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Introduction

Controlling health care expenses is now a major concern for modern medicine throughout the world. Cost-effectiveness and economic impact studies have to be implemented gradually in order to be reproducible. In France, the ONDAM (national objective for healthcare spending) was created to regulate healthcare spending with the primary aim of reducing the pace at which expenditures are increasing [START_REF]Ministère des finances et des comptes publics D de la sécurité sociale[END_REF][START_REF]Cabinet du ministère des affaires sociales et de la santé[END_REF][START_REF]LOI n° 2003-1199 du 18 décembre 2003 de financement de la sécurité sociale pour 2004. 2003-1199 décembre[END_REF].

Reducing the length of hospital stays, time away from work and medical device costs has become a financial preoccupation for healthcare facilities, especially in the surgical field [START_REF] Roger | Factors associated with hospital stay length, discharge destination, and 30-day readmission rate after primary hip or knee arthroplasty: Retrospective Cohort Study[END_REF][START_REF] Reiter-Schatz | Medical devices used in digestive system surgical procedures: What's the cost?[END_REF].

Total hip replacement (THR) surgery is one of the most frequently performed procedures in France [START_REF] Caton | Typologie et épidémiologie des prothèses totales de hanche en France[END_REF], thus has major economic stakes. The average length of stay (ALS) has consistently decreased over the past 20 years, from 10.2 days in 2007 for a level 1 THR (GHM code 08C481; patient groupings for classification of hospital stays) to 5.3 days in 2018 [START_REF]MCO par GHM ou racine[END_REF]. Furthermore, the technical advances in medicine and surgery have made it possible to safely and regularly perform bilateral procedures simultaneously for THR [START_REF] Shao | Bilateral Total Hip Arthroplasty: 1-Stage or 2-Stage? A Meta-Analysis[END_REF][START_REF] Trojani | French Society forHip and Knee (SFHG). One-stage bilateral total hip arthroplasty: functional outcomes and complications in 112 patients[END_REF] and total knee replacement (TKR) [START_REF] Lévy | Early morbidity and mortality after single-stage bilateral total knee replacement[END_REF][START_REF] Jenny | Simultaneous bilateral total knee arthroplasty. A multicenter feasibility study[END_REF][START_REF] Boyer | Unilateral versus bilateral total knee arthroplasty: A registry study on survival and risk factors[END_REF].

The literature on the potential economic benefit of doing bilateral procedures simultaneously (one stage) is sparse [START_REF] Siedlecki | Complications and cost of singlestage vs. two-stage bilateral unicompartmental knee arthroplasty: A casecontrol study[END_REF], especially given the singularity of the French public welfare system and the setting of prices for public hospitals. However, the current coding scheme confers no advantage to performing several procedures at the same time, despite the potential human and financial cost savings. Hip resurfacing arthroplasty (HRA) is a newer technique for hip replacement that is a viable alternative for conventional THR [14] in younger patients. The survivorship and clinical outcomes are comparable to THR [START_REF] Amstutz | Hip resurfacing for osteonecrosis: two-to 18-year results of the Conserve Plus design and technique[END_REF][START_REF] Girard | Hip resurfacing before 50 years of age: A prospective study of 979 hips with a mean follow-up of 5.1 years[END_REF][START_REF] Gaillard | Gross TP Metal-on-metal hip resurfacing in patients younger than 50 years: a retrospective analysis[END_REF]. Since this procedure mainly targets physically active patients and those who are still working, an evaluation of the social and economic impact would be more relevant when the costs of the medical leave and rehabilitation are included.

Performing bilateral HRA in patients with symptomatic bilateral hip osteoarthritis (OA) during a single hospital stay is theoretically less costly, thus justified from a viewpoint of controlling health care spending [START_REF] Nam | The safety and efficacy of one-stage bilateral metal-on-metal hip resurfacing arthroplasty[END_REF][START_REF] Van Der Straeten | The 2012 Otto Aufranc Award: The interpretation of metal ion levels in unilateral and bilateral hip resurfacing[END_REF], although we have not found this information in the literature. This led us to carry out a retrospective case-control study to measure the economic impact on healthcare spending of performing bilateral HRA either in one stage or two stages. The goals were to determine whether 1) a one-stage procedure will result in lower expenditures for the health care system (hospitalization, rehabilitation and medical leave) than a two-stage procedure, 2) the procedure will be equally safe for the patient, whether performed in one stage or two. We hypothesized that one-stage bilateral HRA is less costly for the healthcare system than two-stage HRA.

