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Introduction

Scoliosis surgery is a major paediatric procedure requiring
multidisciplinary management. Current data show an overall
prevalence of adolescent idiopathic scoliosis (AIS) of 0.47–5.2% [1]
and an incidence of approximately 3% in France. 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 further curve progression. The technique used in our
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A B S T R A C T

Introduction: Adolescent idiopathic scoliosis (AIS) surgeries are major paediatric procedures requiring

multidisciplinary management. Enhanced recovery after surgery (ERAS) programs, with proven benefits

in adults, remain poorly developed in paediatrics. The main objective of this Before/After study was to

evaluate the impact of an ERAS program implementation for AIS on length of stay (LOS) and

postoperative recovery.

Methods: The ERAS protocol included intrathecal morphine, standardised multimodal analgesia and

multidisciplinary measures for early recovery. Retrospective data from adolescents operated between

2015 and 2017 (‘‘Before ERAS’’ group) were compared with data from patients benefiting from the ERAS

program (‘‘After ERAS’’ group). Patients treated for neuromuscular scoliosis were not included. After a

descriptive analysis, a propensity score matching defined two comparable populations. The main

outcome was the LOS. The time to first solid food intake, first ambulation, first bowel movement and

Foley removal were also analysed.

Results: During the "Before ERAS’’ period, 73 underwent PSF for AIS. Thereafter, 65 patients benefited

from the ERAS protocol, including 35 for AIS. After propensity score application, 32 patients of the ‘‘After

ERAS’’ group were matched with 32 patients of the ‘‘Before ERAS’’ group. The ERAS implementation was

associated with 25% reduction in LOS (2.10 � 1.60 days p < 0.001). All other enhanced recovery criteria

were significantly reduced after ERAS implementation.

Conclusion: These results confirm the expected benefits of ERAS program in AIS with a significant impact

on postoperative recovery and LOS. Patient adherence and the involvement of all caregivers are essential

to the success of such a program.
�C 2022 Société française d’anesthésie et de réanimation (Sfar). Published by Elsevier Masson SAS. All

rights reserved.

Abbreviations: ERAS, enhanced recovery after surgery; AIS, adolescent idiopathic

scoliosis; PSF, posterior spinal fusion; LOS, length of stay; CNIL, National Committee

on Informatics and Liberty; PCA, patient-controlled analgesia; POD, postoperative

day; PACU, post-anaesthesia care unit; ICU, intensive care unit; BIS, bispectral

index; PONV, postoperative nausea and vomiting; NSAIDs, non-steroidal anti-

inflammatory drugs; BMI, body mass index; EPO, erythropoietin; Hb, haemoglobin;

IV, intravenous.
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mong other complications, which can reach a rate up to 5%. The
ost common complications of posterior spinal instrumentation

nclude infection (1.35%), pulmonary complications excluding
ulmonary embolism (0.95%) and neurological injuries (0.32%)
2]. AIS surgery also leads to moderate to severe acute postopera-
ive pain, opioid related side effects and delay in mobilisation. This
an result in significant patient morbidity with a potential
xtended hospitalisation and delayed functional recovery at home
3]. The average length of stay (LOS) after PSF varies because it
artly depends on the local conditions, on the day of surgery and on
here the patient’s rehabilitation (home vs. specialised centre) is

oreseen.
Initially described to promote early recovery and to decrease

he LOS, enhanced recovery after surgery (ERAS) has since
volved to focus on optimising the perioperative experience of
urgical patients. The current definition includes a multidisciplin-
ry and multimodal approach to improve surgical outcomes by
sing subspecialty and procedure-specific evidence-based pro-
ocols in the care of surgical patients. In adults, ERAS programs
ere introduced in 1997 by Henrik Kehlet [4,5]. As the earliest

iscipline to implement ERAS, colorectal surgery offers a substan-
ial body of literature supporting its benefits. To date, ERAS has
een implemented in various surgical specialties. The many
ublished studies report a decrease in postoperative complica-
ions, a reduction of the LOS, an improvement of patient
atisfaction and a significant cost reduction [6]. In light of the
pparent success of ERAS programs in other surgical disciplines,
hey are currently implemented for spine surgery. However, it still
emains poorly developed and evaluated in the paediatric
opulation [7].

