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Fast track protocol for primary total hip arthroplasty in non-trauma cases reduces the length of hospital stay: Prospective French multicenter study
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readmitted to the hospital within 90 days of the THA versus 11,092 (11%) in the national database (p < 0.001). Eighteen patients (1.6%) were reoperated within 90 days of the THA procedure versus 2,100 (2.0%) in the national database (p = 0.72).

Discussion

FT procedures help to significantly reduce the average LOS and rehospitalization rate after primary THA for non-traumatic conditions and significantly increased the percentage of patients being discharged directly to home relative to national historical data, without altering the risk of reoperation. FT procedures should become the standard of care after THA.

Level of evidence: III; prospective case-control study

ABSTRACT

Background

Fast-track (FT) procedures continue to evolve; however, their benefits are still controversial. This led us to conduct a prospective study of FT procedures for total hip arthroplasty (THA) on a national scale in France with historical control data. The aims were to 1) evaluate the effectiveness of FT procedures after THA on the length of hospital stay (LOS) in a multicenter analysis, 2) measure the immediate return to home, rehospitalization and reoperation rates.

Hypothesis

FT procedures reduce the LOS after primary THA for non-traumatic indications relative to national historical data.

Methods

A prospective observational study was done at 11 hospital facilities throughout France.

Patients who underwent primary THA for a non-traumatic condition and FT procedures were followed for 3 months. The average LOS, discharge to home, unexpected readmissions, and reoperation rate were compared to 2016 figures from the French national database of 104,745 procedures on the same population.

Results

The study included 1,110 patients, 499 men (45%) and 611 women (55%), with a mean age of 67.5 ± 11.9 years. The average LOS was 3.3 ± 2.9 days versus 7.5 ± 5.3 days in the national database (p < 0.001). Eight hundred eighty patients (79%) were discharged directly to home versus 72,577 (69%) in the national database (p < 0.001). Forty-two patients (4%) were

Introduction

The optimal postoperative rehabilitation protocol after total hip arthroplasty (THA) is still controversial. Contrary to historical caution about resuming walking, moving and returning to home [START_REF] Berger | Newer anesthesia and rehabilitation protocols enable outpatient hip replacement in selected patients[END_REF], alternate protocols have been developed to simplify the rehabilitation, shorten the length of hospital stay (LOS) and improve the functional outcomes [START_REF] Husted | Fast track in total hip and knee arthroplasty -experiences from Hvidovre University Hospital, Denmark[END_REF][START_REF] Husted | Reduced length of stay following hip and knee arthroplasty in Denmark 2000-2009: from research to implementation[END_REF][START_REF] Maempel | Enhanced recovery programmes after total hip arthroplasty can result in reduced length of hospital stay without compromising functional outcome[END_REF].

These new procedures are grouped under the heading "fast-track (FT) protocols" [5], although the exact indications and limitations have not been clearly defined. The aims of this study were to 1) evaluate the effectiveness of FT procedures after total hip arthroplasty (THA) on the LOS in a multicenter analysis and 2) measure the immediate return to home, rehospitalization and reoperation rates, comparing them to national historical data. The hypothesis was that FT procedures will significantly reduce the LOS after primary THA for non-traumatic indications relative to hospital stays recorded in French national databases for the same homogeneous group of patients (GHM).

Material and methods

Study design

This was a prospective observational study conducted on a national scale in France. It complied with the recommendations of the Helsinki declaration and was approved by the Ethics Committee of the Strasbourg Hospitals (file No. 2016-47). All the participating sites were selected on a volunteer basis. These hospitals had been using FT procedures for THA before this study; the hospitals' respective protocols were not modified for this study.

Patients

All patients who underwent primary unilateral THA for a non-traumatic indication (hospital stays with procedure codes NEKA020/NEKA012/NEKA014, add-on list 08C49x/08C47x/08M04x/08M05x) by the participating surgeons at the 11 research sites

between October 2016 and October 2017 were eligible for the study after having provided their informed consent. Patients were excluded from the study if they refused to participate in the study or could not be discharged directly to home for purely medical reasons. All the patients were included in the hospitals' FT procedures. The study included 1,110 patients (Figure 1), 499 men (45%) and 611 women (55%), with a mean age of 67.5 ± 11.9 years (min (multiple joints involved).