Materials and methods

Patients

This was a retrospective, single-center, descriptive, analytical study including all the patients who underwent bilateral HRA with a ConservePlus™ implant (Wright Medical Technology) performed by a single experienced surgeon and who had at least 18 months' follow-up.

The procedure was carried out either during a single hospital stay (Group 1) or during two hospital stays, no matter the interval between the two procedures (Group 2). For the one-stage procedure, this option was offered to patients with equally symptomatic hip OA on both sides and with the agreement of the anesthesiologist on the basis of the patient's general health with preoperative hemoglobin > 10 g/dL.

In all, 142 patients (284 HRA cases) were included in the analysis (Figure 1). Group 1 (one stage) consisted of 57 patients; 1 patient died at 23 months postoperative for reasons unrelated to the surgical procedure and 3 were lost to follow-up. Thus, the analysis was done on 53 patients (44 men [83%] and 9 women [17%]) of which 3 required reoperation: 1 implant revision for femoral head collapse, 1 debridement-lavage due to hematoma and 1 bilateral arthrolysis due to heterotopic ossification.

Group 2 (two stage) consisted of 85 patients; 1 patient died at 36 months postoperative for reasons unrelated to the surgical procedure and 7 were lost to follow-up. Thus, the analysis was done on 77 patients (58 men [75%] and 19 women [25%]) of which 2 required reoperation to drain a hematoma. To compare the hospital stays, Group 2 was separated into Group 2a (1 st procedure) and Group 2b (2 nd procedure). The mean interval between the two procedure was 19.76 ± 19.40 months.

In the entire study population, the mean age was 48.69 ± 10.08 (21-71) years with a mean follow-up of 58.18 ± 24.31 (20-121) months (Table 1).

Cost analysis

We set the total cost to health insurance as the sum of the costs of hospitalization (adjusted based on the cost of the implantable medical devices [IMD]), medical leave and rehabilitation. The drug costs were trivial in this context and could not be evaluated accurately.

Hospital costs

To estimate the true costs to health insurance of each hospital stay, we used the database of pricing scales specific to the Lille University Hospital, which is a pilot center for the creation and annual updating of the French national cost scale (ENC) of the Agency for Information on Hospital Care in France (ATIH). In this database, the relevant GHM codes (Homogeneous Group of Patients according to pathology and severity of co-morbidities) (08C481 to 08C484) were those labelled under the headings "Hip arthroplasty for conditions other than recent fractures" with four levels of severity no matter the type of arthroplasty.

Each GHM code has a cost that consists of the clinical expenditures, medicaltechnical expenditures, logistics and general management, medical logistics, direct costs (in which the cost of the IMD -here the hip implant -is included) and the institution fees. One ALS is attached to each GHM code. We used the ENC when the local cost scale was not available (Table 2). The local cost scale was provided to us by the Hospital's revenue and billing office. The cost of the implants billed to health insurance was gathered from our central pharmacy. The length of stay was gathered from the physician in charge of the medical informatics department at our hospital. In the end, we applied the following formula:

True cost = (Reference cost -Reference IMD) x true ALS + true IMD Reference ALS

where ALS: Average Length of Stay, IMD: Implant Medical Device cost

Medical leave cost

The time away from work (medical leave) and the occupation were collected from each patient during an in-office visit, by telephone or by email. Students and retirees were not included in the calculation of medical leave costs and duration; there were no unemployed patients. Calculation of the daily allowance for the medical ____ 7 leave was done using the rules applied by health insurance [START_REF] Ameli | L'arrêt de travail pour maladie[END_REF]. We used the mean annual gross salary in the occupational categories defined by the French National Institute of Statistics and Economic Studies (INSEE) [START_REF]Insee -Salaires nets annuels moyens par CSP (postes à temps complet)[END_REF] to yield a gross daily salary that we then multiplied by the number of days away from work.

