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Abstract
Background The aim of this study was to investigate whether the implementation of enhanced recovery after surgery (ERAS)
guidelines according to Thorell and co. in our tertiary referral bariatric center might improve post-operative outcomes.
Methods ERAS program was introduced in our center since January 1, 2017. Retrospective review of a prospectively collected
database identified patients who underwent laparoscopic primary and revisional bariatric surgeries fromOctober 2005 to January
2018. Patients exposed to ERAS program (BERAS group^) were matched in a 1:1 ratio with patients exposed to conventional
care (control group) using a propensity score based on age, gender, preoperative body mass index (BMI), diabetes mellitus, and
the type of procedures. The primary outcome was total hospital length of stay (LOS) and the secondary outcomes included the
post-operative complications and readmission rates.
Results During the study period, 464 patients were included, 232 in each group. Implementation of the ERAS protocol was
significantly associated with a reduction of LOS (2.47 ± 1.7 vs 5.39 ± 1.9 days, p < 0.00001). One-third of patients was
discharged (77/232, 33%) on the first postoperative day (POD) and more than three quarter of patients on POD 2 (182/232,
77%). At the opposite, no patients of the control group were discharged on POD 2. Overall 30-day and 90-day morbidity and
readmission rates were the same in both groups. There was no death in each group.
Conclusions This large case-matched study using a propensity score analysis suggests that implementation of ERAS program
significantly reduced length of hospital stay without significant increases on overall morbidity, and readmission rates.
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Introduction

Bariatric surgery has now been established to be safe and
effective for long-term weight loss maintenance and control
of obesity-related disease as demonstrated by randomized
controlled trials [1, 2]. Roux-en-Y gastric bypass (RYGB)
and sleeve gastrectomy (SG) are the most widely used surgical
procedures, accounting for approximately 75% of all proce-
dures. Enhanced recovery after surgery (ERAS) has deeply
changed the approach of perioperative care toward major sur-
gical procedures. Strong evidence of consistent benefits of
ERAS has been reported since its initiation by Kehlet et al.,
especially for colorectal surgery [3–5]. The adoption of ERAS
pathways has resulted in improved outcome in terms of re-
duced morbidity, faster recovery, and reduced length of hos-
pital stay in dedicated centers [6, 7]. The literature concerning
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the implementation of ERAS programs into bariatric surgery
is still scarce.

However, two recent systematic reviews with meta-
analysis have shown that enhanced recovery programs into
bariatric surgery decreased significantly the length of stay
with no significant influence on overall morbidity or specific
complication rates as compared with conventional care [8, 9].
The limitations to these reviews included the heterogeneity
regarding the individual protocols used among the studies
(i.e., ERAS, alternative clinical pathways, fast-track pro-
grams) and the poor quality of the papers included (only one
randomized controlled study [10]). Moreover, 9 studies of the
13 included in the most recent meta-analysis [8] were pub-
lished before ERAS guidelines were published [11]. In addi-
tion, another review which has included five comparative
studies applying ERAS protocols [12] was limited by the lack
of information of the included studies. To our knowledge, it is
useful to establish whether ERAS principles applied to bariat-
ric surgery can improve outcomes.

With our long-term experience in laparoscopic bariatric
surgery [13–15], our surgery department introduced since
January 1, 2017, the ERAS program according to recent
guidelines published by Thorell and co. [11]. The current
study prospectively investigated both effectiveness and safety
of the implementation and validation of ERAS guidelines for
bariatric surgery as compared with conventional care, in re-
gard to length of hospital stay, post-operative morbidity, and
readmission rates.

Patients and Methods

Study Design

Data were retrospectively collected from a prospectively
maintained database of morbidly obese patients undergoing
laparoscopic RYGB, LSG, or revision from sleeve gastrecto-
my to Roux-en-Y gastric bypass (LSG to LRYGB) from
October 2005 to January 2018 at our French tertiary referral
bariatric center. This study has been approved by the local
medical ethics committee; no individual inform consent was
necessary as it was a retrospective analysis. The indication for
bariatric surgery is assessed using the IFSO criteria [16] and
all cases were endorsed in a local interdisciplinary consensus
meeting.

