direct examination were performed for all specimens.

Bacteriological isolation and antibiotic susceptibility testing

Perioperative samples were homogenized before inoculation on two sets of chocolate agar (bioMérieux, France). Media were incubated under aerobic or anaerobic conditions at 35°C. One agar set was observed up to 48 hours of incubation, the second set after 7 days. A Schaedler enrichment broth (bioMérieux, France) was also inoculated and examined daily up to 14 days. Bacterial isolates were identified using matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF, Bruker Daltonics, Germany).

Antibiotic susceptibility testing was performed by disc diffusion method as per EUCAST guidelines.

Treatment strategy

One-stage RA was performed in all patients, including removal of foreign materials, debridement and re-implantation of a new prosthesis during the same procedure. In our center, one-stage exchange was the preferred surgical option in chronic and in acute complicated PJIs (presence of sinus tract, persistence or recurrence of infection after DAIR).

The main criteria that led to the selection of one-stage exchange were: 1) minor bone loss;

2) preoperative bacterial isolation (synovial fluid, surgical specimens); 3) presence of sinus tract in early infections or prior failure of DAIR; 4) high surgical risk.

Total synovectomy was performed in almost every case. The operative site was generously rinsed with antiseptic (chlorhexidine 0.5%) and saline solutions, which were also used to clean the wound. Before reimplantation of the prosthesis, gloves and instruments were changed and the skin around the wound was newly disinfected. Prosthesis replacement was often performed using stems which were fixed to the medullar cavity using cements containing gentamicin (Palacos®, Aminofix®, CMW1®).

An intravenous empirical antibiotic therapy was started perioperatively, as soon as clinical samples had been obtained. To cover methicillin-resistant staphylococci, the first-line empirical treatment combined two antibiotics, including at least one active against staphylococcal spp. The second drug was selected depending on the type of bacteria isolated from preoperative cultures: an anti-Gram-positive drug with a switch to rifampicin if Grampositive; piperacillin/tazobactam or a third-generation cephalosporin if Gram-negative. In the absence of results, we covered Gram-positive and Gram-negative bacteria. Treatment was reevaluated after 48 hours and after 5-7 days of incubation. Whenever possible, most patients were switched to an oral administration based on the antimicrobial susceptibility profile. The total duration of antimicrobial treatment was six weeks.

Outcome

The follow-up of patients after surgery consisted in clinical examinations performed at 6, 12, 24, and 48 weeks. Outpatient consultations then took place once a year. Lost to follow-up patients were contacted by telephone. Standard radiographs were taken in all patients during the follow-up. Blood samples (blood cell count, CRP) were not available for all patients.

Remission was defined as the absence of local and systemic signs of PJI during the follow-up (minimum 1 year after the end of treatment). Failure included relapse and new infections after treatment completion. The primary endpoint was the remission rate of knee and hip PJI treated with one-stage RA and six-week antibiotic treatment. Another objective was the identification of potential risk factors for failure.

Data collection

The following data was collected from the medical records: age, sex, body mass index (BMI, kg/m 2 ), American Society of Anesthesiologists (ASA) score, site of infection (knee or hip), comorbidities, intravenous/oral antibiotic regimen. Microbiological data, including pathogen and antibiotic resistance patterns, was collected from pre-, per-, or post-operative biological samples (synovial fluid, bone tissue, blood). We reported surgical characteristics of prosthetic implant, including type of fixation (uncemented, cemented with antibiotic-loaded cement or not), details on surgical techniques (previous debridement, cement ablation, use of bone allograft).

Statistical analysis

We performed a descriptive analysis of clinical and microbiological data. Continuous variables were expressed as medians with interquartile range (IQR; Q1-Q3), and categorical variables were expressed as numbers with percentages (%). Pearson's χ 2 test was used to compare categorical variables, Student's t test and Wilcoxon test were used to compare continuous variables. A p value ≤0.05 was considered significant. Univariate analysis was performed for demographical and clinical/surgical variables. Analyses were performed using SPSS Statistics 22 software.

