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Background: Enhanced recovery after surgery (ERAS) programmes have led to a decreased duration of
hospital stay in several surgical fields, but have not been fully tested in patients undergoing laparoscopic
Roux-en-Y gastric bypass (LRYGB) for obesity. This study aimed to investigate an ERAS programme
versus standard care in these patients.

Methods: Between January 2013 and July 2014, patients undergoing LRYGB were randomized to ERAS
or conventional care. The primary outcome was functional hospital stay, defined as the time between end
of surgery and when predefined discharge criteria (pain adequately controlled, fever and postoperative
nausea and vomiting (PONV) absent, full liquid diet tolerated, mobilized and feeling fit for discharge)
were met. Secondary outcomes were total length of hospital stay, 30-day complication and mortality rates,
duration of surgery, time spent on the recovery ward and health-related quality of life.

Results: A total 220 patients were randomized to ERAS (110 patients) or conventional (110) care. Patients
in the ERAS group had shorter functional hospital stay (17-4 versus 20-5 h; P < 0-001), quicker pain control,
tolerated liquid diet earlier, had earlier control of PONYV, mobilized sooner and were comfortable with
discharge sooner than those receiving conventional care. Total length of hospital stay, duration of surgery,
time spent on the recovery ward, health-related quality of life, complication and readmission rates did not
differ between the study groups. There were no deaths.

Conclusion: Patients under ERAS care recovered faster after LRYGB surgery than those receiving
conventional care, with no increase in readmission and postoperative morbidity rates. Registration
number: NTR3853 (http://www.trialregister.nl/).
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Introduction

Bariatric surgery is the most effective way to achieve
sustainable weight loss and has a profound effect
on obesity-related co-morbidities!?. The laparoscopic
Roux-en-Y gastric bypass (LRYGB) procedure is one
of the most widely used bariatric operations®. Mortality
and short-term adverse event rates after LRYGB have
decreased significantly, from about 2 and 30 per cent
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respectively before the millennium*’ to around 0-2 and 4
per cent respectively in more recent studies®~8. Increasing
patient volume is associated with this decrease in adverse
~!1. Enhanced recovery after surgery (ERAS)
programmes are now used widely. They are designed to
decrease the impact of the cascade of events caused by
surgery'?, including the metabolic and immune responses
to surgery'>!*. ERAS programmes include preopera-
tive counselling, a standardized protocol in anaesthetic

events’
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management, standardized use of postoperative analgesics
and antiemetics, restriction of tubes and catheters, early
mobilization and early oral feeding!>1¢.

ERAS programmes have proven particularly successful
in colorectal surgery, where they have led to a decreased
length of stay (LOS) and a beneficial effect on in-hospital
resources (reduction in surgical and transfer times)!’. A
fast-track programme for patients having bariatric surgery
at the authors’ centre was introduced in 2011, and is
thought to be partly responsible for a decrease in LOS
from 3 days to 1day'®, although it is acknowledged that
this reduction mightalso be attributable to increased exper-
tise of the bariatric team. The only RCT!? performed in
a bariatric population involved patients undergoing sleeve
gastrectomy, and showed a decrease in LOS of 1 day,
compared with 2days in the conventional care group.
The aim of the present study was to examine the con-

tribution of an ERAS programme in patients undergoing
LRYGB.

Methods

This RCT was reviewed and approved by the medical
ethics committee of the Slotervaart Medical Centre. The
study protocol was registered in the Dutch Trial Register
(trial number N'TR3853). Patients were eligible for inclu-
sion if they were aged 18-65years and their BMI was
40kg/m? or above or 35 kg/m? or more plus one or more
of the obesity-related co-morbidities: hypertension, type
2 diabetes mellitus (T2DM), obstructive sleep apnoea,
hypercholesterolaemia and osteoarticular disease. Exclu-
sion criteria were patients with T2DM requiring insulin,
residence more than 1h by car from the hospital, ASA
fitness grade more than III, requiring another surgical
intervention besides the LRYGB in the same session,
undergoing a revisional bariatric procedure, insufficient
knowledge of the Dutch language and participation in any
other (therapeutic) study that might influence the primary
or secondary outcomes. Written informed consent was
obtained from all the patients who agreed to participate in
the study.

