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Introduction

Late-onset acute prosthetic joint infections (PJI) are usually considered hematogenous.

These infections are a rare complication of prosthetic joint implants, with an incidence of 0.1-0.6% in a lifetime [START_REF] Ong | Prosthetic joint infection risk after total hip arthroplasty in the Medicare population[END_REF][START_REF] Cook | Late haematogenous infections after total knee arthroplasty: experience with 3013 consecutive total knees[END_REF][START_REF] Maderazo | Late infections of total joint prostheses. A review and recommendations for prevention[END_REF]. Pathophysiology and causative microorganisms differ from early post-operative infections. Nevertheless, treatment guidelines do not consider post-operative and hematogenous prosthetic joint infections differently and in case of acute symptoms for less than three weeks, debridement and implant retention (DAIR) are recommended in hematogenous infections as in early post-operative infections [START_REF] Osmon | Executive Summary: Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF]. High rates of failure have been reported with DAIR [START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF][START_REF] Murillo | A large multicenter study of methicillin-susceptible and methicillinresistant Staphylococcus aureus prosthetic joint infections managed with implant retention[END_REF][START_REF] Vilchez | Efficacy of debridement in haematogenous and early post-surgical prosthetic joint infections[END_REF] but only few studies focused on hematogenous PJI.

We reviewed all hematogenous PJI managed in our center, to analyze the efficacy of various surgical treatment strategies and to search for risk factors associated with treatment failure.

Patients and methods

Population

Medical records of patients admitted for hematogenous PJI at Montpellier university hospital between January 2004 and May 2015 were selected among PJI records extracted from the hospital software and reviewed using a standardized form.

Definitions

Hematogenous PJI was defined as per Tsukayama et al.'s classification: presence of acute symptoms (pain, fever, fluid and/or sinus tract) for less than 21 days before any antibiotic therapy initiation on a prosthetic knee or hip, after an asymptomatic period of more than one year after implantation [START_REF] Tsukayama | Infection after Total Hip Arthroplasty. A Study of the Treatment of One Hundred and Six Infections*[END_REF].

We only included infections microbiologically documented by culture of joint aspirate, intraoperative samples or blood samples positive to any microorganism, excluding Cutibacterium acnes and coagulase-negative staphylococci-positive cultures. Patients with positive blood cultures only were included in case of purulence identified during prosthesis surgery or joint aspiration. Patients who had a previous surgical revision for sepsis were not included.

Surgical treatment was considered adequate when corresponding to the 2013 Infectious Diseases Society of America (IDSA) recommendations [START_REF] Osmon | Executive Summary: Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF]: conservative surgery with implant retention by arthrotomy in case of infection onset ˂3 weeks, in a well-implanted prosthesis with no sinus tract, or implant change otherwise.

Antibiotic therapy was considered adequate if corresponding to the French infectious diseases society (SPILF) guidelines [START_REF] Spilf | Recommandations de bonne pratique clinique : Infections ostéo-articulaires sur matériel (prothèse, implant, ostéosynthèse)[END_REF] or IDSA recommendations [START_REF] Osmon | Executive Summary: Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF]: at least six weeks of treatment using intravenous cefazolin (100 mg/kg/day) or cloxacillin (200 mg/kg/day) or vancomycin (30-40 mg/kg/day) in case of allergy or resistance followed by a combination of oral rifampicin (900-1,800 mg/day), clindamycin (1,800-2,400 mg/day), fusidic acid (1,500 mg/day), co-trimoxazole (2,400/480-3,200/640 mg/day), or quinolone (ofloxacin 400-600 mg/day, ciprofloxacin 1,000-1,500 mg/day, levofloxacin 500-750 mg/day) for Staphylococcus aureus. A short treatment duration with empirical vancomycin was considered adequate for methicillin-susceptible S. aureus if followed by adequate oral therapy, and daptomycin 6-10 mg/kg/day was considered adequate for methicillin-resistant S. aureus in case of renal failure [START_REF] Osmon | Executive Summary: Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF]. For streptococcal infections, an intravenous treatment with amoxicillin (100-200 mg/kg/day) or a third-generation cephalosporin (6 g/day of cefotaxime or 2 g/day of ceftriaxone) followed by oral amoxicillin or clindamycin (in case of intolerance, combined with rifampicin and quinolone or co-trimoxazole) was also tolerated.

For Gram-negative bacilli, intravenous treatment with a third-generation cephalosporin or carbapenem (meropenem 6 g/day or imipenem 3 g/day) followed by oral quinolone or ceftazidime 6 g/day and ciprofloxacin for Pseudomonas aeruginosa was considered adequate.