Patients were stratified into standard protocol (control
group) and ERAS protocol groups. The control group includ-
ed consecutive bariatric surgeries performed between October
2005 and December 2016 while the ERAS group included
consecutive bariatric surgeries performed between January
2017 and January 2018. Only patients with a follow-up longer
than 6 months after bariatric surgery were considered for the
analysis. This BERAS group^ was matched in a 1:1 ratio with

the control group. The matching was made with a propensity
score based on age, gender, preoperative body mass index
(BMI), diabetes mellitus, and the type of procedures. The
investigators (HM and BM) were blinded to the primary end
points in both groups during manual matching to reduce bias.

Bariatric ERAS Intervention Protocol

Prior to the start of ERAS protocol in our department until
January 2017, all members of the multidisciplinary team in-
cluding surgeon, anesthesiologists, nurses, and management
staff have been to the Catharina Hospital in Eindhoven, in
order to train, update, and set up the project [17, 18].

Our ERAS protocol has been developed with the Thorell
et al.’s guidelines [11] and summarized in Table 1. All patients
were treated according to this protocol and the surgery was
performed only if they fulfilled the mandatory conditions. The
protocol was approved by all members of the bariatric team
[19].

Preoperative Management

The minimal preoperative follow-up was 6 months during
which patients were received several times in preoperative
appointments with the surgeon, the anesthetist, the dietician,
the endocrinologist, the physiotherapist, and the psychologist
[11]. Each steps of our CP were explained during all those
consultations. During the first consultation with the surgeon,
the biometrics values were collected. All along the preopera-
tive follow-up, the surgery prehabilitation of the patients in-
cluded the practice of exercise to improve their physiological
function without exceeding their maximal resistance, the ces-
sation or reduction (maximum 2 cigarettes per day) of
smoking at least 4 weeks before surgery, and the complete
cessation of alcohol for 2 years in case of history of alcohol
abuse [11]. Obstructive sleep apnea (OSA) was systemically
screened and a continuous positive airway pressure therapy
was introduced if the diagnostic was made to decrease the risk
of postoperative apnea [20]. Two weeks before the surgery, a
preoperative low-calorie diet (1000–1200 kcal/day) was initi-
ated to reduce the liver volume [11]. In patients with type 2
diabetes, this diet was associated with a modification of their
treatment by their endocrinologist to prevent hypoglycemia.
Nutritional issues were systematically explained in a dedicat-
ed group meeting led by a dietician. Two days before surgery,
the patient was called by a dedicated nurse (bariatric coordi-
nation nurse) to do a preoperative checklist. They were
reminded to recommendations of fasting for 6 h prior to the
anesthetic’s induction and all recent events were recorded. The
patients were admitted in a bariatric-dedicated ward on the
morning of their surgery except the high-risk patients
(insulin-dependent diabetes patients) who were admitted the
night before surgery. The surgeon and a dedicated nurse
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checked if the patient complied with all the preoperative con-
ditions: negative βhCG levels for women the week before the
surgery and weighing of the patients. A weight gain at the
admission led to an adjournment of the surgery.

Surgical Technique

All procedures were standardized to be administered in the
same way by all the surgeons of our center. The surgery was
performed by laparoscopy, in beach chair position with flexed
hip and a local analgesia by ropivacaine infiltration was per-
formed. No drain, urinary catheter, or nasogastric tube were
left [11]. The LRYGB operative technique included systemat-
ic bisection of the omentum, creation of a 30-ml vertical gas-
tric pouch, formation of an antecolic and antegastric Roux-en-
Y limb, a totally manual gastrojejunostomy with absorbable
suture and a linear-stapled jejuno-jejunostomy with sutured
closure of the defect. The Petersen’s and intermesenteric

defect were closed with a nonabsorbable suture. All the staple
l ines were reinforced by absorbable suture. The
gastrojejunostomy was tested with 60 ml of methylene blue
given with distal bowel occlusion.

The LSG was performed by multiple firings of a linear
stapler sizing over a 36F calibrating tube. We start the stapling
6 cm from the pylorus to the cardiac notch without section of
the left paracardial lymph nodes. The staple line was rein-
forced by absorbable suture. The LSG was tested with
150 ml of methylene blue.

The revision from LSG to RYGB was a single-stage pro-
cedure of which surgical technique was previously reported
[14].