Patients were stratified between the surgeons to pre-
vent any differences in outcome caused by surgeon-related
factors. With the help of an internet-based randomiza-
tion programme (https://www.graphpad.com/quickcalcs),
patients were randomized into four groups (representing
the four surgeons) between ERAS and conventional care.
Randomization was 1 : 1. The allocation sequence was gen-
erated as a whole. Surgeons received their own basket with
60 concealed opaque envelopes and randomly picked an
envelope from the basket at the outpatient clinic before the
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operation, after they had finished screening the bariatric
surgery candidates. To avoid contamination, patients ran-
domized to the ERAS group were scheduled on uneven
week numbers and those in the conventional group on even
week numbers.

All data were analysed on an intention-to-treat principle.
This was an open-label study; caregivers, patients, data
collectors and analysts were not blinded.

Study procedures

Padents in the intervention group received perioperative
care according to an ERAS protocol, subdivided into
preoperative, perioperative and postoperative sections
(Table 1), following most of the 2016 recommendations
regarding ERAS in bariatric surgery as suggested by
Thorell and colleagues®®. Patients in the conventional care
group received care as dictated by the treating physician
(surgeon or anaesthetist). No medication was given to
patients without the approval and consent of either the
study coordinator (ERAS group) or the treating physi-
cian (conventional care group). All patients were advised
to lose 5-10 per cent of their preoperative bodyweight
before surgery, as well as to cease smoking, alcohol and
recreational drug use. If patients were on antidiabetic, pul-
monary or cardiac medication, they underwent evaluation
of their medication before surgery.

All LRYGB procedures were performed in a standard way
with a 30-50-ml gastric pouch, an antecolic/antegastric
alimentary limb of 150cm, a side-to-side 30-mm linear
stapled gastrojejunostomy, closed with an absorbable
unidirectional barbed 3/0V-Loc™ suture (Covidien,
Dublin, Ireland), and a side-to-side double-stapled jejuno-
jejunostomy with a 50-cm biliary limb. The gastrojejunal
anastomosis was tested for leakage with methylene blue
dye through an orogastric tube, which was removed
after the test. All surgeons used the same technique.
No postoperative swallowing studies were done. A
member of the study group was present during all
operations, and assessed patients in recovery and on
the surgical ward to ensure adherence to the protocol.
A detailed overview of the study procedures, including
medication dosages, is given in Appendix SI1 (supporting
information).

Patients were discharged when all discharge criteria
were met: pain adequately controlled (visual analogue
scale score 4 or less) with paracetamol and non-steroidal
anti-inflammatory drugs, fever and postoperative nausea
and vomiting (PONV) absent, patient tolerating full liquid
diet (sugar-free custard pudding), able to mobilize inde-
pendently, and feeling fit for discharge.
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Table 1 Summary overview of protocols between study arms

Conventional care

Before surgery No counselling
Premedication before surgery
No urinary catheter

No infiltration of port sites

‘High propofol, low remifentanil’

Surgery
Anaesthesia

Invasive lines (such as blood pressure monitoring) on indication

After surgery Nasogastric tubing on indication
No early oral feeding
No early ambulation

Conventional administration of fluids

No clear antiemetic protocol, at discretion of caring staff
No clear analgesic protocol, at discretion of caring staff

Opioids may be used routinely

Discharge No predefined discharge date

Outcome measures

The primary endpoint was the functional hospital stay
(FHS) in hours. This was the time from the end of the
surgery until all discharge criteria had been met. Dis-
charge criteria were assessed every hour, by either the study
coordinators or ward nurses. Secondary endpoints were
total hospital stay (THS) (time from surgery to discharge),
30-day complication rate, death within 30 days, readmis-
sion within 30 days, duration of surgery and time spent
on the recovery ward.