The purpose of this before/after study was to implement an
RAS program after spine surgery and to evaluate its impact on the
OS in our centre and postoperative recovery in surgery for
dolescent idiopathic scoliosis.

ethods

After a two-year period of observation and analysis of every
spect of cares delivered to patients undergoing a PSF in our
aediatric centre, a multidisciplinary reflection was initiated in
rder to develop and implement an ERAS protocol specifically
esigned for scoliosis surgery in the adolescent population.

tudy design

thics

This study was approved by the Institutional Review Board
2018_IRB-MTP_10�03) and declared to the clinical trials registry
Clinicaltrial.gov - NCT04012528), according to French law.

opulation

The ‘‘Before ERAS’’ group included the patients undergoing
urgical scoliosis correction between January 2015 and January
017. The patients of the ‘‘After ERAS’’ group were taken in charge
fter the implementation of the ERAS Protocol, from April 2018 to
anuary 2020. Data of all the paediatric patients during these two
tudy periods underwent a retrospective chart review (‘‘Before
RAS’’ group) or a retrospective analysis of prospectively collected
ata (‘‘After ERAS’’ group).

ments and duration of surgery. Postoperative data included the
duration of effective morphine patient controlled analgesia (PCA)
placement, the resumption of feeding and bowel movements, the
first mobilisation, the presence of vomiting within the first 24 h
and the length of hospital stay (LOS).

The duration of surgery was defined, based on the anaesthetic
records, from the incision to the end of surgical wound dressing.
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-hospitalisation
directly related to the scoliosis surgery. Although postoperative
pain scores (numeric rating scale) were used to adapt postopera-
tive analgesia, we could not retrieve them in the patient’s files and
they were thus not analysed in this study. However, the following
data were recorded by the surgeons during the surgical follow-up
visit one month, three months and one year after surgery:
resumption of physical activity, presence of prolonged postopera-
tive pain, pain physician consultation and occurrence any
complication.

Objectives

The main outcome of this study was the difference in LOS
following the implementation of an ERAS program after PSF
surgery for AIS.

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

No standardised protocol was used in the ‘‘Before ERAS’’ group.
The preoperative, intraoperative and postoperative patient’s
management were left at the discretion of the anaesthesiologist
in charge.

Preoperative management

For all patients, a blood saving strategy with preoperative
erythropoietin preparation, associated with oral iron supplemen-
tation, was implemented based on the preoperative haemoglobin
level.

Preoperative pain was evaluated by a numeric rating scale on
hospital admission. Painful patients were defined by a numeric
rating scale > 3 on admission.

Pharmacological premedication (midazolam, hydroxyzine, pre-
gabalin) was prescribed at the anaesthetist’s discretion before the
transfer to the operating theatre.

Intraoperative management

After ERAS program implementation, the intraoperative anaes-
thetic management was standardised.

Following placement of the standard monitoring, intravenous
induction was conducted using a target-controlled infusion of
propofol (Schnider model), remifentanil (Minto model), a ketamine
infusion (0.15 mg/kg/h), intravenous lidocaine (1 mg/kg) and
magnesium sulphate (30 mg/kg), followed by endotracheal
intubation. Intrathecal morphine injection (3–5 mg/kg — maxi-
mum dose 300 mg) was performed prior to incision. The
maintenance of anaesthesia was performed intravenously and
was monitored by a bispectral index (BISTM)). Haemodynamic
stability was monitored by transesophageal Doppler coupled with
ollected data

Demographic data included age, sex, weight, height, degree of
coliosis and number of instrumented vertebral levels. Intraoper-
tive data included perioperative analgesic modalities used,
stimated blood loss, perioperative blood transfusion require-
2

invasive arterial blood pressure measurement (CardioQ1 ODM+,
Deltex Medical).

Multimodal analgesia, included the use of dexmedetomidine
(0.5 mg/kg/h).