Results

Population characteristics

One hundred and twenty-five records of patients treated with hip or knee replacement arthroplasty for PJI between January 1, 2010 and December 31, 2015 were screened for this study. One-stage exchange was performed in 93 patients among whom 50 were enrolled based on inclusion criteria (Figure 1): 42 hip RA and 8 knee RA. The median age was 69 years (IRQ 24-95) and 31 patients were males. Two of nine patients with tumors were treated with local radiotherapy. Inflammatory arthropathies (n=6) included microcrystalline arthritis, polyarticular chondrocalcinosis, inflammatory coxitis, and posttraumatic arthritis. HIV infection and Chronic Kidney Disease (CKD), defined as eGFR <60 ml/min/1.73m 2 (calculation of creatinine clearance by Modification of Diet in Renal Disease equation, MDRD) were reported in two patients, respectively. Fifteen patients had an ASA score ≥3 (Table 1).

Clinical characteristics of infections

The median time between the last prosthesis implantation and occurrence of PJI was 36 months (IQR 1-216). Infections were early in nine patients (18%), delayed in nine patients (18%), and late in 32 patients (64%). Microbiological diagnosis of PJI was made intraoperatively for 48 patients (96%) and cultures were performed on periprosthetic tissue specimens. Blood cultures were positive in four cases (8%). Preoperative arthrocentesis was performed in 41 patients (82%) and the pathogen was identified in 31 cases (76%). Nine patients (20%) also had a bacterial strain isolated from biopsies of a previous debridement. Staphylococcal infections were observed in 29 patients (58%). Cutibacterium acnes occurred in 19 patients (38%), Gram-negative bacilli in six patients (12%) including extended-spectrum beta-lactamase (ESBL)-producing Klebsiella pneumoniae. Polymicrobial infections occurred in 14 patients (28%) (Table 2).

Surgical implant strategies

Prior to prosthetic replacement, a first irrigation and debridement procedure was performed in nine patients (18%) with early postoperative infections. Prosthetic exchange consisted of prosthesis removal, excision of infected and necrotic tissues, extensive lavage, and implant of a new prosthesis. A total or partial synovectomy was conducted in 37 (90%) and in four (10%) patients, respectively (for nine patients, it was not specified in surgical records).

Cement ablation was reported in 46/49 patients (94%). Eighteen patients (38%) required bone allograft transplantation at the time of reimplantation: 17 received a fragmented femoral head allograft for anatomical reconstruction of the acetabulum (when bone loss was observed in the acetabular roof or in the posterior part); the last patient required a tibial stem allograft due to a femoral fracture during the procedure. Finally, gentamicin-loaded bone cement was used in 38 (84%) patients (this information was not mentioned in the records of five patients).

Medical treatment

Antimicrobial therapy was administered for a total mean duration of six weeks (IQR 6-7).

Treatment was always initiated with an intravenous therapy for a mean duration of 11 days (IQR 4-45). Empirical strategies consisted in a combination of two or three antibiotics.

Intravenous antimicrobial combinations included daptomycin for 23 patients (46%), which was associated with rifampicin in 18 patients (78%). Beta-lactams were prescribed to 19 patients (40%), more often combined with fluoroquinolones (18%). Details on intravenous empirical strategies are reported in Table 3. Forty-six patients (92%) switched to oral administration and four (8%) remained on an intravenous treatment. Oral therapy primarily consisted of two (n=43, 94%) or three (n=1, 2%) antibiotics. Fluoroquinolones with clindamycin (30%) or beta-lactams (19%) were the preferred oral strategies (Table 3).

Outcome

One female patient died two months after surgery from a carcinoma without persistence of infection, and was thus excluded from analysis. All other patients were followed with a mean follow-up duration of 32 months (IQR 12-101). Follow-up duration was ≥24 months for 37 (75%) patients and between 12-23 months for 12 (25%) patients. The overall remission rate was 90% (44/49): 90% (37/41) in hip RA and 88% (7/8) Comparing patients with favorable outcome (n=44) with those who experienced relapse or new infection (n=5) did not demonstrate any significant difference in terms of demographic, clinical, and surgical characteristics (Table 4). Local radiotherapy, HIV infection, and CKD seemed to be more frequently associated with relapses in univariate analysis (p=0.058).

Considering antimicrobial strategies, the rate of failure did not differ significantly according to the regimen or intravenous treatment duration (Table 4). However, only one failure was observed among 25 patients treated with a regimen including rifampicin (C. acnes infection). Indeed, in the subset of Gram-positive PJIs use of rifampicin seemed to be a protective factor (remission in 100% of patients) in the group of patients with staphylococcal PJIs (p=0.020; OR=0.69, 95% CI 0.482-0.995) and streptococcal/staphylococcal PJIs (p=0.032; OR=0.73, 95% CI 0.54-0.99). Including C. acnes in the Gram-positive group, the remission rate was 96% (p=0.099, OR=5.75, 95% CI 0.58-56.34).