Our cohort was compared to French national data for THA using the same GHM codes available from the French agency for information on hospital care (ATIH) for the year 2016 [START_REF]Base nationale PMSI-MCO, Agence technique de l'information sur l'hospitalisation[END_REF]. This database included 104,745 patients, 47,175 men (45%) and 57,570 women (55%), with a mean age of 69.3 ± 11.6 years. There are no BMI, ASA, functional scores, or surgical data in this database. There was a significant difference in the mean age of our cohort and the national database (mean difference 1.8 years, p = 0.001) but not for the sex ratio (p = 0.98).

Methods

An anterior approach was used in 246 patients (22%), anterolateral in 348 patients (32%) and posterior in 498 patients (45%). The choice of surgical approach was left up to the surgeon.

Most implants were inserted without cement (680 cases, 69%). A drain was left in place in 333 cases (30%). Peri-articular injection of local anesthesia (mainly Ropivacaine) was done in 1043 patients (94%). The common aspects of these FT procedures were use of multimodal perioperative analgesia [START_REF] Beverly | Essential elements of multimodal analgesia in enhanced recovery after surgery (ERAS) guidelines[END_REF][START_REF] Golladay | Oral multimodal analgesia for total joint arthroplasty[END_REF], early ambulation (within 24 hours of procedure) [START_REF] Guerra | Early mobilization of patients who have had a hip or knee joint replacement reduces length of stay in hospital: a systematic review[END_REF] and free rehabilitation with no limitations placed on the joint range of motion or weight bearing.

Antithrombotic prophylaxis consisted of low molecular weight heparin in 910 patients (82%)

and direct oral anticoagulants in 200 patients (18%). Discharge was allowed when the patients could walk alone with their pain under control; direct discharge to home was preferred [START_REF] Gholson | Can we predict discharge status after total joint arthroplasty? A calculator to predict home discharge[END_REF].

Measurement methods

The usual perioperative information was recorded, in particular the LOS and discharge destination. All patients were contacted 3 months after the THA procedure and asked to return to the clinic for a new clinical examination and radiological work-up. The MDP and Oxford scores were determined again. During the follow-up period, there was focus on documenting all complications, especially those that could be related to the FT procedures protocol, and all non-scheduled readmissions and reoperations.

The primary endpoint for the study was the average LOS. The secondary endpoints were the percentage of patients who were directly discharged to home, unexpected readmissions within 90 days of the THA and reoperations within 90 days of the THA procedure.

Statistical analysis

Our study data were compared to those taken from the French national database in the year 2016 for the same GHM codes [ 

Results

The average LOS in the study group was 3.3 ± 2.9 days (min 1, max 35), while that of the national database was 6.3 ± 4.1 days (min and max not available) (p < 0.001). Discharge to home was possible in 880 patients in the study group (79%) versus 72,577 (69%) in the national database (p < 0.001). The reasons for transfer to inpatient rehabilitation or convalescent home for the study group are listed in Table 1.

The complications identified in the study group in the first 3 months after THA are listed in Table 2. Five patients (0.5%) had a non-fatal thromboembolism complication: 3 deep vein thrombosis and 2 pulmonary embolisms. No complications were related to the shortened hospital stay.

Forty-two patients (4%) were readmitted to the hospital within 90 days of the THA (Table 3) versus 11,092 (11%) in the national database (p < 0.001). Eighteen patients (1.6%) were reoperated within 90 days of the THA procedure (Table 4) versus 2,100 (2.0%) in the national database (p = 0.72).

At the 3-month review visit, the mean MDP score in the study group was 16.8 ± 1.6 points (min 5, max 18) and the mean Oxford score was 52 ± 9 points (min 24, max 60).

Age had no effect on the average LOS in the study group (R² = 0.041). Male patients had a significantly shorter average LOS than female patients (3.0 ± 0.1 days versus 3.5 ± 0.1 days, p < 0.01). BMI had no effect on the average LOS (R² = 0.005). The ASA score had a significant effect on the average LOS (p < 0.02): 2.7 ± 0.2 days for ASA 1, 3.2 ± 0.1 days for ASA 2 and 4.1 ± 0.2 days for ASA 3. The Charnley category had no effect on the average LOS (p = 0.27): 3.2 ± 0.1 days for class A, 3.6 ± 0.2 days for class B and 3.1 ± 0.2 days for class C. On the other hand, the surgical approach had a significant effect on the average LOS (p < 0.001): 2.5 ± 0.2 days for the anterior approach, 3.5 ± 0.2 days for the anterolateral approach and 3.5 ± 0.1 days for the posterior approach. In the multivariate analysis, only the male gender (p = 0.008) and the anterior approach (p < 0.001) were associated with significantly shorter average LOS.

