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CONCLUSION

These results confirm the expected benefits of an ERAS program in PSF surgery for AIS with a significant impact on postoperative rehabilitation and length of stay. Patient adherence and the involvement of all caregivers are essential to the success of such a program.
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ABSTRACT INTRODUCTION

Adolescent idiopathic scoliosis (AIS) surgery is a major pediatric procedure requiring multidisciplinary management. Enhanced recovery after surgery (ERAS) programs have been developed to minimize the consequences of surgical stress, to optimize pain control and to promote the early recovery of the patient's autonomy. Such programs have largely proved their benefits in adults. In pediatrics, it is still poorly developed and evaluated. The main objective of this Before/After study was to implement an ERAS program after spine surgery and to evaluate its impact on the length of hospital stay and postoperative recovery after surgery for Adolescent Idiopathic Scoliosis.

METHODS

After validation by medical and paramedical teams, the ERAS protocol was applied to all adolescents undergoing a posterior spinal fusion (PSF). In association with the implementation of protocolized multimodal measures for early rehabilitation, the program included an intrathecal injection of morphine before surgical skin incision.

Postoperative multimodal analgesia included two epidural catheters inserted at the end of the surgery to cover both the thoracic and lumbar areas. After approval by the local ethics committee and declaration to the CNIL, retrospective data from 73 adolescents undergoing a PSF surgery for AIS between January 2015 and January 2017 (Before ERAS) were compared with those of patients benefiting from the ERAS program since April 2018 (After ERAS). Patients undergoing a PSF surgery to correct neuromuscular scoliosis were not included in the analysis. After a descriptive analysis, two comparable populations (Before and After ERAS groups) were defined using a propensity score.

The main outcome was the length of hospitalization. Time to first solid food intake, time to first ambulation, time to bowel movement and time for Foley catheter removal were also analyzed.

RESULTS

Over the study period, 65 PSF surgeries benefited from the ERAS protocol, 35 of which were for AIS (30 neuromuscular scoliosis surgeries were not analyzed). After application of a propensity score, 32 patients per group were selected for the final analysis. The demographic and surgical characteristics of the Before and After ERAS groups were comparable. Implementation of the ERAS program was associated with a significant 25% reduction in the mean length of stay (8.97 ±1.38 days before ERAS vs 6.64 ±0.93 days after ERAS; p<0.01). All other criteria analyzed, illustrating the early recovery of the patient's autonomy, were significantly reduced in the After ERAS group.

INTRODUCTION

Adolescent idiopathic scoliosis (AIS) is a lateral curvature and rotational deformity of the spine, defined by a radiographic Cobb angle higher than 10° (1-2). The etiology of this disorder remains unknown. The current pathophysiology of such a disease involves a multifactorial process, including altered melatonin synthesis, connective tissue disorder, skeletal muscle abnormalities, contractile protein dysfunction or a neural mechanism problem. Curves below 10° are considered to be a variation of the norm as they have low potential for progression [START_REF] Asher | Adolescent idiopathic scoliosis: natural history and long term treatment effects[END_REF]. Adolescent idiopathic scoliosis must be differentiated from "functional scoliosis" or "scoliotic attitude", which is a spinal curvature secondary to known extra-spinal causes. It is usually partially reduced or completely disappears after the underlying cause has been eliminated (4).

Scoliosis is idiopathic in about 80% of cases. The remaining 20% of cases are congenital or secondary to neuromuscular diseases [START_REF] Negrini | SOSORT guidelines: orthopedic and rehabilitation treatment of idiopathic scoliosis during growth[END_REF]. Current data show an overall prevalence of AIS of 0.47 to 5.2% [START_REF] Konieczny | Epidemiology of adolescent idiopathic scoliosis[END_REF][START_REF] Dunn | Screening for Adolescent Idiopathic Scoliosis: Evidence Report and Systematic Review for the US Preventive Services Task Force[END_REF] and an incidence of approximately 3% in France (7). Adolescent scoliosis accounts for approximately 90% of idiopathic scoliosis cases in pediatrics (2,3) and appears around the age of 10. Regular follow-up, done every six months, is recommended to assess the progress of the deformity. The severity and progression of scoliosis are usually more important in girls (2) than in boys, with a more frequent need for orthopedic management [START_REF] Reamy | Adolescent idiopathic scoliosis: review and current concepts[END_REF][START_REF] Yamamoto | Adolescent Scoliosis Screening in Nara City Schools: A 23-Year Retrospective Cross-Sectional Study[END_REF]. Approximately 10% of diagnosed cases are initially controlled by orthopedic conservative treatment (corset worn 12 to 24 hours a day), an undertaken option for moderate curvatures of 15-20°. Approximately 0.1 to 0.3% of these require a surgical treatment (5) after failure of an orthopedic treatment, based on evolutionary criteria (Risser criteria) and when the curvature progresses beyond 35-45° depending on the thoracic or lumbar location of the curvature.

The main objective of the surgical treatment is to obtain a three-dimensional correction and to fuse the spinal segment with a bone graft to prevent the curve progression. The technique used in our center is a classical Posterior Spinal Fusion (PSF).

Spinal surgical procedures are associated with a high level of pain, a slow return of function and an extended hospital stay among other complications which can reach a rate up to 5%. The most common complications for posterior instrumentation and fusion included infection (1.35%), pulmonary complications excluding pulmonary embolism (0.95%) and neurological injuries (0.32%) [START_REF] Coe | Complications in spinal fusion for adolescent idiopathic scoliosis in the new millennium. A report of the Scoliosis Research Society Morbidity and Mortality Committee[END_REF]. AIS surgery can also lead to perioperative complications, less described in literature, including postoperative acute pain, opioid related side effects and delay in mobilization. This can result in significant patient morbidity with a potential extended hospitalization and delayed functional recovery at home [START_REF] Blanco | Multimodal pain management after spinal surgery for adolescent idiopathic scoliosis[END_REF]. Recent data suggest that the average length of stay (LOS) for a patient undergoing PSF for AIS is 5 to 6 days [START_REF] Daffner | Geographic and demographic variability of cost and surgical treatment of idiopathic scoliosis[END_REF][START_REF] Erickson | Variability in spinal surgery outcomes among children's hospitals in the United States[END_REF][START_REF] Yoshihara | National trends in spinal fusion for pediatric patients with idiopathic scoliosis: demographics, blood transfusions, and in-hospital outcomes[END_REF].

Initially described to expedite recovery and to decrease the length of stay, Enhanced recovery after surgery (ERAS) has since evolved to focus on optimizing the perioperative experience of surgical patients. The current definition should include a multidisciplinary and multimodal approach to improve surgical outcomes by using subspecialty and procedure-specific evidence-based protocols in the care of surgical patients. In adults, ERAS programs were introduced in 1997 by Henrik Kehlet (15,[START_REF] Kehlet | Anaesthesia, surgery, and challenges in postoperative recovery[END_REF].