Successful treatment was defined by resolution of symptoms with a follow-up of more than 12 months after surgery.

Failure was defined by the:

(i)
need for prosthesis removal because of an infectious cause in case of DAIR;

(ii) recurrence of infectious signs on the new implant in case of non-conservative treatment;

(iii) death due to prosthesis-related infection.

Statistical analysis

Statistical 

Results

Population

Forty-seven of the 330 PJIs in our hospital were identified as hematogenous PJI, including 33 knee prosthesis infections (three bilateral infections) and 14 hip prosthesis infections (one bilateral infection). Mean age of patients was 72.9 years (range 59-88). Mean time after surgery was 8.9 years (range 1-28.6). The main symptoms were pain (93%) and fever (65%).

Fluid collection of the prosthetic joint and elevated C-reactive protein were more frequent in prosthetic knee infections. Four patients had sinus tract. Nine had osteitis signs on X-rays.

Data is summarized in Table 1.

Microbiological data and suspected portal of entry

In 28 patients with a suspected primary infection, cutaneous infection was the most frequent suspected portal of entry. Among all patients included (n=47), five patients had infective endocarditis and six had other confirmed infectious localizations. Staphylococcus aureus (43%) and streptococcal species (43%) were the most frequent pathogens.

Microbiological data is detailed in Table 2.

Medical therapy

Median duration of antibiotic therapy was 66. were treated with pristinamycin and rifampicin for one and the other patient was only treated with three weeks of adequate treatment followed by imipenem because of another infection. One patient received pristinamycin and ciprofloxacin and one did not receive intravenous therapy for S. aureus infections. The 47 th patient, who was treated with medical therapy only, received co-trimoxazole and rifampicin.

Surgical treatment

Thirty-one patients were treated by conservative surgery (10 by arthroscopy, 21 by arthrotomy) and 15 were treated by prosthesis removal (three with one-stage replacement, 10 with two-stage replacement, two with resection-arthroplasty). One patient was treated with medical therapy only. Median time between symptom onset and surgery was 7 days for knee PJI and 26 days for hip PJI (p=0.016). Conservative treatment was significantly more frequently used for knee PJI (p<0.0001).

Among the nine patients with osteitis signs on X-rays, five were treated with DAIR and four with ablation. Among the four patients who had ablation, only one prosthesis was found unsealed during surgery.

Among the 46 patients who underwent surgery, six showed intraoperative aspect of prosthesis loosening, one in the DAIR group (for which treatment was considered inappropriate) and five in the non-conservative treatment group. Only one of this six patients had osteitis signs on X-rays before surgery.

Outcome

Overall success after the first-line therapy was 48% (22/46) in patients who underwent surgery, 29% (9/31) with conservative surgery, and 87% (13/15) with non-conservative surgery (p=0.0002). The patient treated with medical therapy only was lost to follow up after eight months. Results are presented in Figure 1.

Management was considered inappropriate in 18 of the 31 patients who underwent conservative surgery (58%):

inadequate surgery indication in 7/31 (23%): three patients had a sinus tract (all in the failure group), four presented with symptoms for more than three weeks (three in the failure group, one in the success group);

inadequate surgical procedure in 11/31 patients (35%) treated by arthroscopy (five in the success group, six in the failure group).

Among the 24 patients eligible for DAIR, eight (33%) were cured and among the 13 patients (42%) for whom conservative treatment was considered adequate, only four were cured (31%). Success rates were 37% (7/19) in patients presenting with S. aureus infection (only 21% in the conservative surgery group), 60% (12/20) in patients presenting with streptococcal infection (33% in the conservative surgery group), and 33% (2/6) in patients with Gram-negative bacilli infections.

On Kaplan Meier analysis, probability of treatment failure was significantly higher in case of prosthesis retention (p=0.0004), as shown in Figure 2.

We performed a univariate analysis on possible predictive factors for treatment failure in the 46 patients undergoing surgery. Results are presented in Table 3. When taking into account multiple comparisons, the only factor significantly associated with failure was conservative surgery.

At the end of the follow-up period 31 patients were cured (22 after the first-line therapy, nine after two or more lines of therapy), three died from infection-related causes: two from septic shock when receiving a first-line therapy, one from ventilator-associated pneumonia after surgery for prosthesis removal following two unsuccessful DAIR. Ten patients died from non-infectious causes, one was still receiving treatment for PJI, and two were lost to followup. Only nine patients retained their implant. Outcomes are detailed in Figure 3.

