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Background

The prevalence of morbid obesity in the United States is steadily
increasing, and the number of annual bariatric procedures per-
formed in the United States has increased accordingly.1 As the
frequency with which bariatric surgery is performed increases,
the need for more streamlined and effective care protocols has
also increased. One such trend is toward Enhanced Recovery
After Surgery (ERAS).2 The principles of ERAS have been widely
adapted to multiple disciplines of surgery. In 2016, Thorell and
colleagues published guidelines and recommendations for the use
of ERAS in the field of bariatric surgery. This evidence-based
consensus includes preoperative, intraoperative, and post-
operative recommendations.2 Since this publication, data from
centers using the ERAS protocol in bariatric surgery have been
collected and reported. The aim of this review is to consider how
ERAS protocol implementation has affected outcomes in bar-
iatric surgery.

Methods

A comprehensive search of literature since January 2015 pertain-
ing to ERAS and bariatric surgery was performed using PubMed.
Search criteria included “bariatric surgery,” “sleeve gastrectomy,”
and “gastric bypass” in combination with “ERAS,” “ERABS,”
“fast track,” and “multimodal.” Bibliographies of the obtained
articles were also searched for relevant literature.One hundred and
fifty papers were initially identified. Inclusion criteria included a
focus onbariatric procedures and adherence to several of the ERAS
guidelines as outlined by Thorell and colleagues. Exclusion criteria
included duplicate results, no primary focus on bariatric surgery,
deviation from ERAS guidelines, and non-English language.

Our search resulted in 22 papers for review. Of these, there
were 3 meta-analyses, 1 pilot randomized controlled trial, 2 ret-
rospective reviews, 3 prospective comparisons, 2 retrospective
comparisons, and 11 prospective analyses of data. Seven out-
comes were identified for review, including length of stay (LOS),
complications, readmissions, operating room time, cost, post-
operative nausea/vomiting (PONV), and postoperative pain.

Results

Length of Stay

Twenty-one of the 22 (95%) articles addressed LOS as a primary
or secondary endpoint. All meta-analyses showed decreased LOS
in ERAS versus non-ERAS groups. Malczak et al3 found a sta-
tistically significant reduction in LOS from 4.6 days to 2.8 days
(P= 0.002), equating to a difference of 1.8 days. Singh et al,4 who
reviewed 5 studies, identified a reduction in LOS in ERAS patients
by 1.56 days (P< 0.001). Ahmed et al5 found that LOS was
shortened by 1.5 days (P<0.01).5 The pilot randomized control
trial by Pimenta et al6 demonstrated a 1-day reduction in LOS in
their study group relative to the control group.

Retrospective and prospective comparisons of ERAS versus
non-ERAS patients all demonstrated a reduction in LOS
(Table 1). A retrospective comparison between pre-ERAS
patients (n= 228) and post-ERAS patients (n= 146) performed
by Proczko et al7 showed a decrease from 3.7 days to 2.1 days
(P< 0.001). Post-ERAS patients in Mannaerts et al’s8 pro-
spective comparison had reduced time in the hospital from 3 to
2.1 nights (P< 0.001). An even greater reduction in LOS was
seen by Simonelli et al9 from 4.18 days to 1.79 days
(P< 0.0001). Dogan et al10 measured LOS in hours and found a
reduction from 65 hours on average to 43 hours of admission in
their fast-track patients (P< 0.001).

Barreca and colleagues compared ERAS versus non-ERAS
patients in terms of the percentage able to be discharged on the
first postoperative day. Their results indicated that 67.5% of
patients who underwent sleeve gastrectomy with ERAS could be
discharged on postoperative day 1, compared with 50% of
patients who underwent sleeve gastrectomy with standard pro-
tocols, although this difference was not statistically significant.
In contrast, 39.7% of patients who underwent gastric bypass
with ERAS could be discharged on postoperative day 1, com-
pared with 1.6% of patients who underwent gastric bypass with
standard protocols (P<0.001).11

Previously reported averages for LOS after bariatric surgery
are as high as 4.7 days.22 In contrast, the average LOS after
bariatric surgery and ERAS reported in the reviewed articles was
between 1.08 and 3.64 days (Table 1).12–20,23 Many prospective
studies also considered what percentage of ERAS patients could
be discharged on postoperative day 1 and these ranged from
38.2% to 96%.16,17,23,24 Factors associated with increased LOS
included longer operative time, chronic kidney disease, pre-
operative opiate use, 2 or more psychiatric medications pre-
scribed, comorbidities of major depressive disorder or anxiety,
revision surgery, decreased oral intake postoperatively, increased
intravenous fluid administered on postoperative day 1, and
increased distance to home.16,20,21
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Complications