As the earliest discipline to implement ERAS, colorectal surgery offers a substantial body of literature supporting its benefits. To date, ERAS has been implemented in various surgical specialties with an extensive rise in the number of publications over the last few years. A progressive increase in the level of evidence from studies on the subject reports a decrease in postoperative complications, a reduction of the LOS, an improvement of patient satisfaction and a significant cost reduction [START_REF]Delivering enhanced recovery; Helping patients to get better sooner after surgery[END_REF][START_REF] Wainwright | Enhanced recovery after surgery (ERAS) and its applicability for major spine surgery[END_REF][START_REF] Ali | Pre-optimisation of spinal surgery patients: Development of a neurosurgery Enhanced recovery after surgery (ERAS) protocol[END_REF]. In light of the apparent success of ERAS programs in other surgical disciplines, such programs are currently more and more implemented for spine surgery. However, it still remains poorly developed and evaluated in the pediatric population [START_REF] Shinnick | Enhancing recovery in pediatric surgery: a review of the literature[END_REF].

The purpose of this Before/After study was to implement an ERAS program after spine surgery and to evaluate its impact on the LOS and postoperative recovery in surgery for adolescent idiopathic scoliosis.

METHODS

After a two-year period of observation and analysis of every aspect of cares delivered to patients undergoing a PSF in our pediatric center, a multidisciplinary reflection was initiated in order to develop and implement an ERAS protocol after scoliosis surgery.

Study Design

Ethics

This study received the agreement of the Institutional Review Board (2018_IRB-MTP_10-03) and was recorded in the ClinicalTrials.gov database (NCT04012528). Data collection was carried out in accordance to the current legal national framework of the French National Committee on Informatics and Liberty (CNIL).

Population

The study consisted of two periods. The "Before ERAS" group was a retrospective chart review including pediatric patients who benefited from PSF between January 2015 and January 2017. The "After ERAS" group was defined after the implementation of the ERAS Protocol from April 2018. Data were then collected as part of the IRBapproved prospective study. For this second period, consents of parents and patients were collected before inclusion and after a detailed information on the new ERAS protocol. Data of all pediatric patients undergoing surgical scoliosis correction during the two periods of the study were collected.

Collected data

Demographic data included age, sex, weight, height, degree of scoliosis and number of instrumented vertebral levels. Intraoperative data included peri operative analgesic modalities used, estimated blood loss, perioperative blood transfusion requirements and duration of surgery. Postoperative data included the total dose of intravenous (IV) morphine consumed (data available only in the "After ERAS" group), the duration of effective morphine patient controlled analgesia (PCA) placement, the resumption of feeding and transit, the first mobilization, the presence of vomiting within the first 24 hours and the length of hospital stay (LOS). Pain scores before and after the procedure were assessed using a visual analog scale (scored from 0 to 10). The duration of surgery was defined, based on anesthesia records, from the incision to the bandage finalization. The LOS was defined from the day of the surgery (postoperative day -POD 0) until hospital discharge. Complications were determined on the basis of surgical reports and included any redo-surgery for septic or mechanical reasons or re-hospitalization directly related to the scoliosis surgery. From surgical follow-up performed at one month, three months and one year after surgery, collected data included the resumption of a physical activity, the presence of post-operative pain and the occurrence any complication.

Objectives

The main purpose of this study was to evaluate the LOS following the implementation of an ERAS program after PSF surgery for AIS.

Secondary outcomes included postoperative pain, complications and optimal functional recovery, assessed on the return to a regular diet, the beginning of an oral analgesia regimen, the first stool passage, the first ambulation and the Foley catheter removal.

New Protocol (ERAS)

Preoperative management

The patient and his family were informed of the ERAS protocol during the anesthesia consultation in the month preceding surgery.

A blood saving strategy with preoperative erythropoietin preparation, associated with oral iron supplementation, were prescribed based on the preoperative hemoglobin level.

Pharmacological premedication was prescribed at the anesthetist's discretion before the transfer to operating room, including midazolam and/or hydroxyzine and/or gabapentin.

Intraoperative management

The intraoperative anesthetic management was standardized.

After standard monitoring, intravenous induction was conducted using 2 to 3 mg/kg propofol, 1 μg/kg remifentanil infused over 2 min and 0.15mg/kg ketamine, followed by endotracheal intubation. Intrathecal morphine injection (3 to 5 µg/kg -maximum dose 300 µg) was performed prior to incision in the absence of contraindication or patient refusal. The maintenance of anesthesia was performed intravenously and was monitored by a bispectral index (BIS). Hemodynamic stability was monitored by transesophageal doppler coupled with invasive arterial pressure measurement (CardioQ â ODM+). Multimodal analgesia, with a morphine sparing intent, also included the use of intravenous lidocaine, ketamine, dexmedetomidine and magnesium sulfate (30-40 mg/kg) Both cell salvage and tranexamic acid infusion were used as part of perioperative blood saving strategy. Somatosensory and motor-evoked potentials were monitored in all patients during the surgery with a real-time assessment by a clinical neurophysiologist trained and experienced in electrophysiological changes. The prevention of postoperative nausea and vomiting (PONV) was also standardized, including the intraoperative administration of 0.15 mg/kg IV dexamethasone (maximum 8 mg). Before skin closure, the surgeon placed two epidural catheters in the thoracic and lumbar areas.

The patient was extubated and monitored in the post-anesthesia care unit (PACU) before transfer to the intensive care unit (ICU).

Postoperative management

The pain management protocol included a multimodal regimen associating systemic and regional analgesia:

-A systematic administration of paracetamol and non-steroidal anti-inflammatory drugs (NSAIDs) with the use of the oral route as soon as oral intake was tolerated -A continuous infusion of ketamine and nefopam for 24 to 48 hours -The use of a morphine patient-controlled analgesia (PCA) with rotation to oral opioid administration (Actiskenan®, Laboratories BRISTOL-MYERS SQUIBB) at H48 -The maintenance of double epidural catheters until the fourth post-operative day -An anxiolytic treatment with bromazepam and/or hydroxyzine as needed Patients were encouraged to start a regular diet as soon as they returned to their rooms after transfer from the PACU. Patients received IV ondansetron (0.1 mg/kg, maximum 4 mg, every 8 hours), regularly for the first 24 hours after surgery and then as needed if nausea and/or vomiting persisted. The resumption of transit was stimulated by a laxative treatment combined with a highfiber diet. The physical therapy was started on the first post-operative day. The aim was an early verticalization at the first or second postoperative day. The Foley catheter was removed at H48 postoperatively and the surgical drain, if present, at H72.