Rehabilitation and physiotherapy costs

The extra-hospital cost of postoperative physiotherapy combined the cost of physiotherapy sessions and any costs associated with post-acute rehabilitation (PAR) care (with the patient being an inpatient or outpatient). We then used the PAR ENC [START_REF]MCO par GHM ou racine[END_REF] to calculate the costs of the PAR centers (in patient or outpatient). As for the physiotherapy done at private clinics or at home, these had to be preapproved by the health insurance and the number was sessions was unlimited. Thus, all the patients were reimbursed at a 60% rate (90% for Alsace-Moselle) for the physiotherapy sessions (standard rate for procedures done by a physiotherapist of €2.15

(metropolitan France)) [START_REF]Avenant à la convention nationale destinée à organiser les rapports entre les masseurs-kinésithérapeutes et les caisses d'assurance maladie[END_REF].

Perioperative medical evaluation

All the data was compiled in each patient's personalized medical record using the Diane anesthesia follow-up software (Bow Medical, 43 avenue d'Italie, Amiens, France). We used the physical status scale (1 to 6) of the American Society of Anesthesiology to evaluate the preoperative risk level [START_REF] Saklad | Grading of patients for surgical procedures[END_REF]. General anesthesia and spinal anesthesia were proposed to all patients. The choice was up to the patient after consulting with the anesthesiologist.

Some patients received immediate postoperative regional anesthesia by a femoral nerve block (Naropeine® 20mL 0.2% + clonidine + 10 mg morphine) or by a continuous periarticular diffusion catheter (Naropeine® 80ml 0.2%) using a selfdiffusing elastometric pump (equal to an 0.175% autopulse syringe, speed 6 ml/hr.)

for the first 24 hours. The decision on which one to use was made jointly by the surgeon and anesthesiologist. All patients had 40 ml Ropivacaine 0.2% injected into their joint capsule, trochanteric bursa and subcutaneous tissues.

The duration of postoperative in-hospital narcotic analgesic use was recorded.

For all patients, this consisted of an IV phase first then a per os phase if necessary (Actiskénan®, Ethypharm, Grand Quevilly, France).

The intraoperative blood loss (into sterile drapes or aspiration) was added to the postoperative loss (suction drain). The hemoglobin level was based on the sample collected the day before the procedure. Transfusion of packed red blood cells and the operative time were recorded. We recorded all the immediate and mediumterm postoperative medical and surgical complications.

Statistical analysis

Qualitative variables were described by their counts and percentage. The distribution of the quantitative parameters was determined graphically and using the Shapiro Wilk test.

Comparisons between the two groups were done using the Chi-square test or the Fisher's exact test (depending on sample size) for the qualitative variables, using the ANOVA for quantitative variables that are normally distributed and using the Kruskal Wallis if not.

Pairwise comparisons were performed when the above tests were statistically significant and a Bonferroni or Dwass-Steel-Critchlow-Fligner correction was applied.

Comparisons of the two patient groups (Group 1 versus Group 2) was performed with a Chi-square test or a Fisher exact test for the qualitative variables, and with a Student's t test or Mann-Whitney test for quantitative variables. Comparisons of the time away from work and the duration of rehabilitation by occupational category were done with the Kruskal Wallis test.

The significance threshold was set at 5%. The statistical analysis was performed with SAS software (version 9.4, Cary, NC, USA). There were no missing data for the primary outcome (total cost) and its subcategories since all patients provided their time away from work and rehabilitation information. The duration of hospital stay data was exhaustive. Patients who did not respond were considered as lost to follow-up and were excluded from the analysis. All patients who responded provided the data needed to calculate the main outcome measure. As for the perioperative assessment, missing data mainly impacted the blood loss or preoperative hemoglobin levels and made up about 2% in Group 1 and 9% in Group 2. The procedures impacted by missing data were excluded from the statistical analysis.
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Results

Costs and durations

The total cost was higher for Group 2 (€17,631.59 ± 7042.7 versus €15,053.85 ± 7296.9 (p = 0.0101)) although Group 1 had a higher cost than Group 2a or 2b taken separately (€15,053.85 ± 7296.9 versus €9,307.10 ± 4241.12 and €8,539.08 ± 3987.04 (p < 0.001)) (Table 3). The cost and duration of hospitalization are listed in Table 4.