Perioperative Management

Two hours before the induction, a preoperative carbohydrate
conditioning was made by the ingestion of a carbohydrate

Table 1 Items of our ERAS
protocol Items of the ERAS protocol

Prehabilitation Multidisciplinary information and counseling of the patient with a minimal follow-up of
6 months

Practice of exercise without exceeding the maximal resistance

> 4 weeks tobacco smoking cessation

If history of alcohol abuse: > 2-year alcohol consummation cessation

If OSA detected: > 2 weeks of continuous positive airway pressure therapy

2 weeks before surgery: low-calorie diet (1000–1200 kcal/day) ± adjustment of anti-diabetic
treatment

1 week before surgery: dietary workshop

2 days before surgery: preoperative checklist by phone

Preoperative Admission in a bariatric-dedicated ward the morning of the surgery

Negative βhCG dosage required

Fasting > 6 h for solids et > 2 h for clear fluids

2 h before surgery: carbohydrate drink loading (e.g., apple juice)

No premedication

Intraoperative Laparoscopic approach

Prophylactic antibiotics before incision

Compression stockings ± pneumatic stockings (if past of deep venous thrombosis or
pulmonary embolism or BMI > 50 kg/m2)

Hypothermia prevention

No epidural analgesia

Goal directed fluid management

Nausea and vomiting prevention by injection of dexamethasone

No abdominal drainage and no urinary or nasogastric tube

Postoperative Multimodal analgesia

Noninvasive ventilation only in case of OSA

Venous thromboembolism prophylaxis with an adjusted dose on BMI

Mobilization 4 h after surgery

Refeeding on day 0

Intravenous route removal on day 1

OSA obstructive sleep apnea, BMI body mass index
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drink (e.g., apple juice) [11]. All patients wear compression
stockings during the surgery except for the patients with BMI
> 50 kg/m2 or history of deep venous thrombosis/pulmonary
embolism (DVT/PE) who wore pneumatic stockings. The
transportation of patients was made in their bed but they make
the transfer from their bed onto the operation table alone to
prevent malposition [21]. Their monitoring was followed by a
pulse oximeter, EKG, blood pressure cuff, and a Bispectral
Index [11, 22]. Before surgery, the patients received intrave-
nous analgesics and antibiotics. To prevent postoperative nau-
sea and vomiting (PONV), they received intravenous gluco-
corticoids. All anesthetists were dedicated to this kind of sur-
gery and so aware of the specific difficulties in the manage-
ment of obese patient [11]. Our ERAS anesthesia protocol was
standardized as describe in Fig. 1 and based on the recommen-
dations of the guidelines [11]. The dose of drugs was indexed
on the ideal weight. After the surgery, patients were monitored
in the recovery room for 2 h after the surgery.

Postoperative Management

All patients were admitted in the dedicated ward and there was
no admission in intensive care unit (ICU) even for high-risk
patients. The systematic post-operative PONV protocol
contained four times daily 1 g paracetamol, four times daily
20 mg droperidol, two injections of parecoxib, tramadol
50 mg if necessary, and ondansetron 4 mg if necessary [11].
Four hours after the surgery, patients were mobilized to reduce
both the risk of DVT/PE and the pain [23, 24] and encouraged
to drink. We maintained a low intravenous volume of fluids at
the evening of the surgery in order to promote oral intake [11,
25]. Patients with CPAP followed their treatment in the post-
operative period to decrease complications rates [11, 26].

At postoperative day 1, the intravenous route was removed
and all the patients who underwent bariatric surgery ate to-
gether in a dedicated room. The diabetic patients were
screened by an endocrinologist to adjust the dosage of their
medication. If the patients met all discharge criteria (Table 2),
they would be discharged in the afternoon of the POD 1.
Those criteria were based on some studies which study risk
factors for long LOS or readmission after discharge [25,
27–30]. The written prescriptions were given by the surgeon
and contained analgesics, one-time daily proton pump inhib-
itors for 3 months, vitamin and minerals supplements, an ad-
justed dose to BMI of enoxaparin (i.e., 8000 IU for BMI >
40 kg/m2 and 10,000 IU for BMI > 50 kg/m2) during 15 days,
and 5 sessions of physiotherapy to promote the mobilization
after discharge. All information about diet, exercises, and
alarm symptoms were given by a dedicated dietician and
nurse. Two days after surgery, the patient was called by the
bariatric nurse to do a postoperative checklist (regarding pain,
nausea, vomiting, and mobility). The first follow-up visit with
the surgeon is scheduled 1 month after the surgery.