Statistical Analysis

Patients who underwent PSF for neuromuscular scoliosis were not included in the following analysis. The number of subjects required was calculated based on the main outcome defined by the length of stay. Prior to the implementation of the ERAS protocol, the length of hospitalization was 9 days (+/-3). We estimated that after the implementation of the new protocol, a reduction in the length of hospitalization to 7 days (+/-3) would be clinically significant. With a risk α of 5% and a power at 90%, 48 patients in each group would be needed. We chose to increase the number of subjects to 75 patients per group. Qualitative variables were presented in numbers and percentages and quantitative variables in means (standard deviation) or medians (quartiles). The normality of the distribution was studied for each of the quantitative variables. After a descriptive global analysis, patients were propensity matched into two equal and similar groups to reduce the potential bias of this non-randomized controlled trial. A multinomial logistic regression on the global population evaluated significant covariates that should be included in the propensity score estimation model. Finally, weight, BMI, thoracic scoliosis degree, Erythropoietin (EPO) protocol, preoperative hemoglobin, preoperative pain and preoperative gabapentine were matched in the propensity score analysis. The selection process was done without replacement, subjects were not returned to the sample after being matched. The maximum allowable difference between propensity scores, the caliper, was equal to 0.1. After a propensity score, data of the two groups were analyzed by the paired student or Wilcoxon tests for quantitative data and the Mac Nemar test for qualitative data. The evolution of the parameters measured over time was studied and analyzed using mixed models on repeated measures taking, as a fixed effect, the group and the reference variable. The slope and the intercept were tested, as well as the group * time interactions. Model selection was made to minimize the BIC. P values below 0.05 were considered statistically significant. The statistical analysis was carried out in collaboration with the medical information service of Montpellier using SAS software, SAS Institute.

RESULTS

Demographic Data

During the "Before ERAS" period (January 2015 to January 2017), 95 patients benefited from a scoliosis surgery, including 73 who underwent a PSF for idiopathic scoliosis. During the "After ERAS" period (April 2018 to January 2020), 65 patients benefited from the ERAS protocol. Patients who underwent PSF for neuromuscular scoliosis (n=30) were not included in the present analysis (Figure 1). Demographic data were similar for the two groups, except for body mass index and preoperative gabapentin use (Table 1). After a propensity match, 32 patients of each group were analyzed (Table 2).

Figure 1: Flow chart

Values are reported as mean ± SD, total number (%), ratio female (%) p values <0.05 are considered significant Values are reported as mean ± SD, total number (%), ratio female (%) p values <0.05 are considered significant 

Postoperative pain management

The duration of morphine PCA was significantly decreased by 2.5 ± 2.08 days (95% CI, 1.28 -2.72; p < 0.001) in the "After ERAS" group. After ERAS implementation, the mean total dose of IV morphine was 0.41 (± 0.44) mg/kg during hospitalization. Intravenous morphine consumption and mean pain scores in the "After ERAS" group are detailed in the Figure 2. We noticed a decrease in the use of intravenous ketamine in the ICU of 1.955 ± 2.06 days (95% CI, 0.164 -1.84; p < 0.001) after ERAS protocol implementation. There was no significant difference on the analgesics ordered at discharge from the ICU between the two groups, except for ketoprofen which was more frequently prescribed in the "After ERAS" group (Table 4).

Values are reported as total number (%) p values <0.05 are considered significant

There was no significant difference in the duration of epidural catheter use. Variations of -0.53 ± 2.66 days (95% CI, -0.693 -0.693; p 0.268) on the thoracic catheter use and -0.39 ± 2.31 days (95% CI, -0.704 -0.704; p 0.357) on the lumbar catheter use were observed in the "After ERAS" group compared to the "Before ERAS" group.

Secondary outcomes

In the "After ERAS" group, we reported a decrease in the duration of a return to an optimal functional autonomy: the time before the first solid food intake was significantly shorter (-0.69 ± 0.90 days (95% CI, 0.378 -0.998); p<0.001), as well as the time to rotation from IV to oral opioid administration (-2.5 ± 2.08 days (95% CI, 1.28 -2.72), p<0.001), the time to the first ambulation (-1.72 ± 1.69 days (95% CI, 0.654 -1.35) p<0.001) and the time to the Foley catheter removal (-2.55 ± 1.27 days (95% CI, 1.64 -2.36); p<0.001). The time for the resumption of transit was not different between the two studied groups (-0.72 ± 2.02 days (95% CI, -0.728 -0.728); p=0.06). (Table 5 et Figure 3).

Table 4: Comparison of analgesics at the ICU exit between

Before/After ERAS protocol.

Values are reported as mean ± SD p values <0.05 are considered significant 

Follow up data

In spite of the absence of transfusion in the "After ERAS" group compared to 28% of cases in the "Before ERAS" group, the analysis of hemoglobin level kinetics during management showed no difference between the two groups (Figure 4). Repeated measurements of hemoglobin levels over time using a mixed model was similar between the two groups, (b = 0.3 (95% CI, -0.15 0.77); p=0.2), with a significant decrease at each postoperative time (p <0.001).

In the two groups, an increase in the preoperative hemoglobin values secondary to the EPO protocol was noticed (b = 0.85 (95% CI, 0.47 1.23); p=0.001).

Figure 4: Comparison of hemoglobin kinetics before and after establishment of ERAS protocol

Reports of surgery follow-up showed no difference in postoperative pain scores between the two groups (Figure 5).

In the "After ERAS" group, we identified one postoperative complication. The patient presented an infection of the surgical site requiring a revision surgery. Comparatively, the rate of complications requiring a new hospitalization was 15.6% (5 of 32 patients) in the "Before ERAS" group. There were four surgical site infections and one neurological deficit . The comparison of the complication rate did not reach statistical significance (p 0.19). 

DISCUSSION

This Before/After cohort study evaluated the implementation of an ERAS program after PSF surgery and the impact on the recovery of patients suffering from AIS. The results confirmed the expected benefits of such a program, with a significant reduction in the length of hospital stay of more than two days and the positive effects on postoperative recovery. More importantly, there was no increase in the number of unplanned readmissions related to LOS reduction in the post-ERAS period.

Length of stay

The main objective of this study was to optimize the return to an optimal functional autonomy and to reduce the length of hospitalization after PSF surgery for AIS without compromising the quality and other aspects of cares. Our results are consistent with studies which have demonstrated the safety and the economic impact of an accelerated discharge strategy in posterior spinal fusion surgeries for idiopathic scoliosis after the implementation of an ERAS protocol [START_REF] Fletcher | Clinical and economic implications of early discharge following posterior spinal fusion for adolescent idiopathic scoliosis[END_REF][START_REF] Shan | Intensive care unit versus hospital floor: a comparative study of postoperative management of patients with adolescent idiopathic scoliosis[END_REF][START_REF] Muhly | Rapid recovery path-way after spinal fusion for idiopathic scoliosis[END_REF][START_REF] Fletcher | Use of a novel pathway for early discharge was associated with a 48% shorter length of stay after posterior spinal fusion for adolescent idiopathic scoliosis[END_REF].

