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1  | INTRODUC TION

Enhanced recovery after surgery (ERAS), also known as “fast track,” 
“critical pathways” or “clinical pathways” (Coolsen et al., 2013), is a 
multimodal, multidisciplinary approach to perioperative care which 
was introduced to improve patient outcomes and reduce health-
care costs (Ljungqvist et al., 2017). ERAS protocols have developed 
rapidly in the last decade and focussed on bundle elements includ-
ing, but not limited to, preoperative information and teaching, de-
creased of stress, pain relief, early mobilization and early oral diet 
(Bond-Smith et al., 2016; Ljungqvist et al., 2017). ERAS guidelines 
have been developed for elective rectal/pelvic surgery (Nygren 
et  al.,  2012), radical cystectomy for bladder cancer (Cerantola 
et al., 2013), oesophagectomy (Findlay et al., 2014) and gastrectomy 

(Mortensen et al., 2014), and all suggest that ERAS protocols can de-
crease the length of hospital stay and reduce costs in these surgery 
procedures (Cerantola et al., 2013; Findlay et al., 2014; Mortensen 
et al., 2014; Nygren et al., 2012). Enhanced recovery after pancre-
atic surgery was developed cautiously because of the complexity 
of pancreatic surgery. Kennedy et al.,  (2007) initially reported the 
enhanced recovery protocol after pancreatic surgery in 2007, which 
reported improved patient outcomes. Coolsen et al., (2015) also re-
ported that ERAS protocols were feasible and did not compromise 
patient outcomes in older adults. The first guideline for perioper-
ative care for pancreaticoduodenectomy published in 2012 con-
tained 27 recommendations (Lassen et  al.,  2012). Subsequently, 
further reviews on enhanced recovery after pancreatic surgery 
have shown that it is effective in decreasing hospital length of stay 
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(Pecorelli et al., 2016), was less expensive and although no differ-
ence in readmission and postoperative morbidity was observed 
(Barton, 2016; Elhassan et al., 2019; Feng et al., 2017; Kagedan et al., 
2015; Pecorelli et al., 2016; Perinel & Adham, 2016; Xie et al., 2016; 
Ypsilantis & Praseedom, 2009).

However, existing reviews (Coolsen et al., 2013; Kagedan et al., 
2015; Xie et al., 2016; Ypsilantis & Praseedom, 2009) demonstrated 
variability in the ERAS elements. Outcome indicators are incon-
sistently reported, which lead to uncertainty for clinical decision 
makers, and made clinical application challenging. The aim of this 
umbrella review was to identify, synthesize and appraise the system-
atic reviews on enhanced recovery after pancreatic surgery and pro-
vide critical analysis of ERAS interventions and outcome measures, 
and to facilitate ERAS implementation.

2  | RE VIE W METHODS

2.1 | Design

This is an umbrella review. The screening process followed the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline (Moher et  al.,  2009). The articles 
were identified from target databases according to the search 
strategy and were exported into Endnote X9 (Clarivate Analytics, 
Philadelphia PA). Duplicates were removed. The title and abstract of 
all articles were initially screened according to inclusion and exclu-
sion criteria; full text screening against the inclusion and exclusion 
criteria followed.

2.2 | Search methods

A search strategy (Table  1) was developed with the support of 
professors of surgery and research librarians. PubMed, Excerpta 
Medica Database (EMBASE), Cochrane Library, Cumulative Index 
of Nursing and Allied Health Literature (CINAHL), China National 

Knowledge Infrastructure (CNKI), Wan Fang and VIP Journal inte-
gration platform (VJIP) were searched from inception to 1 October 
2019. Reference lists of included reviews were searched to locate 
additional reviews. Websites of the International Association of 
Pancreatology.

(http://www.inter​natio​nalpa​ncrea​tology.org/), American Pancreatic 
Association (https://www.ameri​can-pancr​eatic​-assoc​iation.org/) and 
ERAS Society (http://erass​ociety.org/) were also searched to identify 
additional systematic reviews. Papers were included if they: (1) in-
cluded patients undergoing any elective pancreatic surgical procedure: 
pancreaticoduodenectomy (PD), distal pancreatectomy (DP), pylorus-
preserving pancreaticoduodenectomy (PPPD), segmental pancreatec-
tomy (SP), duodenum-preserving pancreatic head resection (DPPHR), 
total pancreatectomy (TP); (2) involved elements of ERAS; (3) included 
outcomes of ERAS; (4) used a systematic review methodology; and 
(5) were published in English or Chinese. Papers were excluded if they 
were (1) abstract of conference paper; (2) unavailable as full text; or 
(3) a duplicate publication.