Data Collection

The relevant information for each patient were prospectively
collected. Patient characteristics (gender, age), biometrics
values (i.e., weight, height, body mass index BMI, percentage
of excess body weight), comorbidities (diabetes, hyperten-
sion, OSAS, dyslipidemia…), the ASA physical status classi-
fication system (ASA), surgical past history, medications, and
habitus were retrieved. For each patient, the surgeon’s experi-
ence and the operative time were collected. A surgeon was
considered as a junior if he performed less than 50 cases of the
same procedures [31]. Because some associated intervention
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during surgery (i.e., adhesiolysis, cholecystectomy, gastric
band ablation, reparation of intestinal wound, parietal repara-
tion) may adversely influence postoperative recovery or LOS,
their frequency was also recorded for analysis.

The postoperative data recorded included early and late
postoperative complications, length of hospital stay (LOS),
the rate of readmission in emergency room after discharge,
and the rate of rehospitalization and reintervention. Early
complications were defined as those that occurred until post-
operative day 30 (POD 30) or at any time during the primary
hospital stay. Late complications were defined as those that
occurred within 90 days postoperative (POD 90). We consid-
ered Bsurgery-related morbidity^ to be any complication
resulting from the surgical procedure, such as anastomotic
leakage, peritonitis, intraperitoneal bleeding, anastomotic
bleeding, or any other event directly caused by the surgery.
All the complications were stratified according to the Dindo-
Clavien scale [32]. A Dindo-Clavien classification of three
points or higher was considered as a severe complication.
Readmission rate was defined as unplanned hospitalization
after discharge from bariatric care unit within 90-day postop-
erative period.

Outcomes

Primary outcome of this study was total hospitalization length
of stay. Secondary outcomes were the rate of overall and se-
vere complications, rate of readmission in emergency room
for medical consultation, rehospitalization rate, and reopera-
tion rate within both 30 and 90 days, respectively.

Statistical Analysis

Statistical analysis was performed with R studio R3.2.1. Data
were presented as medians with 95% confidence interval or
mean with standard deviation (SD) as appropriate.

A propensity score matching (PSM) analysis was calculat-
ed to reduce selection biases. Considering the knowing criteria
of ERAS failing, patients matched in order to get two identical
population in the preoperative data to estimate which factors
influence the feasibility of ERAS protocol in bariatric surgery.
Patients were matched in 1:1 analysis with the closest estimat-
ed PS within 0.2 of the PSM standard deviation. For PSM, we

chose variables which were known to affect our main out-
come. As a result, PS was performed using logistic regression
including the following criteria: age, gender, preoperative
body mass index (BMI), diabetes mellitus, and the type of
procedures. After the matching process, the demographic data
of both groups were compared in order to demonstrate ade-
quate matching. Finally, both groups were analyzed regarding
the different variables in this study.

Comparison of variables used for the matching process
between the two groups was undertaken using chi-square or
Fisher’s exact tests as indicated (*), for categorical data.
Continuous variables were analyzed by two-sided Student’s t
test.

Results

Between January 1, 2017 and January 1, 2018, 232 consecu-
tive patients undergoing bariatric surgery were exposed to
ERAS program (BERAS group^). Our propensity score
matched those patients with 232 patients who underwent bar-
ia t r ic with convent ional care (Bcontrol group^) .
Characteristics of all patients are summarized in Table 3. No
significant differences were observed between both groups
except for a significant higher prevalence of OSAS, hypercho-
lesterolemia, and use of antiplatelet and anticoagulant among
patients exposed to the ERAS group. No-morbidity was sig-
nificantly more observed in patients of the control group as
compared with the ERAS group (70/232 vs 51/232, p = 0.03).

Postoperative outcomes are summarized in Table 4. Both
groups were comparable according to bariatric surgical proce-
dures of which 4.5% of cases were revisional. There was no
statistically significant difference in the number of additional
concomitant procedures performed in both groups. All proce-
dures were performed laparoscopically, except for 3 patients
who required conversion into laparotomy (0.65%). Mean op-
erative time was similar between both groups (130.1 min in
ERAS group vs 127.4 min in control group, p = 0.49).