Discussion

Our study hypothesis was confirmed: the FT procedures used in the participating hospitals helped to significantly reduce the average LOS after primary THA for non-traumatic indications relative to historical French data. The percentage of patients being discharged to home was higher, while the readmission rate was lower, without significantly altering the reoperations rate.

Fast-track protocols for THA were first described in Scandinavian countries [START_REF] Husted | Fast track in total hip and knee arthroplasty -experiences from Hvidovre University Hospital, Denmark[END_REF][START_REF] Husted | Reduced length of stay following hip and knee arthroplasty in Denmark 2000-2009: from research to implementation[END_REF] and have subsequently been adopted throughout the world [START_REF] Maempel | Enhanced recovery programmes after total hip arthroplasty can result in reduced length of hospital stay without compromising functional outcome[END_REF]. An international study group has recently proposed a clear, simple definition of these protocols: mobilization within 24 hours of the procedure and hospital stay of less than 5 days [START_REF] Venclauskas | European guidelines on perioperative venous thromboembolism prophylaxis: Day surgery and fast-track surgery[END_REF]. This acceleration of the postoperative course, which translates to shorter average LOS, is made possible by improved perioperative analgesia with use of multimodal protocols combining several agents [START_REF] Beverly | Essential elements of multimodal analgesia in enhanced recovery after surgery (ERAS) guidelines[END_REF][START_REF] Golladay | Oral multimodal analgesia for total joint arthroplasty[END_REF] and the possibility of doing intraoperative injection with local anesthetics potentially combined with other agents (morphine, corticosteroids, adrenaline, etc.) [START_REF] Villatte | Effect of local anaesthetic wound infiltration on acute pain and bleeding after primary total hip arthroplasty: the EDIPO randomised controlled study[END_REF]. It also involves other measures that aim to reduce the perioperative stress [START_REF] Healey | Improving operating room efficiency, Part 2: Intraoperative and postoperative strategies[END_REF]: admission on the morning of the procedure, modern fasting [START_REF] Søreide | Modern preoperative fasting guidelines: a summary of the present recommendations and remaining questions[END_REF], opioid-sparing [START_REF] Brandal | Impact of enhanced recovery after surgery and opioid-free anesthesia on opioid prescriptions at discharge from the hospital: a historical-prospective study[END_REF], high single-dose perioperative corticosteroid therapy [START_REF] Lunn | Effect of high-dose preoperative methylprednisolone on pain and recovery after total knee arthroplasty: a randomized, placebo-controlled trial[END_REF]. Standing and ambulation are generally possible within 24 hours of the procedure. This makes direct discharge to home easier [START_REF] Golladay | Oral multimodal analgesia for total joint arthroplasty[END_REF][START_REF] Keswani | Discharge destination after total joint arthroplasty: an analysis of postdischarge outcomes, placement risk factors, and recent trends[END_REF], such that the benefits of inpatient postoperative rehabilitation are brought into question [START_REF] Fu | Discharge to inpatient facilities after total hip arthroplasty is associated with increased postdischarge morbidity[END_REF]. However, certain medical conditions and social conditions -such as family isolation or poorly designed living spaceor more often psychological barriers, may prevent or make this immediate return to home difficult, since the patient makes the final decision. Thus, the patient's day-to-day experience is improved [START_REF] Klapwijk | The first 6 weeks of recovery after primary total hip arthroplasty with fast track[END_REF] and the subjective outcomes are more favorable [START_REF] Berg | Influence of fasttrack programs on patient-reported outcomes in total hip and knee replacement (THR/TKR) at Swedish hospitals 2011-2015: an observational study including 51,169 THR and 8,393 TKR operations[END_REF]. Moreover, no significant drawbacks to FT procedures have been reported. Some authors have identified factors affecting the LOS such as age, sex, body weight and associated comorbidities [START_REF] Mathijssen | Factors influencing length of hospital stay after primary total knee arthroplasty in a fast-track setting[END_REF][START_REF] Sibia | Incidence, risk factors, and costs for hospital returns after total joint arthroplasties[END_REF].