2.3 | Quality appraisal

The AMSTAR 2 tool (Shea et al., 2017), which contains 16 discrete 
evaluation questions and was designed for critical appraisal of sys-
tematic reviews, was used to guide quality assessment. Seven of the 
AMSTAR 2 items are described as critical domains (Item 2, 4, 7, 9, 11, 
13, 15); the remaining nine items are considered non-critical. Quality 
assessment is described as “high” (one or fewer non-critical weak-
ness), “moderate” (more than one non-critical weakness), “low” (one 
critical flaw with or without non-critical weaknesses) and “critically 
low” (more than one critical flaw with or without non-critical weak-
ness). Two authors independently undertook a quality assessment of 
included articles; a third author assisted with consensus moderation 
where required.

2.4 | Data abstraction and synthesis

Data extraction was independently conducted by two authors. An 
overview of study characteristics is provided in Table 2, ERAS ele-
ments of studies included in each review are summarized in Table 3, 
and patient outcomes are summarized Table 4.

3  | RESULTS

3.1 | The characteristics of included reviews

A total of 10 systematic reviews met the inclusion criteria (Figure 1). 
Of the 10 systematic reviews included, seven reviews were from 
China (three were published in Chinese, and four were published 
in English) (Cao et  al.,  2019; Chen et  al.,  2019; Ji et  al.,  2018; 
Lei et al., 2015; Xie et al., 2016; Xiong et al., 2016; Zhang et al., 2018); 

TA B L E  1   Search strategy (in Pubmed)

#1 pancreaticoduodenectomy[MeSH Terms]
#2 pancreatectomy[MeSH Terms]
#3 pancreatic*[Title/Abstract]
#4 #1 OR #2 OR #3
#5 “recovery of function”[MeSH Terms]
#6 “enhanced recovery after surgery”[Title/Abstract]
#7 ERAS[Title/Abstract]
#8 “enhanced recovery”[Title/Abstract]
#9 “fast track surgery”[Title/Abstract]
#10 fast-track[Title/Abstract]
#11 FT[Title/Abstract]
#12 #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11
#13 #4 AND #12
#14 Search (#4 AND #12) Filters: Review; Scientific Integrity 

Review; Systematic
Reviews; Publication date to 2019/10/01

http://www.internationalpancreatology.org/
https://www.american-pancreatic-association.org/
http://erassociety.org/
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there was one review each from UK, Netherlands and Canada, re-
spectively. Two systematic reviews did not include a meta-analysis 
(Kagedan et al., 2015 Ypsilantis & Praseedom,  2009). Only three 
reviews included randomized controlled trials (Chen et  al.,  2019; 
Lei et al., 2015; Zhang et al., 2018) (Table 2).

3.2 | The quality of included reviews

Quality appraisal using AMSTAR2 (Shea et al., 2017) identified that 
all included reviews had more than one item identified as a critical 
weakness; thus, the quality of all the reviews was deemed as “criti-
cally low” (Table S1). Critical domains of AMSTAR2 items 2 (Did the 
report of the review contain an explicit statement that the review 
methods were established prior to the conduct of the review and did 
the report justify any significant deviations from the protocol?) and 
item 13 (Did the review authors account for Risk of Bias in primary 
studies when interpreting/discussing the results of the review?) 
were not present for any included review.