The mean reduction of two hospital days per operated child has conducted to a significant total number of hospital days saved over the studied period in our institution.

In a similar study design, Kamerlink et al. reported the management of the same number of patients using an ERAS protocol, resulting in saving 70 days of hospital cost charges [START_REF] Kamerlink | Hospital cost analysis of adolescent idiopathic scoliosis correction surgery in 125 consecutive cases[END_REF]. These encouraging results are also consistent with those of ERAS protocols for other adult orthopedic surgeries. Likewise, postoperative pathways in adult arthroplasty succeeded in improving perioperative outcomes, reducing the length of stay and minimizing patient side effects without increasing concomitant 30-days readmissions [START_REF] Larsen | Cost-effectiveness of accelerated perioperative care and rehabilitation after total hip and knee arthroplasty[END_REF][START_REF] Loftus | A simplified pathway for total knee arthroplasty improves outcomes[END_REF][START_REF] Stambough | Rapid recovery protocols for primary total hip arthroplasty can safely reduce length of stay without increasing readmissions[END_REF][START_REF] Peters | The effect of a new multimodal perioperative anesthetic regimen on postoperative pain, side effects, rehabilitation, and length of hospital stay after total joint arthroplasty[END_REF].

The ERAS protocol described in this study was initiated and designed to address three main objectives: to improve pain control, to reduce opioid-related adverse events and side effects and to promote early postoperative mobilization. Finally, this strategy resulted in the successful achievement of these purposes, but also led to a significant improvement in various other ERAS criteria, except for the time to bowel movement, for which a lack of power could be suspected.

Multimodal Analgesics

The standardization of multimodal postoperative analgesia was an important part of the ERAS protocol [START_REF] Dahl | Scandinavian Postoperative Pain Alliance (ScaPAlli). Post-operative analgesic effects of paracetamol, NSAIDs, glucocorticoids, gabapentinoids and their combinations: a topical review[END_REF]. Indeed, posterior spinal fusion generates severe postoperative pain, with multiple and complex causes: an extensive dissection of subcutaneous tissues, bones and ligaments (innervated by posterior rummy of spinal nerves related to the sympathetic and parasympathetic nervous systems) and various noxious stimuli (mechanical, compression and inflammation). Various analgesic associations have been proposed as components of multimodal analgesia for scoliosis surgery.

In our cohort, NSAIDs were consistently used postoperatively in the "After ERAS" group and more commonly continued after discharge from the ICU, compared to the "Before ERAS" group (81% vs 34%, p < 0,001). In pediatric orthopedic surgery, NSAIDs demonstrated a better analgesia and a decreased opioid consumption, while reducing both opioid-related gastrointestinal side effects and the length of stay [START_REF] Eberson | The role of ketorolac in decreasing length of stay and narcotic complications in the postoperative pediatric orthopedic patient[END_REF][START_REF] Sutters | Comparison of morphine patientcontrolled analgesia with and without ketorolac for postoperative analgesia in pediatric orthopedic surgery[END_REF][START_REF] Munro | Low-dose ketorolac improves analgesia and reduces morphine requirements following posterior spinal fusion in adolescents[END_REF]. Additionally, we noticed a high adherence of the team to the introduction of intrathecal morphine: 94% of patients in the "After ERAS" group benefited from an intrathecal opioid administration. Previous studies have shown that intrathecal opioid administration was effective in reducing intraoperative opioid use, as well as early postoperative opioid use and pain scores [START_REF] Goodarzi | The advantages of intrathecal opioids for spinal fusion in children[END_REF][START_REF] Tripi | MD Intrathecal Morphine for Postoperative Analgesia in Patients With Idiopathic Scoliosis Undergoing Posterior Spinal Fusion[END_REF][START_REF] Hong | A retrospective comparison of intrathecal morphine and epidural hydromorphone for analgesia following posterior spinal fusion in adolescents with idiopathic scoliosis Pediatric[END_REF][START_REF] Cohen | Intrathecal Morphine Versus Extended-Release Epidural Morphine for Postoperative Pain Control in Pediatric Patients Undergoing Posterior Spinal Fusion[END_REF]. Studies also showed that intrathecal opioid administration could decrease peri operative blood loss during Idiopathic Scoliosis Surgery [START_REF] Aleksandra | Maryse Aucoin & Pierre Mercier Intrathecal morphine reduces blood loss during idiopathic scoliosis surgery: retrospective study of 256 pediatric cases[END_REF][START_REF] Gall | Analgesic Effect of Lowdose Intrathecal Morphine after Spinal Fusion in Children[END_REF]. In concordance with these studies, we reported a significant decrease in intraoperative blood loss in the group with more frequent intrathecal opioid administration. Earlier mobilization observed in the "After ERAS" group could also be partially due to the benefit of intrathecal opioid administration on post-operative pain management. Our results confirm the essential place of a multimodal pain management approach, especially the effectiveness of an association of intrathecal opioid and NSAIDs in scoliosis surgery [START_REF] Sheffer | Perioperative Pain Management in Pediatric Spine Surgery[END_REF][START_REF] Seki | Postoperative pain management in patients undergoing posterior spinal fusion for adolescent idiopathic scoliosis: a narrative review[END_REF].

