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SEVERE ADVERSE EVENTS DURING MEDICAL AND SURGICAL TREATMENT OF HIP AND KNEE PROSTHETIC JOINT INFECTIONS
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Introduction: The management of prosthetic joint infection requires a complex treatment procedure and can be associated with complications. However, the occurrence of severe adverse events during this intervention has been poorly evaluated.

Patients and methods: A 5-year multicentric retrospective study including patients from 3 hospitals in the South-Western France referral center for complex bone and joint infections (Crioac GSO) and treated for hip or knee prosthetic joint infection with 1 or 2-stage implant exchanges. The objective was to describe grade ≥ 3 adverse events, according to the CTCAE classification, occurring within 6 weeks after surgery and to identify their associated factors.

Results: 118 patients were identified. We observed 71 severe events in 50 patients (42.3 %; 95% confidence interval [CI95%]: 33.8-51.4%). Sixteen severe events were an evolution of the infection. The remaining 55 others (47 grade 3 and 8 grade 4) occurred in 41 patients (34.7%; CI95%: 26.8-43.7%). They were distributed as follows: 27 (49.1%) medical complications, 21 (38.2%) surgical complications and 7 (12.7%) antibiotic-related complications. The main identified risk factor was a two-stage prosthetic exchange with OR=3.6 (CI95% [1.11-11.94], p=0.032). Obesity was limit of significance with OR=3.3 (CI95 % [0.9-12.51], p=0.071). Infection with coagulase negative Staphylococcus was a protective factor with OR=0.3 (CI95% [0.12-0.99], p=0.047).

Conclusion:

Severe adverse events are frequent following prosthetic exchange for PJI (34.7%) and are related to the high frequency of comorbidities in this population and to the complex surgical procedures required. The risk factor significantly associated with these events was a two-stage exchange.

Introduction:

Prosthetic joint infection (PJI) is an infrequent orthopedic surgery complication which could have serious consequences, especially in terms of morbimortality and cost (1 -5). Treatment is complex, usually including surgery followed by antibiotherapy associating 1 or several molecules (6 -8). SAEs are sometimes due to this medical care which has been under evaluated. A recent study reports an SAE frequency of 15% during Staphylococcus aureus osteoarticular infection (OAI) treatment, although it focused exclusively on antibiotherapy related SAEs [START_REF] Valour | Antimicrobial-Related Severe Adverse Events during Treatment of Bone and Joint Infection Due to Methicillin-Susceptible Staphylococcus aureus[END_REF]. Better knowledge of SAEs and their causes could help diminish their frequency. This could lead to more optimal patient care and economic benefits. Our study's objective is to describe SAE frequency whatever their etiology during hip and knee PJI treatment appearing within 6 weeks after surgery, with a one or two stage implant exchange schedule as well as identifying associated risk factors.

Patients and methods: Study population:

We undertook a retrospective and descriptive study in the infectious diseases services of 3 teaching hospitals making up the South Western France referral center for complex bone and joint infections (Crioac GSO): the Bordeaux teaching hospital, which was the central coordinator, the Limoges teaching hospital and the Toulouse teaching hospital. The complex osteoarticular infractions referral center network is a national network existing in each French inter-region and certified by the Health Care General Direction (DGOS, Ministry of Social Affairs and Health). We were able to identify adult patients who had been admitted for a hip or knee PJI between January 1, 2013 and December 31, 2017 using the local Crioac data base (a computerized national data base, General Direction of Medical Care-DGOS). This data was then extracted from a computerized medical file. No information identifying the patients was collected in order to protect patients' privacy and anonymity. Patients suffering from a hip or knee PJI who had been operated on by a multidisciplinary team with a 1 or 2 stage implant exchange with regular ambulatory standardized follow-up were included in the study. We were able to identify all adverse effects (AEs) which appeared within a delay of 6 weeks after surgery. These AEs were then classified according to their degree of severity using the v.5 CTCAE (Common Terminology Criteria for Adverse Effects) classification [START_REF]Common Terminology Criteria for Adverse Events[END_REF]. The AEs were classified in 5 levels: AE level determination was accomplished by two independent readings by a clinician and a clinical study technician; unresolved disagreements were decided in meetings. SAEs were defined by levels 3 to 5.