3.3 | The ERAS elements and outcome 
indicators reported

The ERAS elements mentioned in the included reviews varied 
widely (Table  3). The most frequently reported ERAS elements 
were epidurals analgesia/ Patient Controlled Analgesia (PCA) 
(n = 9) (Cao et al., 2019; Chen et al., 2019; Coolsen et al., 2013; Ji 
et al., 2018; Kagedan et al., 2015; Lei et al., 2015; Xie et al., 2016; 
Xiong et al., 2016; Ypsilantis and Praseedom, 2009), goal-directed 
mobilization (n  =  9) (Cao et  al.,  2019; Chen et  al.,  2019; Coolsen 
et al., 2013; Ji et al., 2018; Lei et al., 2015; Xie et al., 2016; Xiong 
et al., 2016; Ypsilantis & Praseedom, 2009; Zhang et al., 2018) and 
early removal of drains (n  =  9) (Chen et  al.,  2019; Coolsen et al., 
2013; Ji et  al.,  2018; Kagedan et al., 2015; Lei et  al.,  2015; Xie 
et al., 2016; Xiong et al., 2016; Ypsilantis & Praseedom, 2009; Zhang 
et  al.,  2018). Only one review (Coolsen et al., 2013) mentioned 
audit protocol compliance. None of the included reviews reported 
discharge standards. The most commonly reported outcome was 
length of stay (n = 10) (Cao et al., 2019; Chen et al., 2019; Coolsen 
et al., 2013; Ji et al., 2018; Kagedan et al., 2015; Lei et al., 2015; 
Xie et al., 2016; Xiong et al., 2016; Ypsilantis & Praseedom, 2009; 
Zhang et  al.,  2018), mortality (n  =  9) (Cao et  al.,  2019; Coolsen 
et al., 2013; Ji et al., 2018; Kagedan et al., 2015; Lei et al., 2015; 
Xie et al., 2016; Xiong et al., 2016; Ypsilantis & Praseedom, 2009; 
Zhang et  al.,  2018), total complications morbidity (n  =  8) (Cao 
et  al.,  2019; Coolsen et al., 2013; Ji et  al.,  2018; Kagedan et al., 
2015; Lei et al., 2015; Xie et al., 2016; Xiong et al., 2016; Ypsilantis 
& Praseedom, 2009) and readmission rate (n = 8) (Cao et al., 2019; 
Coolsen et al., 2013; Kagedan et al., 2015; Lei et  al.,  2015; Xie 
et  al.,  2016; Xiong et  al.,  2016; Ypsilantis & Praseedom,  2009; 
Zhang et  al.,  2018). Only two reviews (Cao et  al.,  2019; Chen 
et al., 2019) reported that ERAS resulted in a decrease in the time 

of first flatulence, and no review reported time to first oral intake 
or mobilization as well as the degree of recovery of patients at the 
time of discharge.

3.4 | The effectiveness and safety of ERAS after 
pancreatic surgery

The effectiveness of ERAS was reported. Ten reviews reported de-
creased length of stay (Cao et al., 2019; Chen et al., 2019; Coolsen 
et al., 2013; Ji et  al.,  2018; Kagedan et al., 2015; Lei et  al.,  2015; 
Xie et  al., 2016; Xiong et al., 2016; Ypsilantis & Praseedom, 2009; 
Zhang et  al.,  2018), seven reviews reported lower hospital costs 
(Cao  et  al.,  2019; Coolsen et al., 2013; Kagedan et al., 2015; 
Lei et  al.,  2015; Xie et  al.,  2016; Xiong et  al.,  2016; Ypsilantis & 
Praseedom, 2009) and six reviews reported decreased total compli-
cations rate (Chen et al., 2019; Coolsen et al., 2013 Ji et al., 2018; 
Lei et al., 2015; Xie et al., 2016; Xiong et al., 2016). Safety of ERAS 
was reported as no adverse effect incidents of ERAS (Kagedan et al., 
2015), no difference in mortality, (Cao et  al.,  2019; Coolsen et al., 
2013; Ji et  al.,  2018; Kagedan et al., 2015; Xie et  al.,  2016; Xiong 
et al., 2016; Ypsilantis & Praseedom, 2009; Zhang et al., 2018), re-
admission rate (Cao et  al.,  2019; Coolsen et al., 2013; Kagedan 
et al., 2015; Lei et  al.,  2015; Xie et  al.,  2016; Xiong et  al.,  2016; 
Ypsilantis & Praseedom, 2009; Zhang et al., 2018), reoperation rate 
(Cao et al., 2019; Lei et al., 2015; Xiong et al., 2016; Zhang et al., 2018) 
and rate of pancreatic fistula (Ji et al., 2018; Xiong et al., 2016; Zhang 
et al., 2018). The impact of ERAS on patient outcomes is summarized 
in Table 4.