As part of multimodal analgesia, Gabapentin has been studied for pediatric PSF, with conflicting results. Among two randomized controlled clinical trials, one reported an improvement in early pain scores and a reduced opioid consumption in the first 48 hours after surgery with pre and postoperative gabapentin administration [START_REF] Rusy | Gabapentin use in pediatric spinal fusion patients: a randomized, double-blind, controlled trial[END_REF], whereas the other study found no difference in pain scores after a single preoperative dose [START_REF] Mayell | Analgesic effects of gabapentin after scoliosis surgery in children: a randomized controlled trial[END_REF]. As described in the Method section, Gabapentin used in the current study was left to the discretion of the anesthetist in charge of the patient. Despite a significantly lower prescription of gabapentin in the "After ERAS" group, recovery and pain management did not seem to be impacted. Further clinical trials are needed to conclude on the usefulness of gabapentinoid administration in scoliosis surgery. We systematically used intraoperative intravenous ketamine infusion in the ERAS protocol. Intravenous ketamine was continued postoperatively for two days on average in the "After ERAS" group. Studies have shown a decrease in pain scores and opioid consumption when used in patients undergoing various types of surgeries [START_REF] Wang | Ketamine added to morphine or hydromorphone patient-controlled analgesia for acute postoperative pain in adults: a systematic review and meta-analysis of randomized trials[END_REF][START_REF] Pendi | Perioperative Ketamine for Analgesia in Spine Surgery: A Meta-analysis of Randomized Controlled Trials[END_REF][START_REF] Ricciardelli | The efficacy of ketamine for postoperative pain control in adolescent patients undergoing spinal fusion surgery for idiopathic scoliosis[END_REF]. However, the postoperative analgesic effect of adjuvant ketamine in patients undergoing scoliosis correction surgery for AIS is controversial [START_REF] Pestieau | Prolonged perioperative infusion of low-dose ketamine does not alter opioid use after pediatric scoliosis surgery[END_REF][START_REF] Perello | Prolonged perioperative low-dose ketamine does not improve short and long-term outcomes after pediatric idiopathic scoliosis surgery[END_REF]. In summary, there are insufficient data to support the routine use of ketamine as an adjuvant to postoperative analgesia in patients undergoing PSF surgery for AIS. Further research is needed to determine the optimal timing, dose and mode of the administration of ketamine when used for postoperative analgesia in such patients. Double epidural analgesia has shown its effectiveness in pain management for scoliosis surgery [START_REF] Jr | The effect of epidural vs intravenous analgesia for posterior spinal fusion surgery[END_REF][START_REF] Blumenthal | Double epidural catheter with ropivacaine versus intravenous morphine: a comparison for postoperative analgesia after scoliosis correction surgery[END_REF][START_REF] Saudan | Safety and efficacy of patient controlled epidural analgesia following pediatric spinal surgery[END_REF][START_REF] Poe-Kochert | Continuous Intravenous Morphine Infusion for Postoperative Analgesia Following Posterior Spinal Fusion for Idiopathic Scoliosis[END_REF][START_REF] Taenzer | Efficacy of postoperative epidural analgesia in adolescent scoliosis surgery: a meta-analysis[END_REF]. However, centers implementing ERAS protocols have tended to abandon epidural analgesia, using only intrathecal morphine [START_REF] Kathleen | A retrospective comparison of intrathecal morphine and epidural hydromorphone for analgesia following posterior spinal fusion in adolescents with idiopathic scoliosis[END_REF]. In addition, the Cochrane database published, in 2019, a meta-analysis, which concludes that there is medium and low quality evidence indicating a slight additional reduction in pain, up to 72 hours after scoliosis surgery, with epidural analgesia, in comparison to systemic analgesia [START_REF] Guay | Postoperative epidural analgesia versus systemic analgesia for thoraco-lumbar spine surgery in children (Review)[END_REF]. However, it is likely that the efficacy and safety of epidural analgesia depends on the experience of the health care team. We decided to combine intrathecal opioid administration with double epidural analgesia, historically used in our center, to optimize postoperative pain management.

Pain and complications

The results also showed a lower rate of postoperative complications and pain, reported at follow-up, in the group having benefited from the ERAS protocol but without reaching significance. We confirm that it appears safe to reduce the length of stay without compromising patient pain and readmission rates. These results were not necessarily predictable, as pain control can be particularly difficult in children, especially after major surgery, such as scoliosis surgery, known to cause severe postoperative pain [START_REF] Borgeat | Postoperative pain management following scoliosis surgery[END_REF].

It is important to recognize that the role of the ERAS protocols cannot be limited to simply reducing the overall cost of care. It should also take into consideration the experience that patients and their families go through once a decision to proceed with an operation is taken. Many indicators could be used to measure the quality of care.

Postoperative pain can be a reliable indicator, as it is a major concern for patients undergoing surgery [START_REF] Royston | Anaesthesia: the patient's point of view[END_REF].

Limits

Several limitations are to be discussed on the study. First, there is a potential lack of power on the primary outcome. Indeed, the constraints related to the decrease in surgical management of AIS did not allow to include the necessary number of subjects initially calculated in the final analysis. Therefore, we used a propensity score to compensate for this lack of number and to obtain two equal comparable groups. The study design is also a limitation due to the use of a Before/After study, which is both retrospective and prospective. Ideally, we should have done a prospective randomized study with two groups with or without an ERAS protocol. We had more data in the "After ERAS" group compared to the retrospective cohort, so we were not able to compare all the data. It is conceivable that the healthcare team having participated in the design of the ERAS protocol felt pressure to demonstrate the success of the new approach when managing patients in the "After ERAS" group. However, the discharge criteria did not change between the two groups and are strictly based on the patient's performance and his return to a functional autonomy. Patients in the two groups exhibited no significant difference with demographic data, which indicates that any difference detected in postoperative outcome could probably be attributed to the implementation of the ERAS protocol. Our results are encouraging, but it is important to make no direct link with results from studies describing ERAS protocol in adults. The pediatric population has its own limitations and characteristics.

Further studies need to be carried out to reinforce our findings in order to better adapt such programs to a pediatric population [START_REF] Leeds | Preparing enhanced recovery after surgery for implementation in pediatric populations[END_REF][START_REF] Shinnick | Enhancing recovery in pediatric surgery: a review of the literature[END_REF].

Another limitation is the lack of a validated outcome in terms of patient and family satisfaction. Specific patient satisfaction surveys with a longer follow-up may reveal areas of further improvement. Further studies should include a longer follow-up and a more detailed information on the postoperative quality of life of such patients, as well as potential interventions that may help children return to their preoperative activities in a shorter period of time. The SRS (Scoliosis Research Society) score appears to be the gold standard satisfaction score after PSF surgery for AIS [START_REF] Bastrom | Patient-Reported SRS-24 Outcomes Scores After Surgery for Adolescent Idiopathic Scoliosis Have Improved Since the New Millennium[END_REF], but other scores are developed, such as the Scoliosis Japanese Questionnaire 27 [START_REF] Doi | Reliability and validity of a novel quality of life questionnaire for female patients with adolescent idiopathic scoliosis: Scoliosis Japanese Questionnaire-27: a multicenter, cross-sectional study[END_REF].

CONCLUSION

This study confirms the expected benefits of an ERAS program after PSF surgery for AIS. The implementation of this program resulted in a faster mobilization and an earlier discharge. The quality of pain management also appeared to be improved. Overall, the development of such healthcare services serves as one of the most cost-effective ways to improve both the value and the quality of care delivered. In the future, it will be important to assess not only how such strategies improve immediate postoperative recovery, but also how they affect the patient's rehabilitation and the quality of life during the long term follow-up. 