Discussion

Our study is one of the largest focusing exclusively on hematogenous PJI, and revealed poor results in hematogenous PJI treated with DAIR, with more than 70% of failure.

Primary infection was identified in more than half of patients, and similarly to other studies cutaneous infection or traumatism was the main portal of entry [START_REF] Zeller | Analysis of postoperative and haematogenous prosthetic joint-infection microbiological patterns in a large cohort[END_REF], and Staphylococcus aureus was the most frequent pathogen [START_REF] Zeller | Analysis of postoperative and haematogenous prosthetic joint-infection microbiological patterns in a large cohort[END_REF][START_REF] Rakow | Origin and characteristics of haematogenous periprosthetic joint infection[END_REF]. The risk of hematogenous PJI infection following S. aureus bacteremia may be as high as 30% [START_REF] Tande | Clinical Presentation, Risk Factors, and Outcomes of Haematogenous Prosthetic Joint Infection in Patients with Staphylococcus aureus Bacteremia[END_REF][START_REF] Sendi | Periprosthetic joint infection following Staphylococcus aureus bacteremia[END_REF], and this shows the importance of skin care in patients with prosthetic joints.

As previously reported [START_REF] Vilchez | Efficacy of debridement in haematogenous and early post-surgical prosthetic joint infections[END_REF][START_REF] Tande | Clinical Presentation, Risk Factors, and Outcomes of Haematogenous Prosthetic Joint Infection in Patients with Staphylococcus aureus Bacteremia[END_REF][START_REF] Vu | Factors related to outcome of early and delayed prosthetic joint infections[END_REF][START_REF] Rodríguez | Acute haematogenous prosthetic joint infection: prospective evaluation of medical and surgical management[END_REF][START_REF] Setor | Debridement, antibiotics and implant retention for periprosthetic joint infections: A systematic review and meta-analysis of treatment outcomes[END_REF], we observed a high proportion of knee prosthesis infections, with higher rates of failure. Plausible explanations are a larger prosthetic surface and a more complex joint interface [START_REF] Tande | Clinical Presentation, Risk Factors, and Outcomes of Haematogenous Prosthetic Joint Infection in Patients with Staphylococcus aureus Bacteremia[END_REF]. Clinical signs of knee prosthesis infections are more severe, leading to a rapid diagnosis justifying more frequently conservative surgery with DAIR. However, hip prosthesis infection diagnoses are often delayed, and prosthesis exchange is more commonly used, as formerly reported by Vu et al. [START_REF] Vu | Factors related to outcome of early and delayed prosthetic joint infections[END_REF].

We observed high rates of failure when DAIR was performed. In some cases of failure, representing more than half of patients who had conservative surgery, DAIR should not have been performed, as per recommendations, as symptom onset dated from more than three weeks before surgery or as patients presented with sinus tract or prosthesis loosening [START_REF] Osmon | Executive Summary: Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF].

However, even when indications and modalities of DAIR strictly complied with guidelines, success rates remained low.

The effectiveness of DAIR widely varies in the literature, from 11% to 100% [START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF][START_REF] Setor | Debridement, antibiotics and implant retention for periprosthetic joint infections: A systematic review and meta-analysis of treatment outcomes[END_REF][START_REF] Fiaux | Outcome of patients with streptococcal prosthetic joint infections with special reference to rifampicin combinations[END_REF][START_REF] Letouvet | Predictors of failure for prosthetic joint infections treated with debridement[END_REF][START_REF] Marculescu | Outcome of prosthetic joint infections treated with debridement and retention of components[END_REF][START_REF] Konigsberg | Acute haematogenous infection following total hip and knee arthroplasty[END_REF][START_REF] Koh | Open debridement and prosthesis retention is a viable treatment option for acute periprosthetic joint infection after total knee arthroplasty[END_REF] (all types of acute infections). Most studies report a lower effectiveness of DAIR in hematogenous than acute post-operative infections [START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF][START_REF] Murillo | A large multicenter study of methicillin-susceptible and methicillinresistant Staphylococcus aureus prosthetic joint infections managed with implant retention[END_REF][START_REF] Vilchez | Efficacy of debridement in haematogenous and early post-surgical prosthetic joint infections[END_REF][START_REF] Setor | Debridement, antibiotics and implant retention for periprosthetic joint infections: A systematic review and meta-analysis of treatment outcomes[END_REF]. In a study focusing on hematogenous PJI, Konigsberg et al. [START_REF] Konigsberg | Acute haematogenous infection following total hip and knee arthroplasty[END_REF] reported that DAIR was successful in almost 76% of cases. However, Rodriguez et al. [START_REF] Rodríguez | Acute haematogenous prosthetic joint infection: prospective evaluation of medical and surgical management[END_REF] reported a lower rate (59%), more similar to our results. Various causative agents, surgery modalities (quality of debridement, exchange of mobile components), and time between symptom onset and surgery in these studies may explain these discrepancies.