The rehabilitation cost and duration were significantly higher in Group 2 than in Group 1 (€453.32 versus €367.74 and 103.56 days versus 92.09 days (p < 0.0001))

while Group 1 had a higher cost and duration than Group 2a or 2b taken separately (€367.74 versus €193.56 for 2a and 2b, 92.09 days versus 53.77 and 49.79 days (p < 0.001)) (Table 5).

The cost and duration of the medical leave are listed in Table 6. There was no significant difference between Groups 1 and 2. However, there was a significant difference between Group 1 and the 2a and 2b subgroups, in favor of the subgroups.

Moreover, there was no correlation between the duration of the medical leave and the occupational category.

Note that 14 patients in Group 1 (26%) and 10 patients in Group 2 (13%) underwent rehabilitation at a PAR facility; this difference was not significant.

Perioperative data

The anesthesia methods, operative time and duration of narcotic analgesic use are listed in Table 7. Changes in hemoglobin level and the blood loss are shown in Table 8. There was a significant difference between Group 1 and Groups 2a and 2b in the ΔHb (Hb pre-op to Hb post-op) and the total blood loss; both variables were higher in Group 1. There was no significant difference between these two groups in terms of the total blood loss (sum of both hospital stays): 738.08 ± 362.62 mL versus 921.6 ± 450.31 mL (p = 0.2644).

Complications

Taking implant revision for any reason as the index event, the survivorship was 99.2% (95% CI: 97.8-99.4) in Group 1 and 100% in Group 2 at 6 years' follow-up.

There were three complications in Group 1: one implant revision (femoral collapse), one hematoma was drained, one bilateral arthrolysis (heterotopic ossifications). Two patients in Group 2 had a hematoma that required draining. Medical complications in Group 1 consisted of decompensation of a pre-existing disease (intestinal occlusion) in one patient. In group 2, one patient had a non-complicated urinary infection, one had an uncomplicated pulmonary infection, two had phlebitis without pulmonary embolism and one had decompensation of a pre-existing disease (type 2 diabetes).

There was no significant difference between groups given the small number of adverse events and the small group sizes.

Discussion

This study shows that bilateral HRA during a single hospital stay is less costly in terms of public health expenditures than when it is done over two hospital stays.

This happens without increasing the complication rate or altering the survival curve, thus does not change the safety of the treatment for patients, which confirms our hypothesis.

The orthopedic literature on the economic impact of its practices is spare. Cost studies in France are a novel topic [START_REF] Klouche | Total hip arthroplasty revision due to infection: a cost analysis approach[END_REF][START_REF] Epinette | Cost-effectiveness model comparing dual-mobility to fixed-bearing designs for total hip replacement in France[END_REF][START_REF] Dervaux | Stakes and methods in economic evaluation[END_REF][START_REF] Lernout | Cost analysis in total hip arthroplasty: experience of a teaching medical center located in Paris[END_REF][START_REF] Schmidt | Hospital Cost of Staphylococcal Infection after Cardiothoracic or Orthopedic Operations in France: A Retrospective Database Analysis[END_REF][30]. The aims and methods used vary, making it difficult to standardize these calculations and the data to retrieve. Markovian probabilistic models are relevant and useful for estimating the cost-effectiveness ratio and potential annual overall benefit of a certain type of procedure, thus could be used in future orthopedics studies [START_REF] Epinette | Cost-effectiveness model comparing dual-mobility to fixed-bearing designs for total hip replacement in France[END_REF][START_REF] Seol | Postoperative complications and costeffectiveness of simultaneous and staged bilateral total hip arthroplasty using a modified minimally invasive two-incision technique[END_REF][START_REF] Martin | A cost analysis of single-stage bilateral versus two-stage direct anterior total hip arthroplasty[END_REF][START_REF] Tan | Total hospital cost, length of stay, and complications between simultaneous and staged bilateral total hip arthroplasty[END_REF][START_REF] Malahias | Simultaneous bilateral minimally invasive total hip arthroplasty: A comprehensive review of the literature[END_REF][START_REF] Bozic | Do the potential benefits of metal-on-metal hip resurfacing justify the increased cost and risk of complications?[END_REF][START_REF] Heintzbergen | Cost-utility of metal-on-metal hip resurfacing compared to conventional total hip replacement in young active patients with osteoarthritis[END_REF][START_REF] Leemrijse | Hallux valgus surgery in 2005. Conventional, mini-invasive or percutaneous surgery? Uni-or bilateral? Hospitalisation or one-day surgery[END_REF][START_REF] Amstutz | Are there benefits to one-versus two-stage procedures in bilateral hip resurfacing?[END_REF]. However, these were not suitable or feasible for our study given its descriptive and retrospective design.

