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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. 
 
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.   
 
 
KEYWORDS Enhanced recovery after surgery, Adolescent idiopathic scoliosis, 
Posterior spinal fusion, Multimodal analgesia, pediatric surgery. 
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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 (3). 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 (5). Current data show an overall 
prevalence of AIS of 0.47 to 5.2% (2,6) 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 (8,9). 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%) (10). 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 (11). Recent data suggest that the average length of stay (LOS) for 
a patient undergoing PSF for AIS is 5 to 6 days (12-14). 
 
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 (15,16). 
As the earliest discipline to implement ERAS, colorectal surgery offers a substantial 
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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 (17-19). 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 (20). 
 
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. 
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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 IRB-
approved 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.  
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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 
(CardioQâ 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:   
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- 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 high-
fiber 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 
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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. 
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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  
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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  

  
Table 2: Patient demographic characteristics after propensity score 

  
Table 1: Patient demographic characteristics 
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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).  
 

 
 
 

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

  
Table 3: Intraoperative data 
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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.  
 
Figure 2: Intravenous morphine consumption and mean pain scores 
in the “After ERAS” group in postoperative days (POD). 
 
A: Intravenous morphine consumption in mg/kg  
B: Mean daily pain scores on a numeric pain score 
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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. 
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Values are reported as mean ± SD   
p values <0.05 are considered significant 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table 5: Postoperative data in days   
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Figure 3: Before/After ERAS protocol comparison on main ERAS 
criteria 

 
 
 
 

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).  
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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).  
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Figure 5: Pain comparison before and after establishment of an 
ERAS protocol 
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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 (21-24). 
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 (25). 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 (26-29). 
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 (30). 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 (31-
33). 
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 
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opioid administration. Previous studies have shown that intrathecal opioid 
administration was effective in reducing intraoperative opioid use, as well as early post-
operative opioid use and pain scores (34-37). Studies also showed that intrathecal 
opioid administration could decrease peri operative blood loss during Idiopathic 
Scoliosis Surgery (38,39). 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 (40,41).  
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 (42), 
whereas the other study found no difference in pain scores after a single preoperative 
dose (43). 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 (44-46). 
However, the postoperative analgesic effect of adjuvant ketamine in patients 
undergoing scoliosis correction surgery for AIS is controversial (47,48). 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 (49-53). However, centers implementing ERAS protocols have 
tended to abandon epidural analgesia, using only intrathecal morphine (54). 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 (55). 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 (56). 
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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 (57). 
 
 
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 (58-59).  
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 (60), but other 
scores are developed, such as the Scoliosis Japanese Questionnaire 27 (61). 
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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.  
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ANNEXE 
 
 

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 
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• Administration Fer injectable en fonction de l'Hémoglobine post opératoire 

• Antiémétiques systématiques 24h puis ALD : Ondansétron 4mg / 8h 

• IPP X 1/ j 

• Antibioprophylaxie 24h  

• Bas de contention  

• Énoxaparine (Lovenox®) 0.4 ml SC X 1 / j dès J1 après accord Anesth  

• Kinésithérapie motrice X 2/J dès J1 

• Kinésithérapie respiratoire (+ mise en place de techniques incitatives 
"bulles"/EzPAP®) dès J1 

• Verticalisation PRÉCOCE dès J1/J2 +++ selon tolérance 

• Laxatif + fibres + Hepar® + Chewing-gum ALD 
• Retrait de la sonde urinaire systématique à J2 
Si difficulté mictionnelle à Phloroglucinol +/- Naloxone IV *  
*Exemple protocole pour Naloxone en cas de rétention urinaire (1 Amp de 0.4mg à diluer 
à 40 cc soit 0.01mg/ml)à Rétention urinaire : 0.001 mg/kg soit 0.1 ml/Kg toutes les 5 à 
20 minutes; maximum 2 bolus/h 
• Drain de Redon "vide cassé" J0 et J1, remis "au vide" à J2 
• Réfection Pansement + Retrait drain de Redon à J3 après accord chirurgical 

 
 

Ex ORDONNANCE SORTIE USCC 
 

Paracétamol 
Bi-profenid LP 50 mg X 2 par jour 

Actiskenan 5 à 10 mg / 6h ALD 
IPP X 1/j 

 
Ex ORDONNANCE SORTIE DOMICILE 

 
Paracétamol 

Bi-profenid LP 50 mg X 2 par jour 
Contramal 50 mg / 6 à 8h ALD 

IPP X 1/j 
 

SUIVI  
Consultation ORTHO X 2 À M1 puis entre M3 et M6 
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SERMENT 

 
 

 
 
 
Ø En présence des Maîtres de cette école, de mes chers condisciples et 

devant l’effigie d’Hippocrate, je promets et je jure, au nom de l’Etre 
suprême, d’être fidèle aux lois de l’honneur et de la probité dans 
l’exercice de la médecine. 

 
 
Ø Je donnerai mes soins gratuits à l’indigent et n’exigerai jamais un 

salaire au-dessus de mon travail. 
 
 
Ø Admis (e) dans l’intérieur des maisons, mes yeux ne verront pas ce qui 

s’y passe, ma langue taira les secrets qui me seront confiés, et mon état 
ne servira pas à corrompre les mœurs, ni à favoriser le crime. 

 
 
Ø Respectueux (se) et reconnaissant (e) envers mes Maîtres, je rendrai à 

leurs enfants l’instruction que j’ai reçue de leurs pères. 
 
 
Ø Que les hommes m’accordent leur estime si je suis fidèle à mes 

promesses. Que je sois couvert (e) d’opprobre et méprisé (e) de mes 
confrères si j’y manque. 
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RÉSUMÉ 
 
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. 
 
MATERIELS ET METHODE 
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. 
 
RESULTATS  
Sur 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. 
 
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.  