Infection with S. aureus seemed to be associated with conservative treatment failure [START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF][START_REF] Letouvet | Predictors of failure for prosthetic joint infections treated with debridement[END_REF][START_REF] Konigsberg | Acute haematogenous infection following total hip and knee arthroplasty[END_REF][START_REF] Swenson | Preoperative Anemia Is Associated With Failure of Open Debridement Polyethylene Exchange in Acute and Acute Haematogenous Prosthetic Joint Infection[END_REF][START_REF] Deirmengian | Limited success with open debridement and retention of components in the treatment of acute Staphylococcus aureus infections after total knee arthroplasty[END_REF][START_REF] Koyonos | Infection control rate of irrigation and débridement for periprosthetic joint infection[END_REF], possibly due to an earlier diagnosis. Rates of failure for S. aureus infections were 62% according to Lora-Tamayo et al. [START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF] and 57.8% according to Rodriguez et al. [START_REF] Rodríguez | Acute haematogenous prosthetic joint infection: prospective evaluation of medical and surgical management[END_REF]. The causative agent play an important part in treatment outcome in our study. Rate of failure was higher (63%) in staphylococcal than streptococcal infections (40%), even though the difference was not statistically significant probably due to a lack of power. Although streptococcal infections are usually associated with better prognosis [START_REF] Meehan | Outcome of penicillinsusceptible streptococcal prosthetic joint infection treated with debridement and retention of the prosthesis[END_REF][START_REF] Zürcher-Pfund | Pathogen-driven decision for implant retention in the management of infected total knee prostheses[END_REF], recent works reported rates of failure close to 50% with conservative treatment [START_REF] Fiaux | Outcome of patients with streptococcal prosthetic joint infections with special reference to rifampicin combinations[END_REF][START_REF] Zeller | Group B streptococcal prosthetic joint infections: a retrospective study of 30 cases[END_REF], which corroborates our results.

Prosthesis replacement seemed to be associated with better outcome in our study as well as in other studies [START_REF] Bengtson | Haematogenous infection after knee arthroplasty[END_REF][START_REF] Bradbury | The Fate of Acute Methicillin-Resistant Staphylococcus aureus Periprosthetic Knee Infections Treated by Open Debridement and Retention of Components[END_REF]. Nevertheless, this intervention can be difficult and risky, particularly in elderly people or in case of multiple surgeries, and functional results can be less satisfying than with DAIR, especially with knee prostheses. One-stage prosthetic replacement is an increasingly evaluated alternative [START_REF] Jiranek | Surgical Treatment of Prosthetic Joint Infections of the Hip and Knee: Changing Paradigms?[END_REF][START_REF] Ure | Direct-exchange arthroplasty for the treatment of infection after total hip replacement. An average ten-year follow-up[END_REF].

Konigsberg et al. reported that almost 90% of patients were treated within seven days following symptom onset, and they reported high success rates. Other authors reported an association between failure and longer time to surgery [START_REF] Koh | Open debridement and prosthesis retention is a viable treatment option for acute periprosthetic joint infection after total knee arthroplasty[END_REF]. This association was not obvious in our study, as time to surgery tended to be shorter in patients experiencing failure. An explanation is that time to surgery was shorter with knee prosthesis (7 versus 26 days), probably because diagnosis of the infection was easier in these joints, and DAIR was more frequently used and associated with higher failure rates. Of note, time to surgery was identical in patients with knee prosthesis experiencing failure and success (7.5 days in both groups).