Our study found that the total cost to health insurance was higher by an average of €2494.1 in the two-stage group (mean €19,335 ± 7296.9) relative to the one-stage group (mean €16,840.9 ± 7042.7). Similar results were reported in studies performed in other countries, such as for bilateral anterior THA in Canada [START_REF] Martin | A cost analysis of single-stage bilateral versus two-stage direct anterior total hip arthroplasty[END_REF] and a single-stage minimally invasive THA review of literature in Thailand [START_REF] Malahias | Simultaneous bilateral minimally invasive total hip arthroplasty: A comprehensive review of the literature[END_REF]. Of note, the costs and distribution in those studies were fairly close, even though the health care system and reimbursement scheme are very different.

The hospitalization and rehabilitation costs and their durations had similar trends: longer and costlier in the two-stage group. The hospitalization-related costs made up more than 70% of expenditures (about 69% in group 1 and 76% in group 2)

and those of rehabilitation made up about 2.5% (practically the same in both groups), which was less than €100 per patient on average.

The medical leave costs were not insignificant (between 22% and 28%), although the lack of difference between groups is somewhat surprising. This is likely because our study did not have enough statistical power, as detailed in the limitations section. However, there was a distinct trend in favor of the one-stage group (lower duration and cost) like for the other criteria, which suggest that one-stage bilateral HRA in a younger population allows fast return to work. The costs of the complications (medical and surgical) was not included in the calculation of the total cost given the very low incidence and the lack of significant differences between the two groups, given the cost analysis was not very accurate or relevant.

Similar results have been reported in other studies in terms of length of hospital stay and faster recovery for one-stage surgeries [START_REF] Trojani | French Society forHip and Knee (SFHG). One-stage bilateral total hip arthroplasty: functional outcomes and complications in 112 patients[END_REF][START_REF] Jenny | Simultaneous bilateral total knee arthroplasty. A multicenter feasibility study[END_REF][START_REF] Tan | Total hospital cost, length of stay, and complications between simultaneous and staged bilateral total hip arthroplasty[END_REF]. Note that the ALS for group 1 was slightly longer than the average in France. Subgroups 2a and 2b

were comparable to the national average, although this average is based on all arthroplasty procedure (vast majority are unilateral), with no national data on bilateral procedures available [START_REF]MCO par GHM ou racine[END_REF]. Conversely, we did not find comparable and relevant data for the medical leave.

The safety of one-stage versus two-stage procedures has long been debated.

Our findings are like those of other studies, with comparable perioperative comorbidities and complications [START_REF] Seol | Postoperative complications and costeffectiveness of simultaneous and staged bilateral total hip arthroplasty using a modified minimally invasive two-incision technique[END_REF][START_REF] Aghayev | Simultaneous bilateral hip replacement reveals superior outcome and fewer complications than two-stage procedures: a prospective study including 1819 patients and 5801 follow-ups from a total joint replacement registry[END_REF]. Note that these similar risks apply only to a young and relatively healthy population [START_REF] Jenny | Simultaneous bilateral total knee arthroplasty. A multicenter feasibility study[END_REF][START_REF] Siedlecki | Complications and cost of singlestage vs. two-stage bilateral unicompartmental knee arthroplasty: A casecontrol study[END_REF]14].