Statistical analysis

Statistical analysis was performed using the R-studio software. A Wald test and a likelihood ratio test (LR-test) were carried out at the same time to obtain the associated p-value. After a descriptive analysis of the study population, the characteristics of patients with at least one SAE were compared to those of patients who experienced either AEs or non-serious AEs (levels 1 and 2). Univariate analysis and a multivariate analysis using a logistic regression were carried out in order to identify risk factors associated with SAE onset. For each variable, odds ratios were calculated with a confidence interval of 95%. The association was considered significant when the p-value was ≤ 0.05.

Results

:

Population description: Two hundred sixty-six patients were identified between January 1 2013 and December 31 2017. One hundred forty eight patients were excluded because they had not been treated completely in one of the 3 Crioac GSO teaching hospitals (CHU). The study therefore involved 118 patients. These patients' characteristics and their microbial ecology can be found in Table I. Of these patients, 50 developed an SAE (Table II).

Immediate post-operative antibiotherapy was probabilistic for 40 patients. This was comprised of piperacillin/tazobactam and vancomycin for 28 patients, of piperacillin/tazobactam and linezolid for 10 patients, of piperacillin/tazobactam and daptomycin for 1 patient and ceftriaxone and vancomycin for 1 patient. Average treatment duration was 7.8 days. For 73 patients, immediate postoperatory antibiotherapy was targeted using known pre-operatory patent information. For 5 patients, information concerning this probabilistic antibiotherapy was not recommended in their file. No SAE linked to this probabilistic antibiotherapy was noted.

The antibiotherapy was adapted upon receiving microbiological results. For the 26 cases of methicillin sensitive Staphylococcus aureus infection, it associated a penicillin M or a 1 st generation cephalosporin with a fluoroquinolone. Secondarily, β-lactam was replaced by rifampicin or clindamycin or fusidic acid or cefuroxime. For the 5 methicillin resistant Staphylococcus aureus infection cases, initial antibiotherapy associated vancomycin or daptomycin and cotrimoxazole then clindamycin and co-trimoxazole. For the 22 cases of methicillin sensitive coagulase negative Staphylococcus infection, antibiotherapy associated a penicillin M or a 1 st generation cephalosporin with a fluoroquinolone. Secondarily, the β-lactam was replaced by rifampicin or clindamycin. Other schemas associated co-trimoxazole and rifampicin or linezolid and fusidic acid. For the 8 cases of methicillin resistant coagulase negative Staphylococcus infection, antibiotherapy associated daptomycine and rifampicine or fusidic acid or ceftaroline. An others schemas associated cotrimoxazole and rifampicine or linézolide and fusidic acid. The 14 patients infected with enterobacteriaceae received monotherapy of fluoroquinolone or associated with co-trimoxazole or ceftriaxone. In other situations, co-trimoxazole was prescribed in monotherapy or, for β-lactamase secreting enterobacteriaceae, piperacillin/tazobactam or temocillin or aztreonam. Average documented overall antibiotherapy length was 7 weeks. Antifungal treatment length for the 2 patients was 12 and 28 weeks respectively.

Description of adverse events:

Out of the 118 patients included in the study, 191 all-level AEs were identified among 84 patients (71.1% of the studied group, with a confidence interval of 95% [CI 95%]: 62.4-78.6%). The average delay of AE appearance was 2 weeks following surgery (extremes: 0-42 days).

Among these events we were able to observe 71 SAEs in 50 patients (42.3%; CI 95% [33. 8-51.4]). The 68 other patients experienced no AEs or only level 1 and 2 AE. Among the 71 SAEs, 16 in 16 patients (13.5%; CI 95% [8.5-20.9]) corresponded to infection evolutivity. The other 55 SAEs concerned 41 patients (34.7%; CI 95% [26.8-43.7]) 7 of which also experienced SAEs linked to infection evolutivity. Among the 41 patients for whom SAE was not in relation with PJI evolution, 32 experienced only 1 SAE and 9 experienced several: 6 patients experienced 2 SAEs, 2 experienced 3 SAEs and 1 experienced 4 SAEs. There were 47 level 3 SAEs (85%) and 8 level 4 SAEs (15%). The 16 SAEs linked to PJI evolutivity (10 cases of surgery site infections and 6 cases of sepsis directly related to PJI) were excluded from the analysis. The remaining 55 SAEs can be found in Table II.

SAE associated determinants:

The comparative group was made up of 68 patients (57.6%): 36 had no AEs and 32 had 1 or several level 1 and 2 AEs. The significantly SAE associated variable was two-stage surgery with an odds ratio of 3.65 (CI 95% [1.11-11.94], p = 0.032). Obesity (body mass index [BMI] > 30), is close to significant with an odds ratio of 3.36 (CI 95% [0.9-12.51], p = 0.071).