Seventeen of the 22 (77%) articles addressed complications after
bariatric surgery (Table 2). In a meta-analysis by Singh and col-
leagues, a significantly greater proportion of ERAS patients
experienced minor complications (21%) compared with non-
ERAS patients (17%); (P<0.05). In the meta-analysis by Ahmed
and colleagues, pooled postoperative morbidity rates among
patients treated with ERAS protocols and conventionally treated
patients demonstrated statistically significant findings favoring
ERAS (OR 0.7, 95% confidence interval: 0.6-0.9, P< 0.01). No
differences in the proportion of patients who experienced major
complications were observed in the meta-analyses reviewed.3–5

In comparative studies, no significant differences in major or
minor complications between ERAS and non-ERAS patients were

observed, with the exception of one study (Table 2).7–10

Mannaerts and colleagues found that the within-30-day com-
plication rate was higher in the ERAS group (21%) compared
with non-ERAS patients (16%) (P=0.013). This did not translate
into a higher rate of major complications or a higher rate when
looking at specific complications. Mannaerts et al8 suggested that
the observed difference could be partially explained by an
increase in the frequency with which providers reported compli-
cations in more recent years; the increase in the frequency of
provider reports coincided with the time period during which
ERAS protocols were first implemented.

Overall complication rates among ERAS patients ranged from
0.34% to 10.5%, which is consistent with rates observed among
non-ERAS patients (Table 2).12–21

Table 1
Length of stay

Reported outcome SD or 95% CI P

Malczak et al3

Standard mean difference
(ERAS vs. non-ERAS)

− 2.4 d − 3.9 to − 0.9 0.002

Singh et al4

Mean difference
(non-ERAS vs. ERAS)

1.56 d 1.21-1.92 < 0.001

Ahmed et al5

Mean difference
(ERAS vs. non-ERAS)

− 1.5 d − 1.8 to − 1.2 < 0.01

Pimenta et al6

Mean difference
(non-ERAS vs. ERAS)

1 d NR 0.02

Proczko et al7

Reduction in LOS
(non-ERAS vs. ERAS)

3.7 d to 2.1 d 3.1-4.7 to 1.6-2.6 < 0.001

Mannaerts et al8

Reduction in LOS
(non-ERAS vs. ERAS)

3 d to 2.1 d NR < 0.001

Simonelli et al9

Reduction in LOS
(non-ERAS vs. ERAS)

4.18 d to 1.79 d SD 0.707 and 0.978 < 0.0001

Dogan et al10

Reduction in LOS
(non-ERAS vs. ERAS)

65 h to 43 h NR < 0.001

Barreca et al11

POD 1 discharge-sleeve
(ERAS vs. non-ERAS)

67.5% vs. 50% NR 0.294

POD 1 discharge-bypass
(ERAS vs. non-ERAS)

39.7% vs. 1.6% NR < 0.001

Mean (d) SD

Ruiz-Tovar et al12 2 NR
Blanchet et al13 1.24 NR
Loots et al14 3 0.8
Major et al15 3.57 3.6
Jonsson et al16 1.7 1.0
Hahl et al17 1.3 1.1
Matlok et al18 2.9 NR
Deneuvy et al19 2.4 3.6
Major et al20 3 NR
Raftopoulos et al21 1.34 0.66

CI indicates confidence interval; ERAS, Enhanced Recovery After Surgery; LOS, length of stay; NR, not
reported; POD, postoperative day.

Table 2
Complications

ERAS vs. non-ERAS RR or OR P or 95% CI

Malczak et al3

Major complications 5% vs. 4.9% 0.9 0.8
Minor complications 11.3% vs. 11.5% 0.9 0.6

Singh et al4

Major complications 5.43% vs. 4.20% 1.32 0.162
Minor complications 21.17% vs. 17.08% 1.41 1.13-1.76

Ahmed et al5

Overall morbidity-mean difference NR 0.7 0.6-0.9
Proczko et al7

Major complications 2.74% vs. 2.63% NR 0.958
Minor complications 10.27% vs. 8.77% NR 0.626

Mannaerts et al8

Major complications 5.6% vs. 4.0% NR 0.596
Minor complications 15.1% vs. 12.1% NR 0.071