Discussion

We conducted a retrospective cohort study of 50 consecutive patients with hip or knee PJI treated with one-stage replacement arthroplasty and a six-week course of antibiotic treatment. After a minimum follow up of 12 months and a median follow up of 32 months, the cumulative remission rate was 90% (IQR 88-90). No significant difference was observed between hip and knee PJI. The cumulative rate of failure (10%) was similar to that reported in the literature for two-or one-stage exchange (7-15%) [START_REF] Zimmerli | Prosthetic joint infections[END_REF][START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Bratzel | The surgical infection prevention and surgical care improvement projects: national initiatives to improve outcomes for patients having surgery[END_REF][START_REF] Ilchmann | One-stage revision of infected hip arthroplasty: outcome of 39 consecutive hips[END_REF][START_REF] Qasim | The DAIR (debridement, antibiotics and implant retention) procedure for infected total knee replacement -a literature review[END_REF][START_REF] Lange | Chronic infection in hip arthroplasties: comparing risk of reinfection following one-stage and two-stage revision: a systematic review and meta-analysis[END_REF][START_REF] Youssef | Philadelphia 2013: international Consensus Meeting on Periprosthetic Joint Infection[END_REF][START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF][START_REF] Jiranek | Surgical treatment of prosthetic joint infections of the hip and knee: changing paradigms[END_REF][START_REF] Nguyen | One-stage exchange arthroplasty for periprosthetic hip and knee joint infections[END_REF][START_REF] Zeller | One-stage exchange arthroplasty for chronic periprosthetic hip Infection: results of a large prospective cohort study[END_REF][START_REF] Callaghan | One-stage revision surgery of the infected hip. A minimum 10-year follow up study[END_REF][START_REF] Kendoff | Surgical management of periprostetic joint infection: one-stage exchange[END_REF][START_REF] Kunutsor | Re-infection outcomes following one-and two-stage surgical revision of infected hip prosthesis: A systematic review and metanalysis[END_REF][START_REF] Kunutsor | Re-infection Outcomes following One-And Two-stage surgical revision of Infected Knee Prosthesis: A systematic review and Metanalysis[END_REF][START_REF] Høiby | ESCMID guideline for the diagnosis and treatment of biofilm infection[END_REF].

A distinctive strength of our study was the homogeneity of the study population in terms of surgical intervention (large perioperative lavage, one-stage arthroplasty replacement), and same duration of antimicrobial therapy. All decisions related to the type, dosing, and antibiotic treatment duration were indeed taken by a dedicated multidisciplinary team. The extensive experience of the German hospital ENDO-Klinik and various studies demonstrated the effectiveness of one-stage RA in the treatment of PJIs, including polymicrobial and resistant pathogen infections [4, 9-13, 18-22, 30]. Benefits of one-stage surgery are evident: brief hospitalization, absence of immobilization period, and rapid functional recovery [START_REF] Zahar | One-Stage revision for infected total hip arthroplasty[END_REF].

