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ARTICLE INFO ABSTRACT

Background: The enhanced recovery after surgery (ERAS) program has been applied to a variety of surgeries.
However, the efficacy and safety of the ERAS program in laparoscopic digestive system surgery remain unclear.
We conducted a meta-analysis to evaluate the ERAS program and traditional perioperative care (TPC) in la-
paroscopic digestive system surgery.

Methods: We searched five electronic databases for eligible trials. STATA version 14.0 and Revman version 5.3
were used to analyze the data. The results were presented and analyzed by weighted mean difference (WMD)
and risk ratio (RR) at their 95% confidence interval (CI).

Results: Twenty-five randomized controlled trials (RCTs) of 2219 patients were included in our meta-analysis.
The results revealed that the postoperative hospital stay (PHS) (WMD: 2.13 day, 95% CI: 2.56 to —1.70,
p = 0.000), time to first flatus (WMD: 12.68 h, 95% CI: 15.95 to —9.41, p = 0.000), and time to defecation
(WMD: 34.35h, 95% CI: 46.82 to —21.88, p = 0.000) were significantly shorter in the ERAS group compared to
the TPC group. Additionally, the overall postoperative complication rate (RR: 0.66, 95% CI: 0.49 to 0.88,
p = 0.000) was markedly lower in patients using the ERAS program.

Conclusion: The results indicated that the ERAS program is associated with faster postoperative rehabilitation,
shorter PHS, and better postoperative complication rates. The use of the ERAS program for laparoscopic di-
gestive system surgery is more effective and safe than TPC, and it should be recommended. (PROSPERO re-
gistration number:CRD42018118551).
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1. Introduction

Surgery of the digestive system is one of the most common ab-
dominal surgeries. Since the operation involves the digestive tract or
glands, the rates of postoperative complications are high and may
prolong the postoperative hospital stay (PHS). Thus far, two new
methods for reducing postoperative stress and helping postoperative
recovery of digestive system surgery have been introduced. One method
is laparoscopic surgery, which was first published by Jacobs et al. [1].
Many randomized controlled trials (RCTs) have proven that laparo-
scopic surgery can lead to shorter PHS, lower postoperative complica-
tion rates, and faster postoperative recovery than open surgery [2-6].
The other method is the enhanced recovery after surgery (ERAS) pro-
gram. It was first introduced by Kehlet et al. [7] in 1995 and was later
developed into an ERAS working group [8,9]. The program includes 17

different projects that include preoperative counseling and feeding,
intraoperative epidural anesthesia, early postoperative mobilisation,
postoperative pain management, postoperative fluid control, and early
feeding [10-12]. This program aims to reduce patient stress response,
improve postoperative recovery, and reduce the postoperative mor-
bidity rate [13,14]. It has been adopted by many specialties, including
colorectal surgery, urology, and gynecology [15,16]. In many relative
studies, the program has shown shorter PHS, and some systematic re-
views and meta-analyses indicate low overall morbidity rates after
surgery [17-22]. However, such meta-analyses were performed with
few RCTs, which results in poor study quality. To date, no similar meta-
analyses have been reported on the ERAS program for laparoscopic
digestive system surgery. The impact of the program in laparoscopic
digestive system surgery still remains controversial. Thus, we con-
ducted this meta-analysis of published RCTs to evaluate the efficacy and
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safety of the ERAS program in patients undergoing laparoscopic surgery
of the digestive system.

2. Methods

This meta-analysis was performed according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) and
AMSTAR (Assessing the methodological quality of systematic reviews)
guidelines  [23]. The PROSPERO registration number is
CRD42018118551.

2.1. Literature search

PubMed, EMBASE, the Cochrane Library, Web of Science, and the
ClinicalTrials.gov were searched for eligible records with no language
restrictions. The last search was in November 2018. All included key-
words are summarized in Supplementary Table 1. Relevant publications
were retrieved to identify additional references. Moreover, references
from other meta-analyses of the same themes were searched.