Many other prognostic factors have been described (immunosuppressive therapy [START_REF] Murillo | A large multicenter study of methicillin-susceptible and methicillinresistant Staphylococcus aureus prosthetic joint infections managed with implant retention[END_REF],

arthroscopic debridement [START_REF] Byren | One hundred and twelve infected arthroplasties treated with "DAIR" (debridement, antibiotics and implant retention): antibiotic duration and outcome[END_REF], short duration of antibiotic therapy [START_REF] Letouvet | Predictors of failure for prosthetic joint infections treated with debridement[END_REF], associated bacteremia [START_REF] Murillo | A large multicenter study of methicillin-susceptible and methicillinresistant Staphylococcus aureus prosthetic joint infections managed with implant retention[END_REF], sinus tract [START_REF] Marculescu | Outcome of prosthetic joint infections treated with debridement and retention of components[END_REF]) but we did not identify such factors in our work.

Our study has several limitations. Because of its observational design, indication biases may be present, and treatments were not standardized. However to our knowledge, it is one of the largest series of hematogenous PJI. Heterogeneous characteristics of the population and infections are complex. We cannot formally rule out the inclusion of very late post-operative infections instead of hematogenous PJI. Some patients had signs of osteitis on X-rays suggesting chronic infections. Nevertheless, the very long time since implantation of prostheses without clinical symptoms makes this misclassification very unlikely.

Conclusion

If conservative surgical treatment remains the reference for hematogenous PJI for specific patients according to recommendations, the high risk of failure particularly for S. aureus infections, should lead surgeons to reconsidering prosthesis replacement as the preferred option. Prospective studies are nevertheless necessary to confirm these findings.
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Figure 1 .

 1 Figure 1. Évolution des 47 infections de prothèse après la première ligne thérapeutique, selon le type de chirurgie Figure 1. Outcome of the 47 PJIs at the end of the first-line therapy, by surgical procedure.

Figure 2 .Figure 3 .

 23 Figure 2. Probabilité de succès selon le type de chirurgie (analyse de type Kaplan Meier) Figure 2. Probability of success by type of surgery (Kaplan Meier analysis)

  

  Median duration of antibiotic therapy was 65 days [range 46-1,020] for S. aureus infections, 88 days [range 46-198] for streptococcal infections, 92 days [range 44-233] for Gram-negative bacilli infections, and 44 days for Listeria monocytogenes infections.

	Considering oral therapy, 13 (65%) S. aureus infections were treated with a combination
	including rifampicin (four with co-trimoxazole, six with quinolones, two with glycopeptides,
	one with fusidic acid), two only received intravenous therapy with cefazolin and oxacillin and
	four combined with clindamycin, co-trimoxazole, or quinolone. Nine streptococcal infections

5 days [range 11-1,020], including a median of 20 days of intravenous therapy [range 0-124]. All patients received at least six weeks of antibiotic therapy, except two patients who died prematurely from septic shock. Seventeen patients received more than 12 weeks of antibiotic therapy. Two patients only received oral therapy.

were treated with clindamycin, six with amoxicillin, and three with rifampicin and quinolone or co-trimoxazole. Five Gram-negative bacilli infections were treated with quinolones, combined with ceftazidime for Pseudomonas aeruginosa. Amoxicillin was used alone for Campylobacter fetus and combined with rifampicin for Listeria infections. Antibiotic therapy was considered adequate in 42 patients (91%) of the 46 who underwent surgery. Of the four patients with inadequate treatment, two were presenting with streptococcal infections and

  Tableau I. Caractéristiques cliniques, biologiques et radiologiques des 47 infections de prothèses hématogènes TableI. Clinical, biological, and radiological characteristics of 47 hematogenous PJIs.

	Variable	N (%) or median [min-
		max]
	Sex (male/female)	30/17
	Age (years)	72 [59-88]
	Knee prosthesis	33 (70)
	Hip prosthesis	14 (30)
	History of surgical	16 (34)
	revision	
	Comorbidities	
	Diabetes mellitus	14 (30)
	Chronic renal failure	5 (11)
	Cardiac failure	12 (26)
	Respiratory failure	3 (6)
	Rheumatoid arthritis	3 (6)
	Immunosuppressive	5 (11)
	therapy	
	Corticosteroids	4 (8.5)
	Malignancy	3 (6)
	Cirrhosis	2 (4)
	BMI >30 kg/m 2	16 (38)
	Active tobacco	2 (5)
	consumption	
	Active alcohol	2 (5)
	consumption	

Clinical features

C-reactive protein (mg/l) 219 Positive blood cultures 22 (61)

Radiologic osteitis (X-ray) 9 [START_REF] Zeller | Group B streptococcal prosthetic joint infections: a retrospective study of 30 cases[END_REF] Tableau II. Micro-organismes impliqués et portes d'entrées infectieuses suspectées (sites infectieux à distance) des 47 infections de prothèses hématogènes.