ANNEXE

INTRODUCTION

La chirurgie de scoliose idiopathique de l'adolescent est une intervention majeure en pédiatrie nécessitant une prise en charge pluridisciplinaire. Les programmes de réhabilitation améliorée après chirurgie (RAAC) ont pour principaux objectifs de minimiser les conséquences du stress chirurgical, optimiser le contrôle de la douleur et favoriser la reprise précoce de l'autonomie du patient. Ces programmes ont largement prouvé leurs bénéfices chez l'adulte mais restent encore peu évalués en pédiatrie. Cette étude avant/après avait pour objectif d'évaluer l'impact de la mise en place d'un programme RAAC pour la chirurgie de scoliose idiopathique de l'adolescent. 
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CONCLUSION

Ces résultats confirment les bénéfices attendus d'un programme RAAC dans la chirurgie de scoliose idiopathique de l'adolescent avec un impact significatif sur la réhabilitation post opératoire et la durée de séjour. L'adhésion du patient et l'implication de l'ensemble des soignants s'avèrent essentielles à la réussite d'un tel programme.

Mots clés : Réhabilitation améliorée après chirurgie, scoliose idiopathique de l'adolescent, analgésie multimodale, chirurgie pédiatrique.
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 2 Figure 2: Intravenous morphine consumption and mean pain scores in the "After ERAS" group in postoperative days (POD).
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 5 Figure 5: Pain comparison before and after establishment of an ERAS protocol

  Protocole de PEC chirurgie de la scoliose idiopathique Pôle Femme-Mère-Enfant Unité d'anesthésie et soins continus chirurgicaux pédiatriques PRÉOPÉRATOIRE • PM : Hypnovel 10 mg +/-Atarax +/-Gabapentine 300 à 600mg • Emla® PER-OPÉRATOIRE • Agent IVSE : Propofol + Rémifentanil + Kétamine 0,15 mg/kg/h • Rachianesthésie Morphine 3 à 5 µg/kg max 300µg • ATB, Dexaméthasone, Ac Tranéxamique, Sulfate de Magnesium 30 à 40 mg/kg, Lidocaïne, AINS, Paracétamol, Néfopam, Ondansétron … • APD chirurgicales au mieux X 2 (Dose test + initiation Débit continue en SSPI) Naropéïne 0,1 -0,2 % + Catapressan 1 µg/ml à Dose max 0,25ml/kg/h au total POST-OPÉRATOIRE • Position PROCLIVE dans le lit (30/45° selon tolérance) • Boisson/Alimentation à la demande DÈS RETOUR EN CHAMBRE (à stimuler +++ dès J1) • ANALGÉSIE o PCA Morphine sans débit continue, relais PO J2/J3 idéalement dès que consommation morphine PCA < 20 mg (ou 20 Bolus pour les -de 50 Kg)/24h à Skenan® LP 10 à 20 mg /12h + interdose Atiskenan® 5 à 10 mg / 6h o APD Naropeïne + Catapressan 1µg/ml (+/-Fentanyl 1µg/ml à partir de H24) à Essaie arrêt APD à J3/J4: Retrait à J4 si OK o Paracétamol : Relais PO dès J2 o AINS: Relais PO dès J2 o Néfopam IVSE : Relais PO dès J2 o +/-: Gabapentine PO (5mg/kg X 3/j), Trimébutine (sachet 74 mg dispo à partir de fin Février 2018 -1 Sachet X 3/j -Solution injectable possible 50 mg/12h), Thiocolchicoside cp 4mg (AMM > 16 ans -1 à 2 Cp / 12h max 7 jours) o Anxiolitique si besoin : Bromazepam et/ou Hydroxyzine

  

  

  

  

  

  

  

  

COSTA David MCU-MG de 2 éme classe

  

	Chirurgie viscérale et digestive
	Pédiatrie
	Biochimie et biologie moléculaire
	FOLCO-LOGNOS Béatrice
	OUDE ENGBERINK Agnès
	LOPEZ Antonio
	MILLION Elodie
	PAVAGEAU Sylvain
	REBOUL Marie-Catherine
	SERAYET Philippe

Maîtres de Conférences des Universités -Médecine Générale Maîtres de Conférences associés -Médecine Générale

  

	HERRERO Astrid	Praticiens Hospitaliers Universitaires
	JEZIORSKI Éric BARATEAU Lucie		Physiologie
	KUSTER Nils BASTIDE Sophie		Epidémiologie, économie de la santé et prévention
	MAKINSON Alain DAIEN Claire		Maladies infectieuses, Maladies tropicales Rhumatologie
	PANTEL Alix GATINOIS Vincent		Bactérologie-virologie ; hygiène hospitalière Histologie, embryologie et cytogénétique
	PERS Yves-Marie GOULABCHAND Radjiv		Thérapeutique; addictologie Médecine interne ; gériatrie et biologie du vieillissement ; addictologie
	ROUBILLE Camille LATTUCA Benoit		Médecine interne ; gériatrie et biologie du vieillissement ; addictologie Cardiologie
	SZABLEWSKY MIOT Stéphanie		Anatomie et cytologie pathologiques Médecine interne ; gériatrie et biologie du vieillissement ; addictologie
	PINETON DE CHAMBRUN Guillaume	Gastroentérologie ; hépatologie ; addictologie
	SOUCHE François-Régis		Chirurgie viscérale et digestive
			12 / 13

13 / 13 REMERCIEMENTS Aux membres de mon jury, À Monsieur le président du jury, le Professeur Christophe DADURE,

  

	Vous me faites l'honneur de présider mon jury de thèse. Je vous remercie sincèrement
	de m'avoir accueilli et intégré au sein de l'équipe d'anesthésie pédiatrique. Merci pour
	votre soutien dans mes projets cliniques et expérimentaux, vous avez toujours été là
	pour me guider. Soyez assuré de mon admiration et de ma reconnaissance.

À Monsieur le Professeur Xavier CAPDEVILA,

  

	Je vous remercie d'avoir accepté d'être membre de mon jury et de juger ce travail.
	Vous êtes un véritable modèle pour nous les internes d'anesthésie réanimation. Vous
	avez su nous accompagner tout au long de notre internat, nous défendre et être à
	notre écoute. Soyez assuré de mon plus profond respect.

À Monsieur le Professeur Pierre François PERRIGAULT,

  

	Je vous remercie d'avoir accepté d'être membre de mon jury et de juger ce travail.
	Merci pour votre accueil dans votre service, en tant qu'interne et interne séniorisé.
	Il était important pour moi de vous avoir à mes côtés pour ce moment. Vous incarnez
	des valeurs humaines et professionnelles que je ne peux qu'admirer.

À ma directrice de thèse, le Docteur Chrystelle SOLA,

  

	J'aurais juste envie de te dire un grand « MERCI » pour tout mais c'est trop simple.
	Je devrais écrire l'équivalent d'une thèse si je devais te remercier pour tout ce qu'on a
	partagé depuis que tu m'as pris sous ton aile en troisième semestre. J'étais jeune mais
	tellement motivé, tu as su me montrer la voie de la rigueur et du travail. C'est un
	honneur de faire ce clinicat en te sachant à mes côtés. En espérant continuer de
	nombreuses années à partager des études cliniques, expérimentales, des
	présentations en congrès mais aussi des bières à tes cotés. En tout cas sache que de
	mon côté je serai toujours là pour te soutenir.