Duration of the antibiotic therapy after one-and two-stage RA remains poorly defined, and treatment strategies differ from one orthopedic center to another. For two-stage RA, national and international guidelines recommend 4-12 weeks of pathogen-specific antimicrobials after removal of prosthesis [START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Youssef | Philadelphia 2013: international Consensus Meeting on Periprosthetic Joint Infection[END_REF][START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF]. Farhad et al. showed that a six-week antibiotic treatment seemed to be sufficient for all bone infections, including 61 PJIs, although they did not specify the type of surgical approach [START_REF] Farhad | Six weeks antibiotic therapy for all bone infections: results of a cohort study[END_REF]. Several experts also demonstrated the effectiveness of 6-8 weeks of antibiotics in PJIs treated with two-stage exchange or DAIR [START_REF] Bernard | Trends in the treatment of orthopaedic prosthetic infections[END_REF][START_REF] Darley | Role of early intravenous to oral antibiotic switch therapy in the management of prosthetic hip infection treated with one-or two-stage replacement[END_REF][START_REF] Darley | Antibiotic treatment of gram-positive bone and joint infections[END_REF][START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF]]. However, few comparative studies have so far evaluated the outcome of PJIs treated with short (6-8 weeks) or long (≥12 weeks) antibiotic therapies. Available studies are heterogeneous, as a single study may consider various surgical strategies with prosthetic retention or removal [START_REF] Farhad | Six weeks antibiotic therapy for all bone infections: results of a cohort study[END_REF][START_REF] Bernard | Trends in the treatment of orthopaedic prosthetic infections[END_REF][START_REF] Darley | Role of early intravenous to oral antibiotic switch therapy in the management of prosthetic hip infection treated with one-or two-stage replacement[END_REF][START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF]. Experience is even more limited for the one-stage strategy, with disparate results. Major experts recommend at least 12 weeks of antibiotic therapy with or without antibiotic-loaded cement [START_REF] Zimmerli | Prosthetic joint infections[END_REF][START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Bratzel | The surgical infection prevention and surgical care improvement projects: national initiatives to improve outcomes for patients having surgery[END_REF][START_REF] Ilchmann | One-stage revision of infected hip arthroplasty: outcome of 39 consecutive hips[END_REF][START_REF] Youssef | Philadelphia 2013: international Consensus Meeting on Periprosthetic Joint Infection[END_REF][START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF]. Zeller et al. conducted a large prospective cohort study of patients with hip PJIs cured with one-stage RA and 12-week therapy [START_REF] Zeller | One-stage exchange arthroplasty for chronic periprosthetic hip Infection: results of a large prospective cohort study[END_REF], including difficult-to-treat pathogens which are considered by most authors as a factor preventing direct exchange [START_REF] Zimmerli | Prosthetic joint infections[END_REF][START_REF] Ilchmann | One-stage revision of infected hip arthroplasty: outcome of 39 consecutive hips[END_REF][START_REF] Singer | High rate of infection control with one-stage revision of septic knee prostheses excluding MRSA and MRSE[END_REF]. Darley et al. did not observe relapse in 19 PJIs treated with 14 days of an intravenous regimen followed by 6-8 weeks of oral antibiotic therapy. However, the mean antibiotic treatment duration following one-stage RA performed in four patients was 14 weeks [START_REF] Darley | Role of early intravenous to oral antibiotic switch therapy in the management of prosthetic hip infection treated with one-or two-stage replacement[END_REF]. Yoo et al. evaluated the outcome of 12 PJIs all treated with one-stage RA and a mean duration of antibiotic therapy of 8.4 weeks (IQR 3-24 weeks), reporting a remission rate of 83% and 8.3% of reinfections [START_REF] Buechel | Primary exchange revision arthroplasty for infected total knee replacement: a long-term study[END_REF]. The prospective study of Bernard et al. compared remission rates of 144 PJIs, according to the antibiotic therapy duration (6 versus 12 weeks) after DAIR, arthrodesis, two-and one-stage replacement. Overall, 80% of PJIs were cured but the rate of reinfection was 10% in the sixweek group and 31% in the 12-week group. However, only four patients of the six-week group were treated with one-stage exchange [START_REF] Bernard | Six weeks of antibiotic treatment is sufficient following surgery for septic arthroplasty[END_REF]. More recently, a prospective, open, randomized trial (DATIPO) compared the effectiveness of a 6-versus 12-week antibiotic treatment following surgical procedure for PJI (DAIR, one-or two-stage exchange). Noninferiority was not proven: failures were more frequent in the six-week group after DAIR and two-stage exchange. However, no significant difference was observed between the 6-and 12-week groups in patients treated with one-stage replacement (rate of failure: 4% versus 2.8%) [START_REF] Bernard | Durée de Traitement des Infections sur Prothèses Ostéo-Articulaires (DATIPO) : étude randomisée 6 versus 12 semaines (DATIPO)[END_REF].