This study confirms that the male gender and use of the anterior approach contribute to shortening the average LOS, although the effect is too small to contraindicate FT procedures if these factors are not present.

This study also confirms that the reduction in average LOS is the most visible effect of implementing FT procedures. However, this reduction must not be the goal in itself, only a consequence of the improved postoperative course, for which rapid recovery is only one component, which, nevertheless could lead to an outpatient procedure [START_REF] Cassard | Outpatient total knee arthroplasty: Readmission and complication rates on day 30 in 61 patients[END_REF][START_REF] Weiser | Outpatient total hip arthroplasty has minimal short-term complications with the use of institutional protocols[END_REF]. The reduction in the complication risk has been well documented [START_REF] Berg | No increase in readmissions or adverse events after implementation of fast-track program in total hip and knee replacement at 8 Swedish hospitals: An observational before-and-after study of 14,148 total joint replacements 2011-2015[END_REF][START_REF] Otero | Length of hospitalization after joint arthroplasty: does early discharge affect complications and readmission rates?[END_REF][START_REF] Sutton | Hospital discharge within 2 days following total hip or knee arthroplasty does not increase majorcomplication and readmission rates[END_REF][START_REF] Zhu | Enhanced recovery after surgery for hip and knee arthroplasty: a systematic review and meta-analysis[END_REF], along with the risk of unplanned readmission to the hospital, which this study fully confirms [START_REF] Berg | No increase in readmissions or adverse events after implementation of fast-track program in total hip and knee replacement at 8 Swedish hospitals: An observational before-and-after study of 14,148 total joint replacements 2011-2015[END_REF][START_REF] Otero | Length of hospitalization after joint arthroplasty: does early discharge affect complications and readmission rates?[END_REF][START_REF] Sutton | Hospital discharge within 2 days following total hip or knee arthroplasty does not increase majorcomplication and readmission rates[END_REF][START_REF] Zhu | Enhanced recovery after surgery for hip and knee arthroplasty: a systematic review and meta-analysis[END_REF][START_REF] Khan | Reduced short-term complications and mortality following enhanced recovery primary hip and knee arthroplasty: results from 6,000 consecutive procedures[END_REF]. Of note, the incidence of thromboembolism was very low, which can be explained by the early mobilization, rapid resumption of walking and discharge to home [START_REF] Petersen | Lundbeck Foundation Centre for Fast-track Hip and Knee Replacement Collaborative Group. Safety of in-hospital only thromboprophylaxis after fast-track total hip and knee arthroplasty: a prospective followup study in 17,582 procedures[END_REF]. While it may be surprising that the risk of reoperation was unchanged, this can be explained by the types of reoperations observed (periprosthetic infection, periprosthetic fracture), which are not very likely to be influenced by FT procedures.

Despite the well-documented advantages and the absence of significant drawbacks, FT procedures are not widely used in France, as evidenced by the national database numbers, especially the national average LOS after primary THA for non-traumatic indications. The reluctance is often due to psychological and organizational factors since FT procedures disrupt the habits of patients and medical teams. This study confirms that these protocols are safe and do not increase morbidity. Instead, they reduce the risk of complications, with the majority being tied to the hospital stay and its duration [START_REF] Deng | Impact of enhanced recovery after surgery on postoperative recovery after joint arthroplasty: results from a systematic review and meta-analysis[END_REF]. These procedures must be disseminated widely and used more often. The absence of patient selection in the hospitals participating in this research is a strong argument in favor of systematic use. It is logical that the overall cost of performing THA could decrease substantially because of these protocols [START_REF] Andreasen | Time-driven activity-based cost of fast-track total hip and knee arthroplasty[END_REF][START_REF] Stowers | Enhanced recovery after surgery in elective hip and knee arthroplasty reduces length of hospital stay[END_REF], although no health economics study has been done in France.