Implementation of the ERAS protocol decreased signifi-
cantly the mean LOS as compared with conventional care
(2.47 ± 1.7 5.39 ± 1.9, p < 0.00001). Implementation of the
ERAS protocol has led to discharge one-third of patients
(77/232, 33.2%) on the POD 1 and more than three quarter

Table 2 Criteria of discharge at
postoperative day 1 (POD 1) Anamnesis Physical examination Laboratory test results

No pain and nausea

No pain during alimentation

Oral fluid intake > 100 ml
[42]

Good mobilization

No dyspnea

Heart rate < 100 bpm [44]

No abdominal pain

No fever

No oxygen desaturation during the past
night

CRP < 100 mg/l [45]

Creatinine < 100 μmol/l [46]

Hemoglobin decrease < 2 mmol/l
[46]
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Table 3 Preoperative
characteristics of patients in the
ERAS group and control group

Factors ERAS group

n = 232 (%)

Control group

n = 232 (%)

p value

Baseline characteristics

Age (years) (mean ± SD) 43.07 (11) 42.98 (11) 0.79

Female, n (%) 185 (79.8) 188 (81.1) 0.81

ASA 0.08

1 6 (2.6) 1 (0.4)

2 169 (72.8) 186 (80.2)

3 57 (24.6) 45 (19.4)

Biometrics value

Max weight (mean ± SD) 122.15 (24.29) 123.75 (24.30) 0.4

Preoperative weight (mean ± SD) 112.04 (22.55) 112.72 (22.47) 0.7

Preoperative BMI (mean ± SD) 40.67 (6.87) 40.82 (6.82) 0.77

Excess weight (mean ± SD) 46.25 (19.48) 46.74 (19.36) 0.74

Past medical history

Diabetes mellitus 60 (25.9) 71 (30.6) 0.26

Hypercholesterolemia 62 (26.2) 41 (17.7) 0.0192

Hypertension 75 (32.3) 89 (38.4) 0.17

Psychiatric history 42 (18.1) 24 (10.4) 0.54

Cardiac disease 15 (16.5) 7 (3) 0.004

Alcohol 4 (1.7) 2 (0.8) 0.41

Treatment

NSAID 6 (2.6) 5 (2.2) 0.76

Corticoids 8 (3.4) 3 (1.3) 0.06

Antiplatelet 30 (12.9) 14 (6) 0.01

Anticoagulant 7 (3.4) 1 (0.4) 0.004*

Pulmonary history

OSAS 109 (47) 77 (33.2) 0.002

Severe OSA (AHI ≥ 30) 11 (4.8) 9 (3.9) 0.65

Smoking 34 (16.4) 28 (12.1) 0.41

COPD 5 (2.2) 5 (2.2) 1

Asthma 34 (14.7) 24 (10.3) 0.16

Esophageal or gastric surgery history:

Revisional surgery 22 (9.4) 30 (13) 0.24

Gastric band 13 (5.6) 17 (7.3) 0.45

Toupet procedure 0 1 (0.4) 1*

Surgical history

Abdominal surgery 144 (62.1) 136 (58.6) 0.45

Laparotomy 19 (8.2) 23 (9.9) 0.52

Cholecystectomy 34 (14.7) 37 (16) 0.70

Cesarean intervention 60 (25.9) 44 (19) 0.08

Dermolipectomy 9 (3.9) 4 (1.8) 0.16

Preoperative examination

Gastritis 40 (17.3) 50 (21.6) 0.24

GERD 72 (32) 54 (23.3) 0.06

Barrett’s esophagus 8 (3.5) 4 (1.8) 0.24

SD standard deviation,AHIApnea–Hypopnea Index,NSAID nonsteroidal anti-inflammatory drugs,OSA obstruc-
tive sleep apnea, COPD chronic obstructive pulmonary disease, GERD gastroesophageal reflux disease