Both cell salvage and a tranexamic acid infusion were used as
part of perioperative blood-sparing strategy.
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The prevention of postoperative nausea and vomiting (PONV)
was also standardised (dexamethasone, droperidol and ondanse-
tron).

Before skin closure, the surgeon placed, under visual control,
two epidural catheters in the thoracic and lumbar areas.

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

Postoperative management

After ERAS program implementation, 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 (1 mg/kg/d) and nefopam
(1 mg/kg/d) for 24–48 hours;

- the use of a morphine PCA with rotation to oral opioid
administration (Actiskenan1, Laboratories BRISTOL-MYERS
SQUIBB) at 48 h;

- the maintenance of double epidural catheters until the fourth
postoperative day with continuous wound infusion of 2%
ropivacaine (0.4 mg/kg/h) with clonidine (1 mg/ml) as adjuvant
(Appendix A).

Patients were encouraged to start a regular diet as soon as the
transfer from the PACU was initiated.

The resumption of transit was stimulated by a laxative
prophylactic treatment combined with a high-fibre diet.

Physical therapy was standardised in the ‘‘After ERAS’’ group
and started on the first postoperative day. The aim was an early
verticalisation at the first or second postoperative day.

Patients returned at home immediately after leaving the
hospital without being admitted in a rehabilitation centre.

Statistical analysis

The number of subjects required was calculated based on the
main outcome defined by the LOS. Prior to the implementation of
the ERAS protocol, the LOS was 9 days (+/�3). We estimated that
after the implementation of the new ERAS protocol, a reduction in
the LOS to 7 days (+/�3) would be clinically significant.

With a risk a 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 per-
centages 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-randomised controlled trial. A multinomial logistic
regression on the global population evaluated significant cova-
riates that should be included in the propensity score estimation
model. Finally, weight, BMI, thoracic scoliosis degree, erythropoi-
etin (EPO) protocol, preoperative haemoglobin, preoperative pain
and preoperative gabapentine were matched in the propensity
score analysis. The selection process was done without replace-
ment, 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 analysed
by the paired student or Wilcoxon tests for quantitative data and
the Mac Nemar test for qualitative data.

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, 95 patients benefited from a
scoliosis surgery, including 73 who underwent a PSF for idiopathic
scoliosis. During the ‘‘After ERAS’’ period, 65 patients benefited
from the ERAS protocol. Patients who underwent PSF for
neuromuscular scoliosis (n = 30) were not included in the present
analysis (Fig. 1).

Demographic data were similar in the two groups, except for
body mass index and preoperative gabapentin use (Table 1).

After propensity score matching, 32 patients in each group were
analysed (Table 2).

Only the results of the propensity-matched groups are reported
and discussed.
Fig. 1. Flow chart.
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rimary outcome

The analysis of the primary outcome showed a significant
ecrease in the mean length of stay in the ‘‘After ERAS’’ group of
.10 � 1.60 days (95% CI, 1.65–2.35; p < 0.001) for total hospitalisa-
ion.

ultimodal analgesics

After the implementation of ERAS program, 94% of patients
enefited from an intrathecal morphine administration. The
verage dose of morphine administered intrathecally was
.39 � 1.29 mg/kg. In addition, ketamine and dexmedetomidine
fusion were reported in 100% of patients. These infusions were not

ssociated with any side effects or complications.
The duration of morphine PCA was significantly decreased by

.5 � 2.08 days (95% CI, 1.28–2.72; p < 0.001) in the ‘‘After ERAS’’
roup compared to the ‘‘Before ERAS’’ group.

There was no significant difference on the analgesics ordered at
ischarge from the ICU between the two groups, except for
etoprofen, which was more frequently prescribed in the ‘‘After
RAS’’ group (p < 0.001).

lood management

In the two groups, an increase in the preoperative haemoglobin
alues secondary to the EPO protocol was noticed (+1.7 � 1 g/dl;
 = 0.001).

For all patients, in both groups, a cell saver processing and a
ranexamic acid infusion were used.

In comparison to the ‘‘Before ERAS’’ group, an average decrease
n blood loss 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).