Simonelli et al9

Major complications 13.5% vs. 8.7% NR 0.268
Minor complications 1.9% vs. 5.8% NR 0.149

Dogan et al10

Major complications 0.04% vs. 0.053% NR NR
Minor complications 0.04% vs. 0.053% NR NR

Rate (%)

Barreca et al11

Major complications 4.1
Minor complications 3.5

Ruiz-Tovar et al12

Total complications 4.8
Blanchet et al13

Significant complications 2.9
Loots et al14

Total complications 3.2
Major et al15

Major complications 2.96
Minor complications 4.7

Hahl et al15

Major complications 4.9
Minor complications 4.9

Matlok et al18

Total complications 10.5
Deneuvy et al19

Total complications 2.57
Raftopoulus et al21

30 d major complications 2.29

CI indicates confidence interval; ERAS, Enhanced Recovery After Surgery; NR, not reported; OR, odds
ratio; RR, relative risk.
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Readmission

Readmission rates were reported in 13 of 22 (59%) articles. There
were no statistically significant differences in rates of readmission
noted between ERAS and non-ERAS patients.3–8 In the Ahmed
publication, readmission rates were similar in enhanced and
nonenhanced patient cohorts (6.8%vs. 7.8%,P =0.06); however,
considerable variations in the definition of readmission rates were
noted. Among ERAS patients, readmission rates ranged from
1.7% to 6.45%.12–21 These rates are consistent with previously
published data.17

Operating room time

Eight (38%) articles considered operative time. Ahmed et al5

reported that 7 of their reviewed studies found a reduction in
operative time in ERAS patients, with a mean reduction in
operative time of 19.5 minutes (P< 0.01). Proczko et al7 reported
a reduction in surgical time [15-min and 12-min reductions for
bypass and sleeve, respectively (P< 0.001)], induction time [15.2
to 12.5 min (P<0.001)], and turnover time (38 to 11min) among
ERAS patients relative to non-ERAS patients. Mannaerts et al8

also found statistically significant reductions in induction time,
surgical time, emergence, recovery, and total time in their ERAS
group. Operative time was reduced from 190.2 minutes to
133.54 minutes on average in bariatric patients in the ERAS arm
of Simonelli et al’s9 study. Dogan et al10 also showed a reduction
in operating room time from 119 minutes to 82 minutes and
surgical time from 80 to 56 minutes (P<0.001) (Table 3).
Additional papers reported on operative time and compared
sleeve to bypass times, however, these numbers were not com-
pared to non-ERAS patients.

Cost

Three (14%) articles addressed cost in their reporting (Table 4).
Themeta-analysis byMalczak and colleagues detailed that only 2
of their 11 reviewed articles mentioned cost. They did not find
any cost difference. Simonelli and colleagues found that the
overall cost decreased from 7272.57 euro in patients who
underwent standard protocols to 5424.09 euro per patient in the
ERAS pathway. The authors attributed this difference to the
reductions in ERAS patients’ LOS. In Ahmed and colleagues’
meta-analysis, 4 papers were examined for cost and enhanced
protocols resulted in an overall reduction in costs due to the
implementation of standardized perioperative practices (US
$7891.23 vs. US$8762.79); however, this difference was not
statistically significant.

PONV

PONV were not compared between ERAS and non-ERAS
patients in any of the reviewed studies. Rates were reported in
ERAS patients alone in 5 of the papers reviewed (Table 5). The
rates of PONV ranged between 1.43% and 82%.12,15,18,24

Karlsson and colleagues assessed whether the type of pre-
operative drink given to bypass patients affected the amount of
antiemetic medication needed postoperatively. All were ERAS
patients; one-third were given a high-carbohydrate drink,
another third received a high-protein drink, and the final third

Table 3
OR time

Reported
outcome SD or range P

Ahmed et al5

Mean difference OR time
(non-ERAS vs. ERAS)

19.5 min NR < 0.01

Proczko et al7

Surgery time reduction-sleeve
(non-ERAS vs. ERAS)

15 min 7 min < 0.001

Surgery time reduction-bypass
(non-ERAS vs. ERAS)

12 min 5 min < 0.001

Mannaerts et al8

Mean OR time
(non-ERAS vs. ERAS)

84.6 min vs.
72.8 min

82.1-87 min vs.
71.7-73.8 min

< 0.05

Simonelli et al9

Mean OR time
(non-ERAS vs. ERAS)

190.2 min vs.
133.54 min

NR NR

Dogan et al10

Mean OR time
(non-ERAS vs. ERAS)

119 min vs.
82 min

NR NR

Hahl et al17

Mean OR time 73.8 min 16.9 min NA
Matlok et al18

Mean OR time-sleeve 97 min 63-187 min NA
Mean OR time-bypass 128 min 90-364 min NA

ERAS indicates Enhanced Recovery After Surgery; NA, not applicable; NR, not reported; OR,
operating room.