Thirty-day complication rates were defined with the
Clavien—Dindo classification for surgical complications®!.
Only complications of grade II or above (complications
requiring pharmacological treatment with drugs other than
antiemetics, antipyretics, analgesics, diuretics, electrolytes
and physiotherapy) have been presented, as the inclusion of
grade I complications (any deviation from the normal post-
operative course) is of limited clinical value. Health-related
quality of life (HRQoL) was assessed with the Impact
of Weight on Quality Of Life — Lite IWQOL-Lite©;
Quality of Life Consulting, Durham, North Carolina,
USA) and the Short Form 36 (SF-36®; QualityMet-
ric, Lincoln, Rhode Island, USA) questionnaires before
and 30days after bariatric surgery. Both questionnaires
have been validated to measure HRQoL in a bariatric
population??.

Patients were examined at the outpatient clinic 14 days
after surgery and interviewed by telephone 30 days after
surgery. During these contact moments, patients were
asked about any complications. An electronic tag was added
to each patient’s chart, with a request to contact the study
coordinator in case of an unscheduled visit to the emer-
gency department or admission.

© 2019 The Authors.
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ERAS care

Counselling about the contents and aims of the ERAS programme
No premedication before surgery

No urinary catheter

Infiltration of port sites with local anaesthetic
‘Low propofol, high remifentanil’

No invasive lines

No nasogastric tubing

Early oral feeding

Early ambulation

Restricted administration of fluids

Clear antiemetic protocol

Clear analgesic protocol

Opioids may be used only as escape medication
Predefined discharge date

Statistical analysis

Inasample of 203 patients who underwent LRYGB surgery
in2011, mean THS was 1-9 days (45-6 h). A decrease of 18 h
was considered to be of clinical significance. Using a power
calculator (nQuery Advisor for Windows® version 7.0;
nQuery Advisor Software, Los Angeles, California, USA)
with an o of 0-05 and a p of 0-80, the study was powered
to detect this difference by recruiting 220 participants.
This power calculation was performed on the secondary
outcome (THS) instead of the primary outcome (FHS),
because no data regarding FHS were available at the time.

Statistical analyses were performed using SPSS® for
Windows® version 21 (IBM, Armonk, New York, USA).
Continuous data are expressed as mean(s.d.) (parametric)
or median (range) (non-parametric). The Kolmogorov—
Smirnov test was used to test for normality. Differences
in continuous data between the two groups were ana-
lysed with either the independent 7 test (normally dis-
tributed data) or the Mann—Whitney U test (not normally
distributed data). The y? test with Bonferroni correction
was performed for categorical data. Two-sided P <0-050
was considered statistically significant. HRQoL analyses
of within-group differences (for example, before and after)
were made with the paired-samples # test or the Wilcoxon
signed rank test, depending on the normality of the distri-
bution. Between-group differences at the endpoint (30 days
after surgery) were calculated with the Mann—Whitney
U test.

Results

Adherence to protocol

Of 821 patients assessed for eligibility, 568 were excluded
(Fig. I). A total of 253 patients scheduled for LRYGB were

www.bjsopen.com B7S Open 2019; 3: 274-281



Enhanced recovery after surgery versus conventional care in laparoscopic gastric bypass surgery 277

Assessed for eligibility

n==821
< Excluded n=568
8 N Did not meet inclusion criteria n =350
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i Other reason n=32
v
Randomized
n=253
Allocated to conventional care n=129 Allocated to ERAS care n=124
_5 Received intervention n=110 Received intervention n=110
§ Did not receive intervention n=19 Did not receive intervention n=14
o Withdrew from study n=1 Withdrew from study n=2
< Surgery planned for wrong week n=18 Surgery planned for wrong week n=12
2 v v
= Lost to follow-up n=0 Lost to follow-up n=0
o Discontinued intervention n=0 Discontinued intervention n=0
&
@
[
%‘ Analysed n=110 | Analysed n=110
C
<

Fig. 1 CONSORT diagram for the trial. ERAS, enhanced recovery after surgery

randomized between January 2013 and July 2014. Of these,
19 in the conventional care group and 14 in the ERAS
group were excluded from analysis, either because they
withdrew from participation before receiving the allocated
treatment or because their surgery was planned for the
wrong week. The baseline characteristics of these patients
did not differ from those of patients who were included in
the study. There were no other protocol violations.