Secondary outcomes

In the ‘‘After ERAS’’ group, we observed a decrease in the time to
return to 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 Foley catheter removal (-
2.55 � 1.27 days (95% CI, 1.64–2.36); p < 0.001). The time for the
bowel movement was shorter in the ‘‘After ERAS’’ group but not
statistically different between the two studied groups (�0.72 � 2.02
days (95% CI, �0.728–0.728); p = 0.06) (Fig. 2).

Follow-up data

According to the surgical follow-up data, the incidence of
preoperative and prolonged postoperative pain was not signifi-
cantly different between the two groups although there was a
trend for a decreased incidence in the ‘‘After ERAS’’ group (Fig. 3).

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 compli-
cations requiring a new hospitalisation 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. Recently, Julien-Marsollier
showed comparable results on the LOS [8]. More importantly,
there was no increase in the number of unplanned readmissions
related to LOS reduction in the post-ERAS period.

Length of stay

Our results are consistent with studies, which have demon-
strated the safety and the economic impact of an accelerated
discharge strategy in PSF surgeries for AIS after the implementa-
tion of an ERAS protocol [9,10].

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. These encouraging results are

able 1
atient demographic characteristics.

ERAS protocol Before (n = 73) After (n = 35) p Value

Age (y) 15.1 � 1.9 15.1 � 1.9 0.86

Female ratio 58 (79) 24 (69) 0.22

BMI (kg/m2) 19.7 � 3.7 21.1 � 3.8 0.02

Nb levels fused 10.5 � 1.8 10.5 � 3.1 0.34

Thoracic curve (degrees) 54.4 � 12.3 60.6 � 18.4 0.02

Lumbar curve (degrees) 43.7 � 10.6 46.5 � 22.6 0.59

Reference haemoglobin 13.7 � 1.1 13.8 � 1.1 0.60

EPO protocol 44 (60.3) 19 (54) 0.22

Preoperative haemoglobin 14.4 � 1.2 14.5 � 1.1 0.70

Preoperative gabapentin 63 (84) 20 (57) 0.001

Preoperative pain 27 (37) 14 (46) 0.36

alues are reported as mean � SD, total number (%), ratio female (%).

 Values < 0.05 are considered significant.

able 2
atient demographic characteristics after propensity score.

ERAS protocol Before (n = 73) After (n = 35) p Value

Age (y) 15.1 � 1.9 15.1 � 1.9 0.86

Female ratio 26 (81) 22 (69) 0.25

BMI (kg/m2) 19.7 � 3.7 21.1 � 3.8 0.02

Nb levels fused 10 � 2 10.5 � 3 0.26

Thoracic curve (degrees) 56.9 � 13.3 60.3 � 18.9 0.28

Lumbar curve (degrees) 47.1 � 8.1 47.7 � 20.4 0.90

Table 3
Intraoperative data.

ERAS protocol Before (n = 32)After (n = 32)p Value

Blood loss (ml) (mean � SD) 1401 � 1367 669 � 530 0.01

Reference haemoglobin 13.5 � 1.1 13.8 � 1.1 0.29

EPO protocol 20 (63) 18 (56) 0.61

Preoperative haemoglobin 14.3 � 1.3 14.6 � 1.1 0.43

Preoperative gabapentin 27 (84) 19 (59) 0.03

Preoperative pain 15 (47) 11 (41) 0.64

alues are reported as mean � SD, total number (%), ratio female (%).

 Values < 0.05 are considered significant.

Patients transfused 9 (28) 0 (0) 0.001
Intrathecal morphine 0 (0) 30 (94) 0.001
Fibrinogen 10 (31) 3 (9) 0.03
Number of levels fused 10 � 2 10.5 � 3 0.26

Duration of surgery (hours) (mean � SD) 4.3 � 0.9 5.9 � 1.4 0.01

Values are reported as mean � SD, total number (%).

p Values < 0.05 are considered significant.
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also consistent with those of ERAS protocols for other adult
orthopaedic surgeries.

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 recovery.

Multimodal analgesics

The standardisation of multimodal postoperative analgesia was
an important part of the ERAS protocol [11]. Indeed, PSF generates
severe postoperative pain, with multiple and complex causes: an

extensive dissection of subcutaneous tissues, bones and ligaments
and various noxious stimuli.