Table 4
Cost

Reported
outcome MD 95% CI

Malczak et al3

Study 1—Difference in treatment
cost (ERAS vs. non-ERAS)

− $747.29 − 0.38 − 0.74 to − 0.01

Study 2—Difference in treatment
cost (ERAS vs. non-ERAS)

− $1460.53 − 2.08 − 3.03 to − 1.13

Ahmed et al5

Mean difference overall cost
(ERAS vs. non-ERAS)

− $435.56 NR − $2614.61 to
$1743.49

Simonelli et al9

Mean overall cost
(ERAS vs. non-ERAS)

€5424.09 vs.
€7272.57

NR NR

CI indicates confidence interval; ERAS, Enhanced Recovery After Surgery; MD, mean deviation; NR, not
reported.

Table 5
PONV

Reported outcome

Ruiz-Tovar et al12

Rates of PONV 5.6%
Major et al15

Rates of PONV 5.75%
Karlsson et al23

Average injections needed for PONV 1.7
Matlok et al18

Rates of PONV 5.9%
Bamgbade et al25

Rates of PONV in PACU 19.5%

PACU indicates postanesthesia care unit; PONV, postoperative nausea/vomiting.
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received tap water. No statistically significant differences in the
amount of antiemetic given postoperatively were observed.23

Bamgbade and colleagues studied various intraoperative antie-
metic regimens and their effect on postoperative nausea scores.
Multimodal antiemetic therapy was superior to single-agent ther-
apy in controlling nausea and vomiting. Specifically, zero patients
who received a prophylactic combination of dexamethasone,
cyclizine, and prochloperazine reported PONV. This is the only
study that shows such an effect of antihistamines on PONV in
patients undergoing bariatric surgery. Most other antiemetic stu-
dies show at least a 30% rate of nausea and vomiting despite triple
prophylaxis and multimodal analgesia. Thus, the nontraditional
antiemetics like cyclizine and perchlorperazine may need to be
studied further in this patient population.

Pain control

Postoperative pain control was not compared between ERAS and
non-ERAS patients. Karlsson and colleagues measured the
amount of pain medication administered to 3 groups of gastric
bypass patients who received different preoperative drinks. There
was no statistically significant change in the amount of pain
medication administered.23 Bamgbade and colleagues also pub-
lished on postoperative pain after administering fast-track bar-
iatric patients different combinations of analgesia in the
operating room. Once again, multimodal therapy was found to
be superior. Patients who received tramadol, acetaminophen, and
diclofenac reported no pain (87%) or mild pain (13%) in the
postanesthesia care unit compared with patients who only
received morphine. The morphine-only patients reported no pain
(9%), mild pain (56%), moderate pain (21%), and severe pain
(14%).25 Ziemann-Gimmel et al26 showed a marked reduction in
postoperative morphine requirements by 75% after a multimodal
pain regimen with intravenous acetaminophen and ketorolac.

Conclusions

The effects of ERAS pathways on bariatric surgery outcomes
have been studied since the implementation of guidelines by
Thorell and colleagues. A substantial body of literature indicates
that ERAS patients typically experience a shorter LOS. Evidence
suggesting an increase in rates of complications or readmissions
in ERAS patients remains sparse. In addition, many of the pub-
lications are international, making comparisons difficult, given
differences in health care delivery. There remains a substantial
need for randomized controlled trials to further support these
results. Since 2015, only one small pilot randomized controlled
trial by Pimenta and colleagues was found in our review of the
literature. Further research is also needed to investigate a more
comprehensive series of outcomes, including PONV, pain con-
trol, and cost. Such studies will help evaluate the clinical impact
and cost-effectiveness of ERAS and non-ERAS protocols after
bariatric surgery. In addition, the impact of ERAS protocols may
be highly dependent on the type of procedure. Under circum-
stances where LOS or complications may already be low such as
the laparoscopic sleeve gastrectomy, focus on other metrics such
as opiate avoidance or PONV may become more important.
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