Patient characteristics

There were no baseline differences between the two
study arms (Zable 2). Mean age of the study participants
was 42 years. Participants were predominantly women.
Median preoperative BMI of the participants was 41-4 and
42-0kg/m’ in conventional and ERAS arms respectively.
Hypertension, dyslipidaemia and osteoarticular disease
were the most common co-morbidities in both groups.

Primary outcome

FHS differed significantly between the study arms (median
20-5h for conventional wversus 17-4h for ERAS care;
P <0-001) (Table 3).

© 2019 The Authors.
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Table 2 Baseline characteristics of included patients

Conventional care ERAS care
(h=110) (n=110)
Age (years)* 42-6(10-8) 42-7(10-5)
Sex ratio (M: F) 16:94 12:98
Preoperative bodyweight (kg)t 118 (76-4-181-2) 121 (97-4-176)
Intraoperative BMI (kg/m?) 41.4 (35-56) 42.0 (35-2-56-8)

Waist circumference (cm)f 121 (99-167) 123 (100-160)

OSMRS class
A 79 (71-8) 76 (69-1)
B 30 (27-3) 34 (30-9)
C 1(0:9) 0(0)
Co-morbidity
T2DM 16 (14-5) 18 (16-4)
Hypertension 35 (31-8) 39 (35-5)
Dyslipidaemia 23 (20:9) 25 (22.7)
OSA 9(8-2) 6 (5-5)
Osteoarticular 20 (18-2) 14 (12-7)
Cardiac 4 (3-6) 6 (5-5)
Pulmonary 19 (17-3) 14 (12.7)

Values in parentheses are percentages unless indicated otherwise; values
are *mean(s.d.) and tmedian (range). ERAS, enhanced recovery after
surgery; OSMRS, Obesity Surgery Mortality Risk Score; T2DM, type 2
diabetes mellitus; OSA, obstructive sleep apnoea.
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Table 3 Hospital discharge times and time until individual
discharge criteria were met

FHS (h)

THS (h)

Discharge criteria (h)
VAS pain score <4
Fever
Full liquid diet

tolerated
Nausea/vomiting
Mobilization
Tachycardia
Patient consent for

discharge

Surgical time (min)

Time on recovery

Conventional
care (n=110)

20-5 (12-5-95.3)
21.2 (15.0-95.3)

2.0 (0-52:5)
0-42 (0-21-1)
19-4 (0-45.7)

2.0 (0-44-6)
5.8 (0-27-2)
0-5 (0-21-1)

20.0 (12-5-95.3)

48.5 (30-165)
1.8 (1.0-4-5)

ERAS care
(n=110)

17.4 (2-8-137.3)
21.3 (6-2-143-3)

1.2 (0-25.0)
0-3 (0-18-0)
5.4 (0-9-66-3)

1.2 (0-2-22.9)
3.2 (0-32-3)
0-3 (0-18.0)

17.2 (2.5-137.3)

49 (20-120)
1.8 (0-8-3-6)

pr

<0-001
0-343

0-009
0-451
<0-001

0-042
<0-001
0-814
<0-001

0-574
0-402

ward (h)

Values are median (range). ERAS, enhanced recovery after surgery; FHS,
functional hospital stay; THS, total hospital stay; VAS, visual analogue
scale. *Mann—Whitney U test.

Secondary outcomes

THS did not differ significantly between the study arms
(21-5h for conventional wersus 21-3h for ERAS care;
P =0-343). Pain control was achieved sooner in the ERAS
group (by 1-2h versus 2-0h in the conventional group;

Table 5 Health-related quality of life results

Table 4 Thirty-day complications and readmissions

ERAS care
(n=110) [P

Conventional
care (n=110)

Clavien—-Dindo complication grade

| 16 (14-5) 16 (14-5)  1-000
I 6 (5-5) 3(27) 0-622
lla 1(0-9) 2(1-8) 1-000
llb 0 (0) 3(27) 0-498
Any grade (> II) 7 (6-4) 8 (7-3) 1-000
Mortality 0 (0) 0 (0) -
Readmission 3(27) 7 (6-4) 0-333

Values in parentheses are percentages. ERAS, enhanced recovery after
surgery. *x* test.