À ceux qui ont participé à ce travail, À Madame le Docteur Sophie BRINGUIER, merci

  pour ton aide à la réalisation des statistiques et ta bonne humeur à chacune de nos réunions.

À ma nouvelle équipe, l'anesthésie pédiatrique Montpelliéraine, Olivier, Philippe, Lucie, Laurent, Caroline, Andréa, Kevin, Gabrielle, Maud, Christine et Anne

  

	Charlotte. Quelle chance de travailler dans cette équipe et de continuer d'apprendre
	à vos côtés.
	À mes co-internes,
	Tout d'abord ma promo la SFARMILLE, Charlotte la plus brillante, Maxime un vrai
	binôme, Chris celui qui m'a fait le plus galérer dans les plannings, Kevin premier
	semestre ensemble et finir dans la même équipe un réel plaisir. Nico, Remy, Ben,

Béber, Alex, Matou, Julie, merci pour ces soirées, ces cours de DES, ces congrès et ces stages, tellement de souvenirs tous ensemble.

Aux amis de mes parents, Guy, Domi, Alain, Sophie, Cécilia, Alain, Céline, Olivier, Nathalie et Laurent.

  Merci pour votre présence dans tous les moments importants de notre vie et votre soutien dans mon parcours.

	À ma famille,
	À mes oncles tantes, cousins et cousines, je ne peux pas citer tout le monde
	tellement notre famille est grande, mais les intéressés se reconnaitront.
	À mes amis Parisiens
	Alice Daoud et Lucile, merci pour votre présence, en 2020 on retiendra le COVID,
	mais surtout la soirée d'anniversaire de David à Paris et notre journée Bateau …

Jéjé, Prissou, Kevin, Casa, Marvin, les Bourdon, les Degremont, les Petretti, Fanny et Nénette. Merci d'être toujours là depuis toujours pour certains et tellement d'années pour d'autres, ce groupe d'amis est une véritable famille. Aujourd'hui je suis fier de conclure mes études de médecine devant vous, et j'ai hâte que nous fêtions ça tous ensemble comme nous savons si bien le faire. Je vous aime les copains.

À mes amis de l'externat Nîmois,

Vincent et Alex, nos amis, nos voisins, nos compagnons de voyage, tellement de partage tous les quatre ces dernières années que je ne savais pas où vous placer dans mes remerciements entre mes amis et ma famille.

Annick, merci pour cette amitié depuis tant d'années, ce partage en D4 qui nous a permis de réussir, ta rigueur n'y est pas pour rien, Yoyo mon dentiste gitan, même si tu as acheté une voiture de Jacky je te kiff , Louis normalement je ne t'aurais pas encore rencontré mais sache que tu commences mal dans la vie en empêchant ta mère de faire la fête à ma thèse … Hedi, mon témoin de mariage, mon ami, tellement de souvenirs ensemble, en espérant que ça continue toute notre vie, Marie, « ma biche », surveille le Tunisien stp.

Arthur, « un génie » d'après tes chefs mais la nuit tombée tu te transformes en virus et c'est ce personnage que je kiff, je t'aime mon ami, Maeva, « mon chaton », un sourire magnifique, des soirées de malade, à continuer sans modération. Amaury, mon témoin de mariage, une amitié incassable malgré la distance, en espérant vous retrouver dans le Sud rapidement Marine, mon mini déchet de soirée médecine, alala ces manades que des bons souvenirs maintenant maman du petit Raphael, nous grandissons mais on aime toujours autant les moments passés tous ensemble.

Nico et

Maud, mon couple modèle, beau, jeune, sportif, artisan, bobo, écolo bref vous avez tout pour vous, sauf peut-être l'organisation de mon petit Nico mais je n'en dirais pas plus, je vous aime, hâte de voir un mini vous. Anabelle, Thibault et Henri, une jolie famille, un plaisir de passer des moments à vos côtés. La famille Huguet, une amitié depuis de nombreuses années et beaucoup de moments partagés. Joris et Laure, les Nîmois les vrais, un plaisir de vous avoir auprès de nous depuis tant d'année. Simon, le plus beau, le plus fou, je te kiff La famille Talles, une jolie famille Nîmoise À mes amis Montpelliérains La famille Gouiry, nos voisins, nos amis, une famille Madrilène tellement accueillante. La famille Castanié, nous avons hâte de vous retrouver au retour de la Nouvelle Calédonie. Les Aldebert, nous espérons rester encore voisins quelques années, et partager de nombreux voyages et randonnées avec vous. La famille Dagod, nos enfants du même âge nous ont rapproché, un plaisir de partager des moments avec vous. Nico, Claire, Léopold et Baptiste, un voyage à New York comme rencontre il y a pire … Merci pour tous ces moments partagés. Nadine, une si belle rencontre Max et Margot, un plaisir de partager des moments avec vous Timothée Charlotte et Léa, une belle famille, on se retrouvera bientôt chez la nounou. Chris et Marine, merci pour les soirées ensemble, et nous avons hâte de voir votre famille s'agrandir. Tutu, une amitié depuis le Lycée, même si on se voit peu tu sais que tu peux compter sur moi. Julien et la mère Davin, les meilleurs, hâte de reprogrammer un festival avec vous À mes grands-mères et Mamé, je suis tellement fier de soutenir ma thèse aujourd'hui devant vous.

À Ninou, tu es partie trop tôt, j'aurais été tellement fier de soutenir cette thèse devant toi, tu resteras pour moi un modèle de courage, le cancer a fini par gagner mais tu l'auras embêté tellement d'années. Repose en paix ma Ninou. À Claire, ma petite belle-soeur, la plus intelligente, Docteur avant moi, merci pour ton aide dans la relecture de cette thèse.

À Clément

Émilie Timothé et Camille, À Sylvain, Anne Charlotte, Chloé et Lou, Merci

  12ans nous séparent, je n'ai pas beaucoup été présent avec mes études de médecine et mon départ de la maison à 19ans. Mais aujourd'hui tu es une jeune femme épanouie, je suis fier de toi et de ton parcours, dans un rêve lointain je t'aurais imaginée dans quelques années soutenir une thèse comme moi mais ce n'était pas ta voie et tu as eu raison de ne pas te lancer. Je serai toujours là pour toi, je t'aime.Des souvenirs d'enfance plein la tête, nos bagarres, ton pouce dans la porte… Quelques années plus tard nos soirées ensemble, témoin de mon mariage, un super Finir ces remerciements par toi était une évidence mon amour.Ces années d'études et cette thèse, nous les avons faites ensemble, tu es mon équilibre, la personne qui arrive à me motiver et me soutenir dans toutes les situations. Si aujourd'hui j'ai réussi ce parcours c'est grâce à toi.