The current study has several limitations. 1) While the research sites were spread out geographically within France, the sites were selected voluntarily which means that the participating surgeons were highly motivated and could more readily convince patients to participate. Without a doubt, similar findings would not have been as ubiquitous over the entirety of France. Nevertheless, the characteristics of the included patients (age, sex, ASA grade) are similar to that of recent large primary THA studies [START_REF] Jørgensen | Lundbeck Foundation Centre for Fast-track Hip and Knee Replacement Collaborative group. Time course and reasons for 90-day mortality in fasttrack hip and knee arthroplasty[END_REF][START_REF] Amlie | A trend for increased risk of revision surgery due to deep infection following fast-track hip arthroplasty[END_REF][START_REF] Ferguson | ASA class is associated with early revision and reoperation after total hip arthroplasty: an analysis of the Geneva and Swedish Hip Arthroplasty Registries[END_REF], which allows us to presume there was no significant recruitment bias. Thus, it is logical to think that the comparison with the national database using the same GHM codes is valid.

2) The control group was not recruited concurrently but was taken from historical data in a national database.

There are potential imperfections when using such a tool, notably the stratification by ASA grade and the fact that clinical and surgical data were not available. Moreover, the mean age of the study cohort was significantly less by 1.8 years than that of the control group, although this small difference does not appear to be clinically significant nor able to bias the results interpretation. Nevertheless, it is not feasible from an ethics perspective to do a true randomized comparative study, as this would have been a step backwards at the hospitals where FT procedures had now become the standard of care. As previously mentioned, we can presume that the general population that undergoes primary THA in France resembles the one in recent published studies in the Western world [START_REF] Jørgensen | Lundbeck Foundation Centre for Fast-track Hip and Knee Replacement Collaborative group. Time course and reasons for 90-day mortality in fasttrack hip and knee arthroplasty[END_REF][START_REF] Amlie | A trend for increased risk of revision surgery due to deep infection following fast-track hip arthroplasty[END_REF][START_REF] Ferguson | ASA class is associated with early revision and reoperation after total hip arthroplasty: an analysis of the Geneva and Swedish Hip Arthroplasty Registries[END_REF] and that the use of this database as a control group is acceptable. 3) Data collection was done individually at each site, introducing potential bias between sites. Nevertheless, although the comparison of the MDP score may have been biased, the other essential data (LOS, discharge destination, readmissions, reoperations) are independent objective data, and the Oxford score is completed by the patients, independent of the medical team. Thus, these potential biases are not likely to substantially modify this study's findings.

Conclusion

Based on our findings, we can conclude that FT procedures can be applied more widely and potentially to all patients who undergo primary THA for non-trauma indications, helping to reduce the average LOS and the iatrogenic risk relative to standard THA protocols. We believe that these FT procedures, with no identifiable drawbacks, should now be the standard for care for primary THA in France. 

Figure 1 :

 1 Figure 1: Study flow chart

  Charnley category, and surgical approach on the average LOS in the study cohort was determined using a univariate analysis then a multivariate analysis by multiple linear regression, including the significant factors found in the univariate analysis. All statistical tests were done with a 5% threshold. The minimum sample size was calculated using the following hypotheses: comparison of a group to a population, average LOS in control population of 7 ± 4 days, detection in the study group of a 3-day reduction in average LOS, alpha risk = 0.025, beta risk = 0.10. This calculation suggested a minimum of 40 subjects in the study group.

10]: age, sex, average LOS, return to home rate, rehospitalization rate, reoperation rate. Categorical data were analyzed with the Chi² test or a Fisher's exact test (small samples), while the numerical data were analyzed with the ANOVA or Friedman (small samples) or a linear correlation test. The impact of age, sex, BMI, ASA,

Table 1 :

 1 Reasons for transfer to rehabilitation facility or convalescence home (n = 1,110)

	Refused FT for medical reasons	81	7.2%
	Poorly controlled pain	24	2.1%
	Insufficient autonomy	57	5.1%
	Medical condition	44	3.9%
	Complications	13	1.1%
	No identified cause	11	0.9%
	Total	230	20.7%

Table 2 :

 2 Complications documented in the first 3 months after THA in the study cohort

	(n = 1,110)
	Dislocation

Table 3 :

 3 Reasons for non-scheduled rehospitalization in the 90 days after THA in the study cohort (n = 1,110)

	Surgical site infection -wound healing problem	19	1.7%
	Dislocation	17	1.5%
	Periprosthetic fracture	5	0.4%
	Septic shock	1	0.1%
	TOTAL	42	3.7%

Table 4 :

 4 Reasons for non-scheduled reoperation in the 90 days after THA in the study cohort

	(n = 1,110)		
	Periprosthetic infection	15	1.35%
	Periprosthetic fracture	3	0.27%
	TOTAL	18	1.62%
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