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 paediatric orthopaedic surgery, NSAIDs
demonstrated a better analgesia and a decreased opioid consump-
tion, while reducing both opioid-related gastrointestinal side
effects and the length of stay [12].

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.

Fig. 2. Before/After ERAS protocol comparison on main ERAS criteria.
Fig. 3. Number of patients presenting with pre- and prolonged postoperative pain.
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revious studies have shown that intrathecal opioid administra-
ion was effective in reducing intraoperative opioid use, as well as
arly postoperative opioid use and pain scores [13,14]. Studies also
howed that intrathecal opioid administration could decrease
erioperative blood loss during idiopathic scoliosis surgery
15,16]. In concordance with these studies, we confirmed the
enefits of intrathecal morphine in blood-saving management for
SF surgery. This study reported a significant decrease in

ntraoperative blood loss in the group with more frequent
ntrathecal opioid administration.

Earlier mobilisation observed in the ‘‘After ERAS’’ group could
lso be partially due to the benefit of intrathecal opioid
dministration on postoperative pain management.

As part of multimodal analgesia, Gabapentin has been studied
or paediatric PSF, with conflicting results. Among two randomised
ontrolled clinical trials, one reported an improvement in early
ain scores and a reduced opioid consumption in the first 48 h
fter surgery with pre and postoperative gabapentin administra-
ion [17], whereas the other study found no difference in pain
cores after a single preoperative dose [18]. As described in the
ethod section, gabapentin used in the current study was left to

he discretion of the anaesthetist in charge of the patient.
We systematically used intraoperative intravenous ketamine

nfusion in the ERAS protocol. Intravenous ketamine was contin-
ed postoperatively for an average of two days in the "After ERAS"
roup. Studies have shown a decrease in pain scores and opioid
onsumption when used in patients undergoing various types of
urgeries [19,20]. However, the postoperative analgesic effect of
djuvant ketamine in patients undergoing scoliosis correction
urgery for AIS is controversial [21].

Double epidural analgesia has shown its effectiveness in pain
anagement for scoliosis surgery [22,23]. However, centres

mplementing ERAS protocols have tended to abandon epidural
nalgesia, using only intrathecal morphine [24]. In addition, the
ochrane database published in 2019 concludes that there is
edium and low quality evidence indicating a slight additional

eduction in pain, up to 72 h after scoliosis surgery, with epidural
nalgesia, in comparison to systemic analgesia [25]. However, it is
ikely that the efficacy and safety of epidural analgesia depends on
he experience of the healthcare team. We decided to combine
ntrathecal opioid administration with double epidural analgesia,
istorically used in our centre, to optimise postoperative pain
anagement.

omplications

The results also showed a lower rate of postoperative
omplications, reported at follow-up, in the group having
enefited from the ERAS protocol but without reaching signifi-
ance. We confirm that it appears safe to reduce the length of stay
ithout compromising readmission rates.

It is important to recognise that the role of the ERAS protocols
annot be limited to simply reducing the overall cost of care. It
hould also take into consideration the experience that patients
nd their families go through once a decision to proceed with an
peration is taken. Many indicators could be used to measure the
uality of care. Postoperative pain can be a reliable indicator, as it is

 major concern for patients undergoing surgery [26].

imits

and prospective. It is conceivable that the healthcare team having
participated in the design of the ERAS protocol was enthusiastic 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.

The duration of the operation was indeed longer in the ERAS
group. Surgeons changed their surgical technique over time with
new equipment and the technique of monitoring evoked
potentials. There was a learning curve, which limited our results.

Another limitation is the lack of assessment of postoperative
pain scores and postoperative morphine consumption. The
literature confirms [8–27] the interest of multimodal analgesia
in reducing morphine consumption and pain scores in PSF
surgeries for AIS.

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. The SRS (Scoliosis Research Society) score appears
to be the gold standard satisfaction score after PSF surgery for AIS
[28].

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 mobilisation 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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ue to the use of a Before/After study, which is both retrospective
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