Italicized values are for significative results
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of patient on POD 2 (182 (77 on POD 1 and 105 on POD 2)/
232, 78.4%). At the opposite, no patients of the control group
were discharged on POD 2. Main reasons for delayed dis-
charge in the ERAS group (50/232 > POD 2) included minor
postoperative complications (n = 10, 20%), major complica-
tions (n = 2, 4%), inadequate control of pain at the beginning
of our experience (n = 16, 32%), patient’s social factors (n = 7,
14%; e.g., patient reluctant to be discharged home because of
living alone or > 2-h drive from hospital), postoperative nau-
sea and poor oral intake (n = 13, 26%), and difficulty to con-
trol diabetes mellitus (n = 2, 4%). Among the 33 patients who
came for readmission in emergency room, 29 (87%) were
admitted in the hospital. In the ERAS group, 5/15 patients
were discharged on POD 1, 3/15 were discharged on POD
2, and 7 were discharged after POD 2 (4 at POD 4, 2 at
POD 10, and 1 at POD 16). One hundred percent of patients
who came for readmission in emergency room were admitted
in the hospital in the ERAS group. Eighty-seven percent of
patients (13/15) in the ERAS group came for readmission in
emergency room between POD 13 and POD 20.

Number and type of complications within 30 and 90 days
respectively are shown in Table 5. In total, 65 of 464 (14%)
patients (32 patients in ERAS group and 33 patients in control
group, respectively) developed a postoperative complication
within 30 days from the original operation. Fifty-four of 464
(11.6%) patients (29 (12.5%) in ERAS group and 25 (10.8%)
patients in control group, respectively) developed a minor
complication (Dindo-Clavien grade I–II) and 11 of 464
(2.4%) (3 (1.3%) patients in ERAS group and 8 (3.5%) pa-
tients in control group, respectively) a severe complication
(Dindo-Clavien grade III–IV). There was no statistical differ-
ence in 30-day major or minor complications rates according

to Dindo-Clavien classification, between the two groups
(13.8% vs 14.2%, ns; Table 5). Six patients (two in ERAS
group and four in control group, respectively), needed a reop-
eration during the first hospitalization within index operation
due to bleeding on trocar wound (n = 3), stenosis of the
gastrojejunostomy of a LRYGB (n = 2), and a wound of the
pulmonary artery by a central catheter (n = 1).

Twenty-nine patients (15 in the ERAS group and 14 in the
control group, respectively)were readmittedwithin 30 days after
discharge. Half of these patients in the ERAS group were
discharged during the first 2 days postoperatively. Three patients
(1 in the ERAS group and 2 in the control group) experienced
severe post-operative complications: 2 of them required a reop-
eration due to a stenosis of the gastrojejunostomy of a LRYGB
and a bleeding on trocar wound in the second case. In the patient
with bleeding on the trocar wound, an endoscopic prosthesis
was necessary for a gastrojejunal anastomotic leakage. In the
ERAS group, 30 patients had antiplatelet agents and 7 had
anticoagulation. In the control group, 14 patients had antiplatelet
agents and 1 had anticoagulation. At POD 30, in the ERAS
group, 8 patients had bleeding complications (2 patients only
had antiplatelet agents and none had anticoagulation) and in the
control group, 8 patients had bleeding complications (1 patients
only had antiplatelet agents and none had anticoagulation).
There was no significant difference between the two groups
for the rate of readmission in emergency room for medical con-
sultation, hospitalization, and reintervention rates (Table 5).

Six patients (2 in the ERAS group and 4 in the control
group, respectively) were readmitted between the POD 30
and POD 90. Only two of them, in the control group, experi-
enced severe postoperative complications. One patient re-
quired emergency operation for incisional hernia and the

Table 4 Perioperative
characteristics of patients in the
ERAS group and control group

Factors ERAS group

n = 232 (%)

Control group

n = 232 (%)

p value

Type of procedures 0.65

LRYGB 153 (65.9) 157 (67.6)

LSG 70 (30.2) 63 (27.1)

LSG to LRYGB 9 (3.9) 12 (5.1)