Our study has several limitations: 1) The single-center nature of our study with a single experienced surgeon (and very low complication rate) is a limitation of our study. While the population selected made up more than 85% of the patients who underwent bilateral HRA in France, we cannot extrapolate the benefits achieved to other practitioners for this relatively rare and technically complicated procedure. This contributes to a center effect and recruitment bias given the profile of the eligible population (young) which likely contributed to the low complication rate [START_REF] Parvizi | Onestage bilateral total hip arthroplasty compared with unilateral total hip arthroplasty: a prospective study[END_REF][START_REF] Tarity | Ninety-day mortality after hip arthroplasty: a comparison between unilateral and simultaneous bilateral procedures[END_REF]. 2)

Collection of data that directly or indirectly contributed to the primary outcome measure (duration and costs of rehabilitation or medical leave) was impacted by the patient's assessment and involved recall bias. No reliable data exists that can be consulted due to confidentiality requirements of the national health insurance office.

This retrospective data collection could be influenced by the patient's occupational category, although no correlation was found between the duration of medical leave and occupation. Thus, the estimate of medical leave costs was empirical and based on official mean salaries, making the results an approximation of the true costs.

3)

The study's statistical power was not calculated, given its retrospective nature and the "low" number of patients relative to other hip arthroplasty procedures. The number of bilateral HRA cases included was consistent with studies published in other countries [START_REF] Amstutz | Are there benefits to one-versus two-stage procedures in bilateral hip resurfacing?[END_REF]. 4) An attrition bias is also possible because there was no randomization. The decision to undergo the procedure in one or two stages was mainly up to the patient. The interval between the two stages for Group 2 patients varied and may have impacted the postoperative course (like the duration of rehabilitation and medical leave). 5) Our use of a local cost scale makes it difficult to extrapolate the findings to the national scale and was focused on the overall costs of hip arthroplasty, not specifically HRA. 6) The prices set by the French Social Security are not always the true costs. Comparisons with other countries are difficult to make because the calculation methods and reimbursement rates are different.

Nevertheless, our cost analysis used local, detailed, exhaustive and official scales for hospitalizations, which makes up most of the costs, ensuring the results are reliable.

The medical leave costs could not be evaluated any more precisely given patient confidentiality regulations; however, since the approximations were applied equally to all the groups, this should not bring our findings into question.

In contrast, the current study had several strengths: 1) The two groups were comparable, limiting the confusion bias. 2) All patients were operated by the same experienced surgeon, which limits the learning bias and differences related to different surgical techniques, thus the internal validity was not altered.

3) The large share of bilateral HRA procedures studied in this period (more than 85%) and the studied population being representative of the candidate patients (rather young, active patients in good health) for this type of surgical procedure contribute to good external validity for this surgical indication. The clinical outcomes and functional improvement after HRA were comparable to that after THA in younger patients (in our study and consisted with other published studies [START_REF] Amstutz | Hip resurfacing for osteonecrosis: two-to 18-year results of the Conserve Plus design and technique[END_REF][START_REF] Girard | Hip resurfacing before 50 years of age: A prospective study of 979 hips with a mean follow-up of 5.1 years[END_REF][START_REF] Gaillard | Gross TP Metal-on-metal hip resurfacing in patients younger than 50 years: a retrospective analysis[END_REF][START_REF] Nam | The safety and efficacy of one-stage bilateral metal-on-metal hip resurfacing arthroplasty[END_REF]) while the complication rate was very low in our study (thus comparable to bilateral THA in young active patients [START_REF] Aghayev | Simultaneous bilateral hip replacement reveals superior outcome and fewer complications than two-stage procedures: a prospective study including 1819 patients and 5801 follow-ups from a total joint replacement registry[END_REF]). We believe that this reduction in economic impact could be transposed to all one-stage bilateral hip arthroplasty procedures in young patients, as long as studies ____ 13 evaluating the economic impact and cost-effectiveness ratio are conducted properly and truly representative.

Our study provides evidence that one-stage bilateral HRA is economically relevant for the French healthcare system. However, there is an important paradox in the French system, since the current institution fees do not encourage hospitals (public or private) and practitioners to perform bilateral procedures in a single session as proposed by Leemrijse et al. [START_REF] Leemrijse | Hallux valgus surgery in 2005. Conventional, mini-invasive or percutaneous surgery? Uni-or bilateral? Hospitalisation or one-day surgery[END_REF] for hallux valgus surgery. In fact, the reimbursement rates are higher for a two-stage bilateral procedure. This institution fee does not appear to capture the benefits that one-stage bilateral surgery can provide for patients and health insurance.