4  | DISCUSSION

4.1 | Overview

ERAS is a patient-centred, evidence-based approach to patient care, 
which includes multiple interventions designed to facilitate optimal 
postoperative recovery (Ljungqvist et  al.,  2017). ERAS in pancre-
atic surgery has been reported in the literature for over a decade 
(Kennedy et al., 2007), with the first ERAS guideline for pancreatic 
surgery published in 2012 (Lassen et al., 2012), and the most recent 
update published in 2020 (Melloul et  al.,  2020). Compared with 
other subspecialties in general surgery, ERAS uptake in pancreatic 
surgery has been comparatively cautious (Lei et al., 2015). This may 
be attributed to the fact that pancreatic surgery is a complex, highly 
difficult procedure, and often associated with more postoperative 
complications (Lei et al., 2015).

In this umbrella review, we found that 9/10 reviews published 
after the original ERAS guideline for pancreatic surgery (Lassen 
et  al.,  2012) were made available, this shows that the release of 
the guidelines has promoted the application of ERAS in patients 
after pancreatic surgery. Only three reviews included randomized 
controlled trials, and this indicates that research in this field is still 
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TA B L E  3   Summary of ERAS elements in included reviews

Included review

Preoperative elements Intraoperative elements Postoperative elements
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Ypsilantis and Praseedom 
(2009)

√ — — √ — √ — — — √ √ — √ √ √ √ √ √ √ — 12

Coolsen et al. (2013) √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ — √ 19

Kagedan et al. (2015) — — — — — √ — — — √ √ — — — √ √ √ √ √ — 8

Lei et al., (2015) — — — — — √ — — — √ — — √ √ — √ √ — — — 6

Xiong et al., (2016) — — — — — √ — — — √ √ — √ √ √ √ √ √ √ — 10

Xie et al., (2016) — — — — — √ — — — √ √ — √ √ √ √ √ √ √ — 10

Zhang et al., (2018) √ — √ — — √ — √ — — √ √ √ √ √ √ — — — — 10

Ji et al., (2018) — √ √ — — — — — — √ — √ √ √ — √ — — — — 7

Chen et al., (2019) — — √ — — — √ √ √ √ √ — √ √ √ √ — √ √ — 12

Cao et al., (2019) √ √ √ √ √ √ √ √ √ √ √ √ √ — — — — √ — — 14

Total reported 4 3 5 3 2 8 3 4 3 9 8 4 9 8 7 9 6 7 5 1

Note: √: reported in the review;—: not reported in the review

TA B L E  4   Summary of patient outcomes indicators in included reviews

Included 
review LOS Cost

Readmission 
rate

Reoperation 
rate Mortality

Total 
complication 
morbidity

Delayed gastric 
emptying Pancreatic fistula Time of first flatulence Abdominal infection Biliary fistula

Incisional wound 
infection

Pulmonary 
infection

Ypsilantis and 
Praseedom 
(2009)

↓ ↓ ND — ND ↑ — — — — — — —

Coolsen 
et al., (2013)

↓ ↓ ND — ND ↓ ND — — — — — —

Kagedan et al. 
(2015)

↓ ↓ ND — ND ND — — — — — — —

Lei et al., (2015) ↓ ↓ ND ND ↓ ↓ — — — — — — —

Xiong 
et al., (2016)

↓ ↓ ND ND ND ↓ ↓ ND — — — — —

Xie 
et al., (2016)

↓ ↓ ND — ND ↓ ↓ ↓ — — — — —

Zhang 
et al., (2018)

↓ — ND ND ND — ↓ ND — — ↓ — —

Ji et al., (2018) ↓ — — — ND ↓ ↓ ND — ↓ — — —

Chen et al. 
(2019)

↓ — — — — ↓ — — ↓ — — — —

Cao et al. 
(2019)