Finally, coagulase negative Staphylococcus seems to be an SAE protecting factor with an odds ratio of 0.35 (CI 95% [o.12-0.99]; p = 0.047). Multivariate statistical analysis of all risk factors is presented in Table III.

Discussion:

We have noted that SAEs are frequent during prosthesis replacement, with an incidence of 34.7% in the 6 weeks following surgery. Our study describes all SAEs during medical-surgical prosthesis infection treatment, which has not been deeply investigated in the literature. A very recent study compared oral and intraveinal antibiotherapy for all types of OAIs, with or without material, treatment which was medical and at times surgical. Some authors also described SAEs which occurred within 6 weeks of the start of treatment. SAE incidence in these cases was 34.5% which concords with the frequency observed in our study [START_REF] Li | Oral versus Intravenous Antibiotics for Bone and Joint Infection[END_REF]. SAE types share certain characteristics. Most SAEs linked to medical care were due to patient comorbidity (49%), since their preexisting pathologies were decompensated by the complex OAI treatment. Elderly patients operated upon showed a greater number of comorbidities as compared to the rest of the population. Also, the literature records that medical-surgical treatment of prosthesis infections is more dangerous for patients 80 years of age and over, with significantly higher rates of mortality [START_REF] Jamakorzyan | Curative treatment of prosthetic joint infection in patients younger than 80 vs. 80 or older[END_REF]. This was not found in our study with a lack of significance concerning age. Among other medical SAEs, only 3 were linked to vein catheters (infection, thrombosis). This should, however, not lead to unnecessarily prolonged parenteral treatment.

SAEs linked to surgical treatment can be placed into 2 categories: hemorrhagic and orthopedic complications. Most were due to postoperative bleeding (81% of surgical SAEs). 30% of concerned patients were taking long-term curative anticoagulants, raising the problem of treatment management during perioperative periods and notably their possibly too precocious post-operative intake. There is, however, no real consensus regarding restarting anticoagulant treatment. As concerns surgery carrying a high degree of hemorrhagic risk, according to the French Anesthetist-Reanimation Society, direct oral intake of curative anticoagulants must begin within 24 to 72 hours. A venous anti-thrombotic prophylaxis must begin within 6 hours of surgery. As soon as hemostasis allows, curative anticoagulation (if recommended) by subcutaneous heparin injection should take place between 24 and 72 hours, replaced as soon as possible by antivitamin K and a halt to heparin as soon as the INR indicates a therapeutic state [START_REF] Albaladejo | Gestion des anticoagulants oraux directs pour la chirurgie et les actes invasifs programmés : propositions réactualisées du Groupe d'intérêt en hémostase périopératoire (GIHP) -septembre 2015[END_REF]. However, our study did not indicate a significantly higher number of hemorrhagic SAEs for the group taking long term anticoagulants. These post-operative hemorrhagic events represent 31.5% of all SAEs, making it possible to question anticoagulant prescriptions given the proportion of post-operative hematomas with, in certain cases, a need to re-operate. On the other hand, we have noted no thromboembolic complications. This leads us to hypothesize that the prescription of a preventive anticoagulant during the postoperative period for patients usually requiring a curative anticoagulant is sufficient (with the exception of patients having a mechanic cardiac valve).

Orthopedic SAEs, (non-hemorrhagic), make up 19% of the surgical SAEs. This can be explained by the fact that our center is a network of referral centers, so operated patients often have complex JPIs for which surgical intervention is difficult. Our study found no significant SAE difference between knee and hip exchanges.

Antibiotherapy linked SAEs occur at a rate close to that found in the study conducted by Valour et al. (12.7% vs 15%) [START_REF] Valour | Antimicrobial-Related Severe Adverse Events during Treatment of Bone and Joint Infection Due to Methicillin-Susceptible Staphylococcus aureus[END_REF], and are therefore not predominant in the proportion of SAEs. These medically adverse events are expected and known and have already been described in the literature: cytopenia, notably anemia under linezolid [START_REF] Hanai | A retrospective study of the risk factors for linezolid-induced thrombocytopenia and anemia[END_REF], rhabdomyolysis under daptomycin [START_REF] King | Daptomycin-induced rhabdomyolysis and acute liver injury[END_REF], cytolysis under rifampicin [START_REF] Devarbhavi | An Update on Drug-induced Liver Injury[END_REF], pancreatitis under cotrimoxazole [START_REF] Park | A case of recurrent pancreatitis induced by trimethoprimsulfamethoxazole re-exposure[END_REF]. These SAEs are sometimes due to strong doses prescribed during JPIs as is the case for amoxicillin with the appearance of acute kidney injury by crystalluria [START_REF]Rappel du bon usage de l'amoxicilline injectable pour diminuer le risque de cristalluries[END_REF].