Our cohort included 50 patients treated with one-stage RA and six-week antibiotic treatment (IQR 6-7). It is to date one of the largest series of patients with PJIs simultaneously treated with one-stage RA and a short six-week course of antibiotics. In addition, we only enrolled patients with a microbiological diagnosis of PJI (bacterial isolation and susceptibility profile of the microorganism always available). As in other publications [START_REF] Ilchmann | One-stage revision of infected hip arthroplasty: outcome of 39 consecutive hips[END_REF][START_REF] Zeller | One-stage exchange arthroplasty for chronic periprosthetic hip Infection: results of a large prospective cohort study[END_REF][START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF], our cohort included several "difficult-to-treat" patients with resistant pathogens, polymicrobial infections, and serious comorbidities. However, we observed a low incidence of MRCNS in our cohort (29%), in contrast with data reported in other European reference centers [START_REF] Aggarwal | Organism profile in periprosthetic joint infection: pathogens differ at two arthroplasty infection referral centers in Europe and in United States[END_REF].

Antibiotic combinations were started intravenously to achieve maximal effectiveness during the first period following RA. The median intravenous treatment duration was 11 days (IQR 4-45). Patients were switched to oral treatment after 7 to 15 days in case of favorable outcome, choosing antimicrobials with high oral bioavailability. According to literature data, we did not observe significant differences in terms of outcome in patients treated with prolonged intravenous therapy (>11 days) [START_REF] Darley | Role of early intravenous to oral antibiotic switch therapy in the management of prosthetic hip infection treated with one-or two-stage replacement[END_REF][START_REF] Daver | Oral step-down therapy is comparable to intravenous therapy for Staphylococcus aureus osteomyelitis[END_REF]. Data indeed suggests that an early switch to oral antibiotics should guarantee an effective treatment in bone and implant-related infections. A rapid switch to oral administration and a short antibiotic course could considerably improve the patient's quality of life (increasing the safety and convenience of treatment) and reduce costs and hospitalization duration [START_REF] Farhad | Six weeks antibiotic therapy for all bone infections: results of a cohort study[END_REF][START_REF] Bernard | Trends in the treatment of orthopaedic prosthetic infections[END_REF][START_REF] Darley | Role of early intravenous to oral antibiotic switch therapy in the management of prosthetic hip infection treated with one-or two-stage replacement[END_REF][START_REF] Darley | Antibiotic treatment of gram-positive bone and joint infections[END_REF][START_REF] Daver | Oral step-down therapy is comparable to intravenous therapy for Staphylococcus aureus osteomyelitis[END_REF][START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF].

In our subset of patients with staphylococcal PJIs, we observed that the use of rifampicin combination could play a protective role (p=0.020; OR=0.69, 95% CI 0.48-0.99). Similar results were observed in the streptococcal/staphylococcal group (p=0.032; OR=0.73, 95% CI 0.54-0.99). Indeed, rifampicin-based combination therapy regimens are able to eradicate staphylococcal biofilms and cure PJI [START_REF] Zimmerli | Prosthetic joint infections[END_REF][START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Saginur | Multiple combination bactericidal testing of staphylococcal biofilms from implant-associated infections[END_REF].

In this study, radiotherapy, HIV infection, and CKD seemed to be associated with poor outcome (p=0.058; OR=10.70, 95% CI 0.50-206.4), but the number of patients concerned was very limited. Although literature data on comorbidities and risk of reinfection is limited [14-15, 34, 35], some risk factors have been suggested to predict poor outcome in the treatment of infected hip arthroplasties, but few of these have been validated and the quality of evidence is poor [START_REF] Lange | Chronic infections in hip arthroplasties: comparing risk of reinfection following one-stage and two-stage revision: a systematic review and meta-analysis[END_REF][START_REF] Urquhart | Incidence and risk factors for deep surgical site infection after primary total hip arthroplasty: a systematic review[END_REF]. HIV patients more frequently experience osteonecrosis, which increases mortality [START_REF] Mahoney | Total hip arthroplasty in patients with human immunodeficiency virus infection: pathologic findings and surgical outcomes[END_REF]. The incidence of PJI is also higher in patients with CKD than in the general population [START_REF] Deegan | Impact of chronic kidney disease stage on lower-extremity arthroplasty[END_REF]. In addition, recent local radiotherapy is a known risk factor for surgical site infection in orthopedic surgery [START_REF] Youssef | Philadelphia 2013: international Consensus Meeting on Periprosthetic Joint Infection[END_REF][START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF] and a previous radiotherapy seems to be a risk factor for reinfection in tumor surgery [START_REF] Grimer | Two-stage revision for infected endoprostheses used in tumor surgery[END_REF].