Perioperative characteristics

Mean operative time (minutes) (± SD) 130.1 (40.4) 127.4 (40.4) 0.49

Laparotomy 1 (0.4) 2 (0.9) 0.56

Junior surgeon 73 (31.5) 95 (40.9) 0.24

Associated gesture during surgery

Adhesiolysis 11 (4.8) 12 (5.2) 0.83

Cholecystectomy 24 (10.4) 19 (8.2) 0.42

Gastric band ablation 3 (1.3) 1 (0.4) 0.32

Reparation of intestinal wound 9 (3.9) 4 (1.7) 0.16

Parietal reparation 4 (1.7) 2 (0.9) 0.41

LRYGB Roux-en-Y gastric bypass, LSG sleeve gastrectomy
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second was successfully treated by endoscopic dilatation for a
gastrojejunal stenosis. Finally, at day 90, the two groups were
comparable according to overall morbidity rate (15.5% vs
16.8%, p = 0.71), reintervention rate (1.3% vs 2.6%, p =
0.31), and readmission rate (7.3% vs 7.8%, p = 0.86) respec-
tively. No 90-day mortality was observed in each group. All
patients were followed-up at 6 months after surgery (Table 6).

Discussion

This case-matched study suggested that implementation of
ERAS protocol according to Thorell’s guidelines into bariatric
surgery is a safe and feasible programwhich improve outcomes.
In our experience, it reduced significantly the length of stay by
around 3 days without any statistically significance on the over-
all morbidity rate, specific complication rate, and readmission
rate, respectively.

ERAS protocols have changed the approach of perioperative
care toward many colorectal surgical procedures with strong ev-
idence of consistent benefits [33]. However, data from studies
evaluating the impact of ERAS pathways according to Thorell
et al.’ guidelines in patients undergoing bariatric surgery remain
sparse. To our knowledge, three meta-analysis [8, 9, 12] were
available in the literature and suggested that the use of ERAS
protocols in bariatric surgery shortened LOS compared to con-
ventional care without significantly increased complications.

In our study, length of hospital stay was 2.47 days which was
congruent with results found by other ERAS team [34]. LOS
was chosen as the primary outcome in our study because it is a
measure of efficacy while the rate of both complications and
readmissions, chosen as secondary outcomes are measures of
safety. According to recent analysis, most of patients who
underwent LGYBP required at least 2 days in the hospital for
adequate recovery [29]. Several comorbidities such as diabetes
mellitus, chronic obstructive pulmonary disease, renal insuffi-
ciency, and the experience of the surgeon were predictive of

Table 5 Postoperative events
within 30 days Factors Within 30 days after surgery

ERAS group
(%)

Control group
(%)

p value

Hospitalization

Length of hospital stay (mean) (days) 2.47 5.39 < 0.00001

Readmission in emergency room 15 (6.5) 18 (7.8) 0.72

Readmission in hospitalization 15 (6.5) 14 (6) 1

Reintervention 3 (1.3) 5 (2.2) 0.48

Overall postoperative complications according to
Clavien-Dindo classification:

32 (13.8) 33 (14.2) 0.65

1 21 20

2 8 5

3 2 7

4 1 1

5 0 0

Severe complications (n) 3 (1.3) 6 (2.6) 0.31

Surgical complications

Leakage 2 (0.9) 3 (1.3) 0.65

Stenosis 2 (0.9) 4 (1.7) 0.41

Bleeding 8 (3.5) 8 (3.5) 1

Medical complications

Dumping syndrome 0 3 (1.3) 0.25*

Vomiting 4 (1.7) 3 (1.3) 0.7

Intense pain 14 (6) 8 (3.5) 0.19

Pulmonary embolism 1 (0.4) 0 1*

Catheter infection 1 (0.4) 0 1*

Infections 6 (2.6) 5 (2.2) 0.76

Gastric ulcer 0 2 (0.9) 0.15

Complication of endocrine function 1 (0.4) 0 1*

Italicized values are for significative results
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prolonged hospitalization. These findings would not be appro-
priate in theory for fast-tracking [29, 35]. With our long-term
experience in laparoscopic bariatric surgery, our team consider
at the opposite that the higher the risks are, the more effort
should be given to enhance recovery: in our study, there were
the same number of patients who underwent surgery by a junior
or a senior surgeon, One quarter of patient’s exposed to the
ERAS group was classified as ASA score = 3, the prevalence
of OSA, hypercholesterolemia, and the use of antiplatelet and
anticoagulant were significantly higher among patients exposed
to the ERAS group as compared with patients in the standard
group with the same results on postoperative morbidity.