We have identified a significantly associated factor in the appearance of SAEs: two-stage surgery and a significance lending factor: obesity. This is a known PJI risk factor aggravated even further with an elevated BMI [START_REF] Kunutsor | Patient-Related Risk Factors for Periprosthetic Joint Infection after Total Joint Arthroplasty: A Systematic Review and Meta-Analysis[END_REF]. Obesity is a growing public health problem and a factor in osteoarthritis, leading to prosthesis surgery, especially of the knee. It is also known that obesity aggravates the risk of surgical and anesthetic complications, increasing SAE frequency [START_REF] Gurunathan | Body mass index and in-hospital postoperative complications following primary total hip arthroplasty[END_REF]. In certain situations, however, prosthesis infection is a therapeutic emergency which does not give the patient enough time to lose weight before surgery. Patients suffering from obesity must take preventive measures before receiving their prosthesis. This parameter, in function of their BMI, presently represents a relative (BMI of between 30 and 40 kg/m 2 ) or absolute (BMI > 40 kg/m 2 ) prosthesis contraindication [START_REF] Feng | What modifiable and non-modifiable host factors contribute to an increased risk[END_REF].

The significance factor associated with SAE appearance in our study was 2-stage prosthesis exchange. Among the 50 patients suffering from SAEs, 45 (90%) underwent a 2-stage exchange and 5 (10%) underwent a 1-stage exchange. Predisposing factors are often a contraindication to 1-stage surgery according to certain authors: bad cutaneous state in view of the prosthesis, altered bone structure, complex microbiological results (unknown microorganism, high rate of resistance…) [START_REF] Lichstein | One-stage versus two-stage exchange[END_REF]. This explains the larger number of 2-stage surgeries in our study. Even if the success rate of 2-stage exchange is nearly 90% [START_REF] Lu | Infection after total knee arthroplasty and its gold standard surgical treatment: Spacers used in two-stage revision arthroplasty[END_REF], this surgery presents higher SAE risks since it concerns weaker and thus at-greater-risk patients. Since the choice of proceeding with 2-stage prosthesis exchange surgery is also influenced by difficult surgical conditions (acetabulum reconstruction, for example), the higher number of orthopedic SAEs is understandable. This has been verified in our study with an OR of 4.27% for this type of operation as opposed to a 1-stage surgery. In the measure where a recent meta-analysis demonstrated that the failure rate of 1-stage exchanges is quite similar to 2-stage exchanges [START_REF] Rowan | The Role of One-Stage Exchange for Prosthetic Joint Infection[END_REF], this treatment, which is a lesser source of SAEs, should be privileged for patients whose predisposition and classic PJI clinical presentation allow it.

Finally, coagulase negative Staphylococcus bacteriological evidence seems to be a protecting factor with regards to SAEs. Patients having PJI with this type of bacteria are younger, with less comorbidity. They received fewer anticoagulants and more often underwent 1-stage surgery.

As concerns the SAE rate in our study, the fact that patients were treated in 'last resort' referral centers should be taken into account. The same study undertaken in 'primary care' centers would thus probably not give the same results. The SAEs in this study are not negligible and should incite different practitioners (infectious disease specialists, orthopedic surgeons, and anesthetists) to analyze their patients' files very closely. The case of a patient who had already undergone several sepsis-complicated orthopedic operations or with SAE risk factors should thus be carefully analyzed and new surgery may end up being contraindicated.

Patient evaluation in the pre-operatory stage is essential and must best assess the operation's risk-benefit ratio. A scale of operatory scores would be an interesting concept as it can then establish, in the preoperational stage, the patient's status given his comorbidity and the clinical data concerning prosthesis infection and thus predict the outcome of surgery. This will allow for an appreciation of the riskbenefit ratio, so as to better define the most adapted treatment while diminishing the appearance of the SAEs which have such a devastating impact on these already-fragile patients.