P=0-009). A full liquid diet was tolerated earlier in the
ERAS group (after 5-4h versus 19-4h in the conventional
group; P <0-001). The time it took to control PONV was
significantly lower in the ERAS group (1-2 wversus 2-0h
respectively; P =0-042). Patients in the ERAS group mobi-
lized sooner than those who received conventional care (3-2
versus 5-8 hours after surgery; P <0-001), and were com-
fortable with discharge about 3 h earlier (P <0-001). No
differences were found between the groups with respect
to fever or tachycardia. Duration of surgery and time on
recovery ward were not significantly different between the
two groups (1uble 3).

Conventional
Conventional care ERAS care versus ERAS care
Before After Before After
(t=0) (t=30) (t=0) (t=30)
(n=103) (n=83) P (n=100) (n=85) P A AP
SF-36®

Total score 68-8(15-7) 79-7(15-8) <0-001 -10-8(14-0) 71.2(14.9) 80-8(14-0) <0-001 -9-9(16-8) 0-267
Role limitations due to 66-8(20-3) 84-1(20-2) <0-001 -17-1(20-2) 64-3(18-4) 83-8(18:0) <0-001 —-19-6(20-6) 0-767

physical functioning
Role limitations due to 70-4(37-4) 77-7(34-9) 0153 -6-7(41-2) 78-3(36-5) 81.9(32-7) 0580 —3-3(51-9) 0-250

physical health
Role limitations due to 80-2(35-6) 88-8(30-5) 0-022 -9-5(35-8) 85-4(33-1) 89:6(28-0) 0291  —5.0(40-3) 0-316

emotional problems
Energy/fatigue 57-0(18-9) 65-8(18:9) <0-001 -8:5(19-8) 62.7(16-3) 65-7(18-4) 0-099 —4.0(21-0) 0-058
Emotional well-being 72.7(16:4) 80-7(16:4) <0.001 -8.0(12-8) 75.7(15-0) 82.7(14-1) <0.001 -7-5(16:4) 0-354
Social functioning 79-3(21-5) 83-3(23:-0) 0278 -2.9(23-4) 83-4(17-0) 83-8(20-3) 0-907 -0-3(24-4) 0-117
Pain 74.1(17-0) 80-7(23.0) 0-046 -5.0(21-5) 81-3(17-7) 86:0(18:8) 0-093 —4.5(23-5) 0-775
General health 66-0(17-3) 76-2(16-3) <0-001 -10-0(19-0) 65-8(16-8) 76-5(15-4) <0-001 —11-4(18-0) 0-710

IWQOL-Lite©

Total score 53.5(19-3) 82-8(19-7) <0-001 -30-1(21-8) 51.6(19-6) 81-3(21-5) <0-001 —30-3(30-0) 0-886
Physical function 46-1(23-6) 79-3(16-9) <0-001 -34.0(25-0) 43-1(22-5) 76-3(19-2) <0-001 -34-1(24-3) 0-863
Self-esteem 46-6(26-9) 75-9(29-5) <0-001 -31-0(27-9) 45.7(26-9) 75-7(28-7) <0-001 -30-2(27-2) 0-244
Sex life 61.9(29-4) 75-4(30-5) <0.001 -14.6(32-3) 61-6(32:9) 781(28:2) <0-001 —17.7(27-5) 0-589
Public distress 60-5(27-0) 85-9(21-7) <0-001 -23-8(29-9) 56-0(28-7) 81.7(27-8) <0-001 -26-1(27-5) 0-628
Work 71-1(27-1) 88-8(21-4) <0-001 -16-8(27-4) 73-2(24-4) 90-020-4) <0-001 —-17-4(19-7) 0-884

Values are mean(s.d.). ERAS, enhanced recovery after surgery; SF-36®, Short Form 36 questionnaire; IWQOL, Impact of Weight on Quality Of Life

questionnaire.