↓ ↓ ND ND ND — ND ↓ ↓ ND — ↓ ↓

Total reported 10 7 8 4 9 8 6 5 2 2 1 1 1

Note: ↓: lower in the ERAS group; ↑: higher in the ERAS group, ND: No differences; —: not reported in the review.
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TA B L E  3   Summary of ERAS elements in included reviews

Included review

Preoperative elements Intraoperative elements Postoperative elements

Total number of 
elements listed in 
the SRPr
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Ypsilantis and Praseedom 
(2009)

√ — — √ — √ — — — √ √ — √ √ √ √ √ √ √ — 12

Coolsen et al. (2013) √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ — √ 19

Kagedan et al. (2015) — — — — — √ — — — √ √ — — — √ √ √ √ √ — 8

Lei et al., (2015) — — — — — √ — — — √ — — √ √ — √ √ — — — 6

Xiong et al., (2016) — — — — — √ — — — √ √ — √ √ √ √ √ √ √ — 10

Xie et al., (2016) — — — — — √ — — — √ √ — √ √ √ √ √ √ √ — 10

Zhang et al., (2018) √ — √ — — √ — √ — — √ √ √ √ √ √ — — — — 10

Ji et al., (2018) — √ √ — — — — — — √ — √ √ √ — √ — — — — 7

Chen et al., (2019) — — √ — — — √ √ √ √ √ — √ √ √ √ — √ √ — 12

Cao et al., (2019) √ √ √ √ √ √ √ √ √ √ √ √ √ — — — — √ — — 14

Total reported 4 3 5 3 2 8 3 4 3 9 8 4 9 8 7 9 6 7 5 1

Note: √: reported in the review;—: not reported in the review

TA B L E  4   Summary of patient outcomes indicators in included reviews

Included 
review LOS Cost

Readmission 
rate

Reoperation 
rate Mortality

Total 
complication 
morbidity

Delayed gastric 
emptying Pancreatic fistula Time of first flatulence Abdominal infection Biliary fistula

Incisional wound 
infection

Pulmonary 
infection

Ypsilantis and 
Praseedom 
(2009)

↓ ↓ ND — ND ↑ — — — — — — —

Coolsen 
et al., (2013)

↓ ↓ ND — ND ↓ ND — — — — — —

Kagedan et al. 
(2015)

↓ ↓ ND — ND ND — — — — — — —

Lei et al., (2015) ↓ ↓ ND ND ↓ ↓ — — — — — — —

Xiong 
et al., (2016)

↓ ↓ ND ND ND ↓ ↓ ND — — — — —

Xie 
et al., (2016)

↓ ↓ ND — ND ↓ ↓ ↓ — — — — —

Zhang 
et al., (2018)

↓ — ND ND ND — ↓ ND — — ↓ — —

Ji et al., (2018) ↓ — — — ND ↓ ↓ ND — ↓ — — —

Chen et al. 
(2019)

↓ — — — — ↓ — — ↓ — — — —

Cao et al. 
(2019)

↓ ↓ ND ND ND — ND ↓ ↓ ND — ↓ ↓

Total reported 10 7 8 4 9 8 6 5 2 2 1 1 1

Note: ↓: lower in the ERAS group; ↑: higher in the ERAS group, ND: No differences; —: not reported in the review.
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lacking high-quality evidence. Also, there may be bias on patient 
grouping, which made the results biased, decreasing the confidence 
of the conclusions of individual reviews.

4.2 | The quality of included reviews

In this umbrella review, we found that the overall quality of the 10 
included reviews was “critically low” according to AMSTAR 2 criteria 
(Shea et  al.,  2017). For item 2, no review published their protocol 
in advance, which may introduce publication bias, and unsatisfac-
tory indicators may be ignored and reported, such as adverse events 
and unexpected withdrawal from the trial. Having an “a priori” re-
view protocol available prior to undertaking the review is recom-
mended (Shamseer et al., 2016) and can increase the transparency 
of the review process. Item 13 is another critical domain of AMSTAR 
2, where no authors accounted for risk of bias in individual studies 
when discussing the results of the review. Risk of bias in individual 
studies could lead to biases on evidence synthesis in the reviews. 
If the conclusions of the review were applied to all patients after 
pancreatic surgery without analysis, it may endanger the safety of 
patients. Thus, these reviews do not provide the accurate and com-
prehensive synthesis of the available evidence (Shea et  al.,  2017). 
Clinicians should be cautious in adopting the conclusions of these 
systematic reviews.