The subject of this study has not been dealt with extensively in the literature. None have attempted to identify SAE associated factors, and only one recent publication described medical-surgical SAEs for all BJIs [START_REF] Li | Oral versus Intravenous Antibiotics for Bone and Joint Infection[END_REF]. A multicentric prospective cohort study would therefore be interesting to undertake in order to obtain a clearer image of SAEs and their determinants on the national scale. Finally, among the SAEs in this study, we have not included the 16 patients for whom their SAEs were linked to their BJI's evolution, since this was considered as 'uncontrollable' by medical-surgical treatment. If these treatment failures fill the definition of an SAE, they cannot be analyzed in the same way as the SAEs described in this work.

Conclusion:

SAE appearance is frequent during the 6 weeks following medicalsurgical treatment for knee or hip prosthesis infection, with implant exchange in either 1 or 2-stage operations. Medical SAEs are mostly linked to patient predisposition and comorbidity. The appearance of hemorrhagic accidents is the main surgical complication. The SAE associated factor is a 2-stage exchange operation and, to a lesser degree, obesity. This should encourage practitioners to offer, whenever possible, a 1-stage exchange operation. Obesity should be treated and prevented upstream, since this represents an infection risk and is significantly associated, according to our study, to SAE appearance. Precise pre-operatory patient evaluation is therefore necessary. A multicentric prospective cohort study could be undertaken in order to obtain a clearer evaluation of SAEs and their determinants. Also, starting from the latest and present data in the literature, a study attempting to establish an operability score with the possible appearance of an SAE as a main criterion would be helpful, since the use of such a tool in complex situations would constitute a decision-making aid. 

Level 1 :

 1 light, asymptomatic or with light symptoms, classical clinical diagnosis only, not requiring treatment. Level 2: moderate, requiring minimal local or non-invasive treatment, interfering with instrumental activites of daily living. Level 3: severe or medically significant, but without a vital prognostic or need of hospitalization or prolongation of hospitalization, invalidating, interfering with basic activities of daily living. Level 4: with a vital prognostic, requiring urgent medical care. Level 5: AE related death.

Table I :

 I Description of the patient population (n=118)

	Tobacco	10	4 (4)	6 (12)	0,247
	Variables Cardio-vascular	Total 47	SAE 24 (35)	SAE 23 (46)	p-0,242
	disease	n = 118	negative	positive	value
	Obesity (BMI > 30)	16	n = 68 (%) 6 (6)	n = 50 10 (20)	0,087
	Immunodeficiency /	42	22 (32)	(%) 20 (40)	0,785
	Gender Others*				
	Female Previous neoplasm	52 21	32 (47,1) 11 (16)	20 (40) 10 (20)	0,446 0,592
	Age Bacteriae				
	50-59 S. aureus	14 31	10 (14,7) 17 (23)	4 (8) 14 (30)	0,688 0,71
	60-69 NCS**	27 30	13 (19,1) 22 (32)	14 (28) 8 (16)	0,047
	70-79	41 14	24 (35,3) 5 (7)	17 (34) 9 (18)	0,09
	≥ 80 Enterobacteriaceae	33 30	20 (29,4) 17 (25)	13 (26) 13 (26)	0,90
	Operating stages Other microorganisms***	13	7 (10)	6 (12)	0,77
	1 stage Negative	23	18 (26)	5 (10)	0,031
	2 stages Culture	95	50 (73)	45 (90)	
	Prosthesis type				
	Hip *Others: chronic kidney failure, diabetes 73 40 (59)	33 (66)	0,428
	Knee (exchange ** NCS: coagulase negative Staphylococcus 45 28 (41)	17 (34)	
	and single *** Other microorganisms: streptococcus (n=8), enterococcus (n=6),
	compartment ) Gram positive bacillus (n=14), Candida (n=2)		
	Anticoagulants	28	17 (25)	11 (22)	0,705

Table II :

 II Description of severe adverse events (n=55)

	Types of adverse events	Number
	Medical	
	Cardio-pulmonary complications	
	Atrial fibrillation	2
	Myocardial heart failure	1
	Cardiac decompensation	2
	Respiratory distress	3
	Hypotension	1
	Infectious complications unlinked to	
	SAE	
	infection of catheter	3
	urinary infection	4
	aspiration pneumonia	1
	Neurological Complications	
	epilepsy	2
	acute confusion	1
	Un-medicated Acute kidney injury	3
	Hyponatremia, hypokalemia,	
	neutropenia	

Table III :

 III Determinants associated with severe adverse events in multivariate analysis (n=118 patients)

	Variables	OR	IC 95% p-value
	2-stage exchange	3,65	1,11 -11,94	0,032
	Obesity	3,36	0,9 -	0,071
			12,51	
	Coagulase negative	0,35	0,12 -	0,047
	Staphylococcus		0,99	
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