Conclusions

Our study shows that the costs to the national health insurance system for bilateral HRA is lower when it is done as a one-stage procedure (one hospital stay only) than as a two-stage procedure (two hospital stays with a variable interval between them). Our findings our consistent with studies published in other countries in terms of safety and perioperative morbidity for this type of procedure.

In patients with symptomatic bilateral hip osteoarthritis who are eligible for HRA, offering this type of procedure in a single surgical session will optimize the health care expenses while yielding similar outcomes. No matter what, patient safety and functional outcomes are the key to surgical progress, like for one-stage bilateral procedures, before any economic or financial aspects are considered.

While HRA makes up a small share of hip arthroplasty procedures, and the surgeon's experience with HRA is critical, we believe our findings will encourage other teams to carry out studies evaluating the economic impact or cost-effectiveness (using Markovian models for example) of bilateral one-stage orthopedic procedures.

We believe the institution fee for bilateral one-stage surgical procedures should be enhanced. 
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 1 Figure 1: Study flow chart for inclusions

Table 1 .

 1 Epidemiological data for the two groups.

	Group 1	Group 2	p value
	n=53	n=77	

Table 2 .

 2 Costs (€) and average length of stay (ALS) for hospitalization at the Lille University Hospital per year. *Years 2006 and 2014 correspond to the French national cost scale

	Year	Hip arthroplasty -Level 1	Hip arthroplasty -Level 2
		Full cost,	ALS (days)	Full cost,	ALS (days)
		excluding		excluding	
		building (€)		building (€)	
	2006*	6998	10.2	7639	11.6
	2007	7432	8.34	8264	9.86
	2008	6633	7.98	8122	8.69
	2009	6276	7.4	7742	9.5
	2010	6517	7.2	9074	9.7
	2011	7150	7.4	8657	11
	2012	6993	7.31	8889	9.23
	2013	6991	6.92	7748	7.44
	2014*	6781	7.4	7376	8.6
	ALS: Average length of stay			

Table 3 .

 3 Comparison of total costs between groups

	Total cost (€)

Median (1 st quartile -3 rd quartile) [minimum -maximum]. ¶ group with this highest cost

Table 4 .

 4 Comparison of hospital costs and average length of hospital stay (ALS) between groups

			Hospitalization cost (€)	Hospitalization time
				(days)
	Group 1	10344.70 (9389.84-11223.36)	9.83 ± 2.19 (6-20)
			[7058.10-20879.60]	
		Total	13327.15 (12047.07-14606.24)	15.04 ± 3.15 (10-30)
			[9592.19-22552.47]	
	Group 2	Group 2a	6912.24 (6133.68-7562.52)	7.93 ± 1.75 (5-14)
			[4534.77-10813.92]	
		Group 2b	6557.29 (5960.28 -7249.76)	7.25 ± 2.14 (5-21)
			[4537.77-15365.88]	
	Group 1 vs ¶ Group 2 (p)	<0.0001	<0.0001
	¶ Group 1 vs Group 2a (p)	<0.0001	<0.0001
	¶ Group 1 vs Group 2b (p)	<0.0001	<0.0001
	Group 2a vs Group 2b (p)	0.09	0.11
	Median (1 st quartile -3 rd quartile) [minimum -maximum] for the costs	
	Mean ± SD (min;max) for ALS. ¶ group with highest cost or longest stay	

Table 5 .

 5 Comparison of rehabilitation costs and duration between groups

			Rehabilitation cost (€)	Rehabilitation duration
				(days)
	Group 1		367.74 (245.16 -4323.73)	92.09 ± 111.80
			[0-14766]	(15-780)
		Total	453.32 (221.10-3126.15)	103.56 ± 94.16
			[0 -22472.10]	(0-720)
	Group 2	Group 2a	193.56 (145.17-290.34)	53.77 ± 43.13
			[0-11236.05]	(0-365)
		Group 2b	193.56 (116.14-290.34)	49.79 ± 43.84
			[0-11236.05]	(0-365)
	Group 1 vs ¶ Group 2 (p)	<0.0001	<0.0001
	¶ Group 1 vs Group 2a (p)	<0.0001	<0.0024
	¶ Group 1 vs Group 2b (p)	<0.0001	<0.0002
	Group 2a vs Group 2b (p)	0.59	0.53
	Median (1 st quartile -3 rd quartile) [minimum -maximum] for the costs	
	Mean ± SD (min;max) for rehabiliation duration. ¶ group with highest cost or longest stay

Table 6 .