4.3 | Effectiveness and safety of ERAS after 
pancreatic surgery

Effectiveness and safety of enhanced recovery after pancreatic 
surgery were the main focus of all included reviews. All the in-
cluded systematic reviews showed that ERAS after pancreatic sur-
gery contributed to a decreased hospital stay, reducing hospital 
stay 0.36–4.45  days (Cao et  al.,  2019; Chen et  al.,  2019; Coolsen 
et al., 2013; Ji et  al.,  2018; Kagedan et al., 2015; Lei et  al.,  2015; 
Xie et al., 2016; Xiong et al., 2016; Ypsilantis & Praseedom, 2009; 
Zhang et al., 2018), lower hospital costs (Cao et al., 2019; Coolsen 
et al., 2013; Kagedan et al., 2015; Lei et al., 2015; Xie et al., 2016; 
Xiong et al., 2016; Ypsilantis & Praseedom, 2009) and decreased com-
plication rate (Chen et al., 2019; Coolsen et al., 2013; Ji et al., 2018; 
Lei et al., 2015; Xie et al., 2016; Xiong et al., 2016). The effectiveness 
is largely due to the reduction in complications, a decreased hospi-
tal length of stay (Joliat et al., 2015), and improved quality of care 
through process standardization and decreased practice variation, 
all of which contribute to lower hospital costs (Kagedan et al., 2017). 
A less frequently reported effectiveness indicator was the impact 
of ERAS on the patient recovery process. For example, in only two 
reviews (Cao et al., 2019; Chen et al., 2019) was a decrease in the 
time of first flatulence reported, and time to first oral intake or mo-
bilization was not reported in any review. It is suggested that more 
attention should be paid to observation of and reporting outcomes 
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reflecting functional status (e.g. physical activity, activities of daily 
living) and overall health (e.g. quality of life) of patient recovery when 
ERAS is used (Feldman et al., 2015).

Safety of enhanced recovery after pancreatic surgery was also 
reported in the included reviews where there was no change in 
reported adverse events and or mortality (Cao et  al.,  2019; Chen 
et al., 2019; Coolsen et al., 2013; Ji et al., 2018; Kagedan et al., 2015; 
Xie et al., 2016; Xiong et al., 2016; Ypsilantis & Praseedom, 2009; 
Zhang et al., 2018), rate of readmission (Cao et al., 2019; Coolsen 
et al., 2013; Kagedan et al., 2015; Lei et al., 2015; Xie et al., 2016; 
Xiong et al., 2016; Ypsilantis & Praseedom, 2009; Zhang et al., 2018), 
reoperation (Cao et  al.,  2019; Lei et  al.,  2015; Xiong et  al.,  2016; 
Zhang et  al.,  2018) and pancreatic fistula (Ji et  al.,  2018; Xiong 
et  al.,  2016; Zhang et  al.,  2018). Unfortunately, abdominal in-
fection (Cao et  al.,  2019; Ji et  al.,  2018) and biliary fistula (Zhang 
et  al.,  2018) were less frequently measured. Abdominal infection 
and biliary fistula are critical complications for ERAS of pancreatic 
resection and important to measure after pancreatic surgery, they 
will help clinicians make the judgement of patient recovery (Lassen 
et al., 2012; Melloul et al., 2020). In addition, none of the included 
reviews reported the degree of recovery of patients at the time of 
discharge or the standards of discharge, suggesting some outcome 
indicators such as complications were not monitored in hospitals. 
Therefore, it is suggested that long-term follow-up should be used 
to observe the complications in order to ensure the safety of ERAS 
after pancreatectomy.