© 2019 The Authors.
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Mortality, complications and readmission

No patient died. There were no differences in num-
ber of complications (Clavien—Dindo grade II or above),
grade of complications or readmissions (7able 4). The most
frequent complications were staple line bleeding, leakage,
pneumonia, dehydration and trocar site infection.

Health-related quality of life

HRQoL data were not available for seven and ten patients
before surgery, and for 27 and 25 patients at 30 days after
surgery for conventional and ERAS groups respectively.
SF-36 ® and IWQOL-Lite© general scores showed signif-
icant improvements after LRYGB surgery in both groups.
There were no differences in HRQoL between the two
groups (Table 5).

Discussion

This study has shown that patients receiving ERAS care
were ready for discharge 17-4h after admission, and met
discharge criteria with control of pain, no PONYV, tolera-
tion of a full liquid meal and mobilization earlier. These
outcomes were accomplished with no increase in postop-
erative morbidity or readmission rates.

These findings are in accordance with those of other
studies. The only other RCT! in bariatric surgery com-
pared patients undergoing laparoscopic sleeve gastrectomy
who received either ERAS or conventional care, and found
that those in the ERAS group had a LOS of only 1 day,
compared with 2 days for patients in the conventional care
group. This decrease in LOS was not followed by an
increase in readmission or perioperative morbidity rates!’.
Two meta-analyses®*?* have shown decreased LOS of
1-5 days with ERAS versus conventional care. None of these
studies has, however, reported in detail how much each
component of the ERAS programme could be attributed
to the decrease in LOS. This makes it difficult to assess
the added value of the decrease in time attributable to pain
control, liquid diet tolerance, PONV or mobilization.

In the present study, the decrease in FHS in the ERAS
group was 3 h, which was less than expected and less than
that found in other studies’>?. This outcome could be
explained by the finding that patients in the conventional
care group had an unexpectedly short FHS of 20-5h. A
possible explanation for this might be that a fast-track
programme was already in place at this centre from 201118,
Although the content of the present ERAS programme
exceeded what was done in the fast-track programme, it
seems likely that the short FHS was influenced by the
previously implemented fast-track programme.

© 2019 The Authors.
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This study has several limitations. Thirty-three random-
ized patients (19 in the conventional and 14 in the ERAS
care group) were excluded from the analysis, mainly due
to an error in the planning of operations (planned in
the wrong week number). Their characteristics did not,
however, differ from those of analysed patients. Like all
other randomized trials investigating ERAS, this study was
unblinded. The study coordinator and the caregivers all
had to know the treatment arm in order to ensure adher-
ence to the protocol. This might have resulted in some
level of performance and detection bias. Although treat-
ment arms were divided carefully, contamination of care
cannot be excluded fully as the same ward staff tended
to all patients. ERAS care contamination of the conven-
tional care group might have contributed to the unex-
pectedly short FHS of this group. There were also few
superobese patients in the sample, and revisional surgeries
were excluded.

The FHS or LOS is the primary outcome in most stud-
ies investigating ERAS programmes because it is a sensitive
marker for evaluation of their effectiveness. The disad-
vantage of using LOS as primary outcome measure is
that it is often seen as a goal in itself. In the wake of an
ever-shortening LOS, there has been much debate about
the safety of early discharge. Early discharge might lead
to an increase in readmissions. The number of readmis-
sions in the ERAS group in the present study was more
than double that in the conventional care group, although
this difference was not statistically significant. Morton and
co-workers®’” used the Bariatric Outcomes Longitudinal
Database (BOLD) to compare perioperative morbidity and
mortality in patients with a 1-day LOS with a reference
standard of 2 days in patients undergoing LRYGB. They
found a nearly significant value for an increase in 30-day
mortality, but no difference for 30-day serious complica-
tions. Another large database’® found higher unadjusted
mortality rates and higher overall morbidity for same-day
discharge compared with 1-day discharge in patients hav-
ing LRYGB. The results of these studies, however, have
not been reproduced by large prospective series of LRYGB,
nor are they confirmed by the present RCT. In the present
study, the implementation of ERAS led to earlier recovery
in comparison with conventional care, with no increase in
30-day morbidity, and can therefore be recommended for
patients undergoing LRYGB.
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