Our study had several limitations. It was a retrospective cohort study without a 12-week control group to achieve a comparative analysis. A six-week strategy is likely not to have been selected for the most severe PJIs. We also excluded culture-negative PJIs, that would have a prevalence around 7-12% [START_REF] Parvizi | Culture-Negative periprosthetic joint infection[END_REF]. We only included microbiologically documented PJIs.

Major experts and international guidelines recommend two-stage exchange if cultures are negative [START_REF] Zimmerli | Prosthetic joint infections[END_REF][START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF][START_REF] Youssef | Philadelphia 2013: international Consensus Meeting on Periprosthetic Joint Infection[END_REF][START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF]. Individual factors such as comorbidities and serious clinical condition, might have affected the choice of surgical strategy in these patients. The inclusion of patients with negative cultures may be the subject of a following study.

Conclusions

This retrospective monocentric cohort study suggested that six-week antimicrobial therapy, in addition to extensive irrigation, had a low rate of failure in hip and knee PJIs after onestage RA. Further studies are required to confirm these results as well as emerging data in literature, preferably as a multicenter prospective randomized study comparing therapy duration after one-and two-stage replacement arthroplasty. ¥ 22 patients (18%) were excluded because perioperative bacterial isolation was not available. They included both cases of negative cultures (no etiological agent was found on bone biopsies and/or synovial fluid) and cases for which the bacterial strain was not mentioned in clinical records 

Beta-lactams 

+ clindamycin + fluoroquinolones + rifampicin 20 (43) 5 (11) 9 (19) 3 (17 

  in knee RA. Failures (n=5, 10%) included four relapses with the same microorganism and one new infection with MSSA; three of these five patients underwent hip RA. Infections recurred after a median of six months (IQR 4-12) following treatment completion. Patients who experienced reinfection were males in 60% of cases (n=3), had a median age of 62 years (IQR 25-87), and an ASA score ≥3 in 40% of cases. Pathogens isolated included methicillin-susceptible coagulasenegative staphylococci (MSCNS, n=2), methicillin-susceptible S. aureus (MSSA) (n=1), C. acnes (n=1), and ESBL-producing K. pneumoniae strain (n=1).
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 11 Figure 1. Flowchart of 50 patients with hip or knee prosthetic joint infections (PJI) treated with one-stage replacement arthroplasty and 6 weeks of antibiotic therapy Figure 1. Diagramme de flux des 50 patients avec infection ostéoarticulaire sur prothèse de hanche ou du genou traités avec un reprise totale en un temps et six semaines d'antibiothérapie

  Next one-stage RA f 7[START_REF] Kunutsor | Re-infection outcomes following one-and two-stage surgical revision of infected hip prosthesis: A systematic review and metanalysis[END_REF] 
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  Four patients remained on an intravenous administration for the entire antimicrobial therapy duration (45 days).

Table 1 .

 1 Baseline characteristics of 50 patients with periprosthetic joint infection treated with one-stage replacement arthroplasty and six-week antibiotic therapy

Table 1 .

 1 Caractéristiques cliniques chez les 50 patients avec infection ostéoarticulaire sur prothèse traités par reprise totale de prothèse en un temps et six semaines d'antibiotiques

	Variables	All patients	IQR
		N=50, n (%)	
	Median age, years	69	24-95
	Median BMI	26	19-39
	Sex, male	31 (62)	
	ASA score ≥3	15 (30)	1-3
	Comorbidities		
	Tumors a	9 (18)	
	Inflammatory arthropathy b	6	
	Hip osteonecrosis		
	Obesity (BMI >30 kg/m²)		
	HIV infection		
	CKD c		
	Diabetes mellitus		
	Cirrhosis		

Table 3 .

 3 Antimicrobial strategies in 50 patients with prosthetic joint infections treated with one-stage replacement arthroplasty: intravenous and oral administration

Table 3 .

 3 Antibiothérapie chez les 50 patients avec infection de prothèse ostéoarticulaire traités par reprise totale de prothèse en un temps : traitement par voie intraveineuse et orale

	IV administration		Oral administration	
	Antibiotics	Patients	Antibiotics	Patients,
		N=50,	n	N=46*, n (%)
		(%)		
	daptomycin	23 (46)	clindamycin	22 (48)
	+ rifampicin	18 (78)	+ fluoroquinolones	14 (30)
	+ fluoroquinolones	3 (13)	+ beta-lactams	5 (11)
	+ beta-lactams	1 (4)	+ rifampicin	3 (6)
	+ fosfomycin	1 (4)		
	Beta-lactams	19		
	+ fluoroquinolones			
	+ aminoglycosides ± other			

Table 4 .