4.4 | Selection of ERAS elements

Some patient-related outcomes reported in these reviews were 
not always included, such as delayed gastric emptying (Cao 
et  al.,  2019; Coolsen et al., 2013; Ji et  al.,  2018; Xie et  al.,  2016; 
Xiong et  al.,  2016; Zhang et  al.,  2018) and pancreatic fistula (Cao 
et al., 2019; Ji et al., 2018; Xie et al., 2016; Xiong et al., 2016; Zhang 
et  al.,  2018). This may relate to the lack of consistency in which 
ERAS elements were implemented in the protocols evaluated in the 
original articles included in the 10 systematic reviews. The ERAS 
components most commonly included were the use of epidurals an-
algesia/PCA (Cao et al., 2019; Chen et al., 2019; Coolsen et al., 2013; 
Ji et al., 2018; Kagedan et al., 2015; Lei et al., 2015; Xie et al., 2016; 
Xiong et al., 2016; Ypsilantis & Praseedom, 2009), goal-directed mo-
bilization (Cao et al., 2019; Chen et al., 2019; Coolsen et al., 2013; 
Ji et al., 2018; Lei et al., 2015; Xie et al., 2016; Xiong et al., 2016; 
Ypsilantis & Praseedom, 2009; Zhang et al., 2018) and early removal 
of drains (Chen et  al.,  2019; Coolsen et al., 2013; Ji  et  al.,  2018; 
Kagedan et al., 2015; Lei et  al.,  2015; Xie et  al.,  2016; Xiong 
et al., 2016; Ypsilantis & Praseedom, 2009; Zhang et al., 2018). Most 
of the components were related to the postoperative phase, which 
was essential to promote optimal postoperative recovery. Among 
them, sufficient multimodal postoperative analgesia is strongly 
recommended as a core component for rapid recovery (Mendes 
et  al.,  2018; Partelli et  al.,  2016; Pecorelli et  al.,  2016), which has 

been found to reduce stress response to surgery and improving 
compliance to early goal-directed mobilization. It can also bring in 
the recovery of gastrointestinal function and early removal of the 
nasogastric drain (Williamsson et al., 2015), thus speed up the post-
operative recovery process. In addition, some items of ERAS were 
already supported by clear high-level evidence and have a higher 
level of recommendation in the latest guideline, such as avoiding 
hypothermia, use of wound catheter, antimicrobial and thrombo-
prophylaxis, preoperative nutritional interventions for patients with 
severe weight loss (Melloul et al., 2020), so priority should be given 
to these ERAS measures.

A protocol compliance audit was only included in one review 
as an ERAS intervention. (Coolsen et al., 2013) despite auditing 
and feedback of the ERAS protocol being identified as effective 
strategies in implementation studies (Bisch et  al.,  2018; Nelson 
et  al.,  2016), to help decrease ERAS practice variation. The latest 
guidelines published in 2020 also recommended that compliance 
should be documented as part of future trials (Melloul et al., 2020). 
Protocol compliance was found to be low in the postoperative phase 
(Maessen et  al.,  2007), and auditing adherence to the protocol is 
recommended as a standard item in ERAS implementation (Pecorelli 
et al., 2017). Brown and Xhaja (2018) proposed that ERAS coordi-
nators could be well positioned to audit the ERAS process and pro-
mote protocol adherence through weekly chart audits, particularly 
in the early stages of implementation. These suggestions are import-
ant given it has been shown that maintaining high compliance, sus-
tainability and improving patient outcomes is possible when ERAS 
guidelines are implemented (Arrick et al., 2019; Pisarska et al., 2018).

4.5 | Limitations

There are some limitations in this umbrella review. First, we did 
not conduct a meta-analysis in this review, due to heterogene-
ity on patients’ outcomes and unclear definition of outcomes in 
included systematic reviews. Secondly, because of the inconsist-
encies in the components implemented/reported in the included 
systematic reviews makes it difficult to clearly recommend which 
individual interventions are likely to be most beneficial. Last, be-
cause the quality of all the included reviews was low, it was diffi-
cult to draw clear conclusions to evaluate the benefit of the bundle 
of ERAS intervention.

5  | CONCLUSION

In summary, the quality of existing systematic reviews on ERAS after 
pancreatic surgery suggests the further high-quality research in this 
area is required. In addition, the quality of systematic reviews can 
be improved to make available higher-quality evidence syntheses. 
The feasibility and effectiveness of individual ERAS elements also 
require further investigation so that those with the highest-quality 
evidence is prioritized for implementation. Future research should 
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incorporate economic evaluation, process evaluation and interven-
tion compliance.
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