 6 Comparison of costs of medical leave and duration between groups

			Medical leave cost (€)	Medical leave duration
				(days)
	Group 1		2706.53 (1561.60-5182.56)	67.15 ± 50.36
			[0-10935]	(0-180)
		Total	3478.96 (1458-5811.46)	97.89 ± 108.39
			[0-41641.50]	(0-730)
	Group 2	Group 2a	2121.01 (601.20-3236.76)	7.93 ± 1.75
			[0-20550.96]	(5-14)
		Group 2b	1569.10 (0-2595.24)	7.25 ± 2.14
			[0-21090.54]	(5-21)
	Group 1 vs ¶ Group 2 (p)	0.6361	0.1933
	¶ Group 1 vs Group 2a (p)	0.0383	0.1546
	¶ Group 1 vs Group 2b (p)	0.0020	0.0118
	Group 2a vs Group 2b (p)	0.5228	0.5133
	Median (1st quartile -3rd quartile) [minimum -maximum] for the costs
	Mean ± SD (min;max) for medical leave duration. ¶ group with highest cost or longest stay

Table 7 .

 7 Comparison of anesthesia methods, operative time and duration of postoperative narcotic analgesics use between groupsMean ± SD (min; max) for the operative time and duration of postoperative narcotics use. ¶ group with the longest operative time NR: Not recorded since no statistical analysis performed (not relevant), descriptive data only

		Type of	Additional regional	Operative time	Postoperative
		anesthesia	anesthesia (n)	(min)	narcotics use
		(n = number				(days)
		general/spinal)	Femoral	Elastometric		
			block	pump		
	Group 1	53/0	3	3	113.94 ± 18.98	2.87 ± 1.70
					(83-181)	(1-8)
	Group 2a	68/9	1	2	64.26 ± 12.78	2.83 ± 1.56
					(41-105)	(2-9)
	Group 2b	73/4	5	2	59.29 ± 13.47	2.56 ± 1.04
					(41-126)	(2-7)
	Group 1 vs ¶	NR		NR	0.0048	<0.0001
	Group 2 (p)					
	¶ Group 1 vs	NR		NR		
	Group 2a (p)				<0.0001	0.7350
	¶ Group 1 vs	NR		NR		
	Group 2b (p)				<0.0001	0.7350
	Group 2a vs	NR		NR		
	Group 2b (p)				0.0138	0.5335

Table 8 :

 8 Comparison of blood loss and hemoglobin levels (preoperative and change Δ) between groupsMean ± SD (min;max) for preoperative Hb, ΔHb and total blood loss. ¶ group with most total blood loss NR: Not recorded since no statistical analysis performed (not relevant), descriptive data only

		Exacyl®	Transfusion	Hb preop	ΔHb (g/dL)	Total blood loss
		(patients)	(patients)	(g/dL)		(mL)
	Group 1	35	2	14.92 ± 1.03	3.38 ± 2.12	738.08 ± 362.62
				(12.5-17)	(1-5.6)	(220-2200)
	Group 2a	6	0	14.64 ±	2.10 ± 2.70	463.85 ± 204.89
				1.17(10.8-	(1.2-6.2)	(140-1310)
				17.2)		
	Group 2b	4	2	14.59 ± 1.18	2.24 ± 2.42	457.75 ± 245.42
				(11-17.3)	(1.3-6.0)	(100-1400)
	Group 1 vs ¶	NR	NR	NR	<0.0001	<0.0001
	Group 2 (p)					
	¶ Group 1 vs	NR	NR	0.458		
	Group 2a (p)				<0.0001	<0.0001
	¶ Group 1 vs	NR	NR	0.398		
	Group 2b (p)				<0.0001	<0.0001
	Group 2a vs	NR	NR	0.496		
	Group 2b (p)				0.3677	0.6755
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