After implementation of the program according to
guidelines [11], we discharged one-third of patients within
24 h from the index operation and more than three quarter
(78.4%) of patients within 48 h from the index operation.
At the opposite, no patient without ERAS program was
discharged before the POD 2. This discrepancy may be
explained by establishment of clearly defined discharge
criteria, which may decrease the possibility of patients to
stay longer than required. In the early stage of implemen-
tation of our ERAS protocol, reasons for delayed dis-
charge beyond the POD 2 included inadequate control of
pain, poor postoperative nausea control, and poor oral
intake in more than half of the patients. Furthermore, if
we exclude the 100 first patients in the ERAS group—
according to the learning curve for an ERAS protocol [36,
37], the LOS was 1.96 days and 87% of patients were
able to discharge within 48 h from the index operation
(data not shown).

Our overall 30-day hospital readmission rate was 6.5% (n =
15) which is lower that the rate reported in the literature (0.9 to
8.3%) [38]. Six (40%) of these patients were admitted to the
emergency department because of reported inadequate pain
control and were discharged the following day with stronger
analgesia. To minimize any risk, specific instructions were giv-
en to all patients on discharge, with a 24/7 direct contact tele-
phone number and the recommendation to return to our hospi-
tal if any problem was experienced at home. Our low hospital
readmission rate can be explained because we had facility to
review the patient in emergency room and discharge.

Our overall morbidity rate within 30 days was 13.8%
in patients exposed to ERAS program. Although this val-
ue was high, it is in accordance with the one reported in
the literature (0.6 to 18.3%) [9, 12, 38]. However, this rate
was three times higher than Deneuvy et al.’s have recently
reported. This result must be interpreted with caution be-
cause in their study, 56% of patients were included in the
ERAS while all consecutive patients were exposed to
ERAS program in our study. No differences in overall
and specific complications were noted between both
groups [10] that are consistent with other bariatric
ERAS studies that yielded similar resul ts [39] .
Additionally, no influence of the type of surgery was not-
ed, including revisional bariatric procedures (data not
shown). In our experience, the majority of post-bariatric
surgery complications developed within the in-hospital.
Only 3 patients (0.65%) have required a reoperation with-
in 90 days after discharge. Furthermore, no 90-day mor-
tality was observed in each group. Therefore, it is reason-
able to assume that its introduction is safe, regardless the
type of operation.

However, implementation of ERAS protocol in our experi-
ence did not decrease significantly overall morbidity and spe-
cific complications rates as compared with the standard proto-
col. These results might be explained by the fact that elective
laparoscopic bariatric surgery led to postoperative complication
rate which is lower than in other fields of surgery. Further re-
duction in these may be difficult to achieve and probably may
require a highly powered study to show a significant decrease.

The present study has several potential limitations: the
study design was retrospective but relevant information for
each patient was prospectively collected in our tertiary center
of obesity management. Comparisons with historical controls
may introduce significant risk of bias but the use of a propen-
sity score allow to control and reduce the effect of confound-
ing factors. Furthermore, inclusion of consecutive patients ex-
posed to ERAS program without any exclusion reduces the
risk of selection bias. This study did not focus on our follow-
up rate. Although our team has followed a training program,
we considered that continuous auditing remains the main key
to achieving a high compliance rate.

Table 6 Postoperative events
between 30 and 90 days after
surgery

Factors

ERAS group (%) Control group (%) p value

Hospitalization

Readmission in emergency room 3 (1.2) 8 (3.4) 0.12

Readmission in hospitalization 2 (0.9) 4 (1.7) 0.41

Reintervention 0 1 (0.4) 1*

Overall postoperative complications (n) 4 (1.7) 6 (2.6) 0.52

Severe complications (n) 0 2 (0.9) 0.15*
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In conclusion, this case-matched study with a propensity
score highlights that implementation of ERAS protocol ac-
cording to Thorell’s guidelines into bariatric surgery is feasi-
ble and safe. This multidisciplinary strategy reduced signifi-
cantly the length of stay by around 3 days without any statis-
tical increase on overall morbidity, specific complications, and
readmission rates. In the future, assessment of quality of life
and cost-effectiveness analysis will be key elements in evalu-
ating the success of ERAS in the bariatric settings. Moreover,
ERABS needs prospective randomized controlled study to be
completely used in surgical bariatric management of patients.
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