	SOMMAIRE Liste des Abréviations
	Liste des Abréviations …………………………………………………… ERAS Enhanced recovery after surgery
	AIS Adolescent idiopathic scoliosis
	Abstract ……………………………………………………………………. PSF Posterior spinal fusion
	LOS Length of stay
	Ensemble depuis 12ans, cinq années de mariage, une magnifique petite fille et Introduction ………………………………………………………………... CNIL National Committee on Informatics and Liberty
	encore plein de projets à venir, merci pour cette vie de rêve. PCA Patient controlled analgesia
	À mon frère, Richard, Methods ………………………………………………...…………………. 30 POD Postoperative day Je sais que tu vas pleurer du début à la fin de cette soutenance donc je vais essayer PACU Post-anesthesia care unit
	de ne pas te regarder pour rester concentré, je suis tellement fier de soutenir cette -Study Design ICU Intensive care unit
	thèse devant vous deux. BIS Bispectral index
	Je t'aime PONV Postoperative nausea and vomiting -New Protocol (ERAS) NSAIDs Non-steroidal anti-inflammatory drugs Enhanced recovery after surgery -Statistical Analysis BMI Body mass index EPO Erythropoietin (ERAS) for adolescent idiopathic scoliosis: Hb Hemoglobin Results ……………………………………………………………………… IV Intravenous
	a Before/After cohort study -Demographic Data
	-Primary outcome
	-Intraoperative management
	-Postoperative pain management
	-Secondary outcomes
	-Follow up data
	Discussion ………………………………………………………………….
	Conclusion ………………………………………………………………… 46
	Bibliography ……………………………………………………………… 47
	Annexes ……………………………………………………………………. 51

pour votre soutien toutes ces années et de former de si belles familles.

À mes beaux-parents, Alain, pour votre générosité et votre sens de la famille, Geneu, pour votre amour et l'énergie que vous transmettez à nos enfants.

À ma soeur, Lucie, tonton. Tu peux aussi être fier de ton parcours, aujourd'hui tu as acquis rapidement un poste à responsabilité. Je pense que ce n'est que le début, tu es pour moi quelqu'un de très intelligent qui va gravir tous les échelons. Aujourd'hui tu es en couple, j'espère que tu as trouvé la femme de ta vie, en tous cas Séverine, Victoria t'a validée ! À mes parents, Merci de m'avoir donné la chance de réussir ces études de médecine. Votre soutien a toujours été présent, je pense que ce concours de la première année de médecine vous a plus fait stresser que moi mais on l'a réussi ensemble.

Je suis fier aujourd'hui d'être le médecin que je suis, et c'est en partie grâce à vous. Merci de vous occuper si bien de notre princesse, c'est grâce à vous que nous pouvons enchainer les gardes en sachant que notre fille est entre de bonnes mains.

Aujourd'hui je sais que nous allons pleurer mais ce sera de la joie et de la fierté de prêter serment devant vous. Je vous aime.

À ma fille, Victoria,

Ma princesse, mon rayon de soleil. Je te remercie d'être si parfaite. Aujourd'hui tu as bientôt 4ans, et j'espère que tu garderas des souvenirs de ce moment.

À ma femme, Marie

Notre histoire c'est pour la vie, rien ne pourra briser notre famille, et je sais que tu seras toujours là pour me guider et m'aider à prendre les bonnes décisions dans ma vie professionnelle.

Table 2 : Patient demographic characteristics after propensity scoreTable 1 : Patient demographic characteristics

 21 
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  Après validation par les équipes médicales et paramédicales, le protocole RAAC a été appliqué à tous les adolescents bénéficiant d'une correction chirurgicale de scoliose. Les patients opérés d'une scoliose d'origine neuromusculaire ont été exclus de la présente analyse. Ce programme incluait la réalisation d'une rachianesthésie morphine associée à une double analgésie péridurale et la mise en place de mesures protocolisées de réhabilitations précoces multimodales. Après accord du comité d'éthique local et déclaration à la CNIL, les données rétrospectives de 73 adolescents opérés d'une chirurgie pour scoliose idiopathique entre janvier 2015 et janvier 2017 (Groupe Avant) ont été comparées avec celles des patients bénéficiant du programme RAAC depuis avril 2018 (Groupe Après). Le critère de jugement principal a été défini par la durée d'hospitalisation. Les délais de reprise alimentaire, du premier lever, du relais per os des antalgiques et de l'ablation de la sonde urinaire ont également été analysés. Après une analyse descriptive de l'ensemble de la population initiale, deux populations comparables (groupes Avant et Après RAAC) ont été définies à l'aide d'un score de propension.RESULTATSSur la période étudiée, 65 chirurgies de scoliose ont bénéficié du protocole RAAC dont 35 pour scoliose idiopathique (30 chirurgies pour scoliose neuromusculaire ont été exclues). Après score de propension, 32 patients par groupe ont été sélectionnés pour l'analyse définitive. Les caractéristiques démographiques et chirurgicales des groupes Avant et Après RAAC étaient comparables. La mise en place du programme RAAC était associée à une réduction significative de 25% de la durée moyenne de séjour [groupe avant RAAC 8,97 (±1,38) jours vs groupe après RAAC 6,64 (±0,93) jours] (p<0,01). L'ensemble des autres critères analysés, illustrant la reprise précoce de l'autonomie du patient étaient tous significativement diminués dans le groupe Après RAAC.

Primary outcome

The analysis of the primary outcome showed a significant decrease in the mean length of stay in the "After ERAS" group. This decrease was of 1.13 ± 1.48 days (95% CI, 0.65 -1.35; p<0.001) for intensive care hospitalization and of 2.10 ± 1.60 days (95% CI, 1.65 -2.35; p<0.001) for total hospitalization.

Intraoperative management

After the implementation of ERAS, 94% of patients benefited from an intrathecal morphine administration. The average dose of morphine administered was 3.39 ± 1.29 µg/kg. In addition, intravenous ketamine was reported in 100% of patients and intravenous lidocaine in 63% of them (22 of 32 patients). For all patients, in both groups, a cell saver processing and a tranexamic acid infusion were used. In comparison to the "Before ERAS" group, an average decrease in the bleeding rate of 722 ± 1450 ml (95% CI, 194 -1250) was found in the "After ERAS" group (p = 0.012).

No patient in the "After ERAS" group was transfused compared to 28% of patients in the "before ERAS" group (9 of 32 patients) (p < 0.001) (Table 3). The duration of surgery was longer in the "After ERAS" group with a difference of + 1.66 ± 1.81 hours (95% CI, 0.654 -1.35; p < 0.001). Ø Je donnerai mes soins gratuits à l'indigent et n'exigerai jamais un salaire au-dessus de mon travail.

Values are reported as mean ± SD, total number (%) p values <0.05 are considered significant
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