 4 Clinical outcome of 49 prosthetic joint infections treated with one-stage replacement arthroplasty and a six-week antibiotic therapy: univariate analysis for baseline demographic and clinical characteristics

Table 4 .

 4 Devenir des 49 patients avec infection ostéoarticulaire sur prothèse traités par reprise totale de prothèse en un temps et six semaines d'antibiothérapie : analyse univariée des caractéristiques démographiques et cliniques : replacement arthroplasty; ASA: American Society of Anesthesiologists; HIV: human immunodeficiency virus; PJI: periprosthetic joint infection; MSCNS: methicillin-susceptible coagulasenegative staphylococci; MSSA: methicillin-susceptible S. aureus; MRCNS: methicillin-resistant coagulase-negative staphylococci; MDR: multidrug resistant; IV: intravenous.

	Variables		Failure	Remission	p value Failure, OR
				(n=5), n (%)	(n=44), n (%)		(95% CI)
	Baseline characteristics				
	Male sex		3 (60)	28 (64)	0.873	0.85	(0.12-
							5.68)
	Age >70 years		1 (20)	20 (45)	0.276	0.30	(0.031-
							2.901)
	Hip RA		4 (80)	37 (84)	0.815	0.75	(0.07-
							7.82)
	Knee RA		1 (20)	7 (16)	0.815	1.32	(0.12-
							13.65)
	ASA ≥3		2 (25)	14 (32)	0.712	1.42	(0.21-
							9.53)
	Tumors		2 (25)	6 (14)	0.131	4.22	(0.58-
							30.75)
	Radiotherapy		1 (20)	1 (2)	0.058	10.75	(0.56-
							206.43)
	Inflammatory arthropathy	0	6 (14)	0.335	0.88	(0.78-
							0.98)
	Hip osteonecrosis		0	6 (14)	0.378	0.88	(0.79-
							0.98)
	Obesity		1 (20)	9 (20)	0.981	0.97	(0.09-
							9.79)
	HIV infection		1 (20)	1 (2)	0.058	10.75	(0.56-
							206.43)
	Chronic kidney disease		1 (20)	1 (2)	0.058	10.75	(0.56-
							206.43)
	PJI	characteristics,	surgical			
	strategies				
	Early infection		2 (40)	7 (16)	0.187	3.52 (0.49-
							25.09)
	Delayed infection		1 (20)	8 (18)	0.921	1.12 (0.11-
							11.46)
	Late infection		2 (40)	29 (66)	0.210	0.31 (0.04-
							2.07)
	First revision		4 (80)	37 (84)	0.700	0.63	(0.06-
							6.65)
	Next revision		1 (20)	6 (14)	0.700	1.58	(0.15-

RA

Microbiological samples

Preoperative arthrocentesis 41 (82) Synovial fluid positive cultures 32 (78) Blood cultures 4 [START_REF] Dupon | Recommendations for bone and joint prosthetic device infection in clinical practice (prosthesis, implants, osteosynthesis). Societé de Pathologie Infectieuses de Langue Française[END_REF] Preoperative periprosthetic tissue specimens 10 (20) Intraoperative tissue specimens 48 (96) BMI=Body Max Index, Kg/m²; ASA=American Society of Anesthesiologists; HIV=human immunodeficiency virus. a Malignancies: osteosarcoma, chondrosarcoma, GCT (giant cell tumor of bone), bone metastasis and hepatocarcinoma; benign tumors: chondroblastoma and osteoid osteomas. b Microcrystalline arthritis, polyarticular chondrocalcinosis, inflammatory coxitis, and posttraumatic arthritis. c CKD=Chronic Kidney Disease defined as eGFR <60 ml/min/1.73m 2 (calculation of creatinine clearance by Modification of Diet in Renal Disease equation, MDRD). d PJI classification based on the time to infection after last surgery: early (<3 months), delayed (3-24 months), late (>24 months). e First procedure of one-stage replacement arthroplasty after prosthetic implantation f Second or third one-stage replacement arthroplasty. 

0 Enterococcus spp.

E. faecium