2.2. Inclusion and exclusion criteria

Studies selected for this meta-analysis were based on the following
inclusion criteria: 1) RCTs that compared the ERAS program with TPC
in laparoscopic digestive system surgery; 2) for all parameters in ERAS
protocol [24], the ERAS program included at least 10 items but not
more than four in the TPC group; 3) the ERAS program protocol was
clearly described; 4) studies reported at least three of the following
outcomes: PHS, first time to flatus or defecation, rate of complications,
readmission rate, or mortality rate; and 5) when duplicates of literature
were retrieved, only the most recent publications were included. Ex-
clusion criteria were as follows: 1) publications were case reports, re-
views, letters, or bioinformatic analyses; 2) studies had insufficient data
which could not extract useable information; 3) studies were not RCTs;
and 4) studies only assessed single aspects of ERAS program.

2.3. Data extraction

Two reviewers (XFN and DJ) independently reviewed and extracted
data from the included trials using standardized forms. When the results
were inconsistent, it was resolved by consultation or by a third re-
viewer. The following data was extracted: name of the first author,
publication year, the number of participants, PHS, first time to flatus
and defecation, rates of complication, and some other details. If data
could not be extracted from RCTs, the parameters were denoted as
“NA”.

2.4. Assessment of risk of bias

Another two researchers evaluated the risk of bias of the identified
RCTs using the Cochrane Collaboration Tool [25]. The quality assess-
ment of each included RCT consisted of the following: bias of selection,
performance, attrition, detection, reporting, and other items. The bias
was divided into “low risk”, “high risk”, or “unclear risk” for each do-
main. When the results of the two researchers were different, all group
members would discuss it together to reach a consensus.

2.5. Statistical analysis

Statistical analyses were conducted using STATA version 14.0
(STATA corp., College Station, TX.) and Review Manger version 5.3
(Nordic Cochrane, Copenhagen, Denmark). The WMDs and their 95%
CIs were calculated to analyze continuous variables, and the overall
RRs were calculated for analysis of dichotomous variables with their
95% CIs. For continuous variables, if means and standards were not
directly provided in the articles, we extracted the available data
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(medians and ranges) and transformed them to means and standards
based on the methods provided by Hozo et al. and Luo et al. [26,27].
Heterogeneity among all trials was determined using the chi-squared
test and the I? statistic (P value < 0.1 or I> > 50% was considered as
high heterogeneity). If there was high heterogeneity among trials, the
random-effects model was utilized to analyze the trials [28]. Otherwise,
a fixed-effects Mantel-Haenszel model was used. Sensitivity analysis
was conducted to measure the impact on the reliability of the results by
removing individual literatures. Publication bias was tested using
Begg's and Egger's test with Egger's funnel plots [29,30].

3. Results
3.1. Study selection and characteristics

There were 1415 records retrieved through the five electronic da-
tabases, and two additional records were identified from other sources.
There were 904 records that were screened after eliminating duplicates,
and 804 records were excluded after screening the titles and abstracts.
The full texts of the remaining 100 articles were screened, and 75 ar-
ticles were eliminated after the full text was reviewed. Finally, twenty-
five RCTs were selected in current study [31-55]. A flow chart of the
research selection is summarized in Fig. 1.

The characteristics of the included RCTs are shown in Table 1. All
RCTs were published between the years 2011 and 2018. All of the se-
lected trials included a total of 1087 patients in ERAS group, and 1132
patients were in the TPC group. The number of patients in each trial
ranged from 35 to 209. All twenty-five RCTs had an ERAS protocol that
was clearly defined, and at least thirteen parameters were included in
each trial. Relevant parameters involved in the studies were based on
the new ERAS Society Recommendations published in 2018 [24], and
they are summarized in Table 2.

3.2. The efficacy outcomes of the ERAS program

Twenty-four trials, except Veenhof et al. [36], reported on the
postoperative hospital stay (PHS) of 1068 patients undergoing the ERAS
program and 1109 patients undergoing TPC. The results indicated that
patients undergoing the ERAS program had significantly shorter PHS
(WMD: 2.13 days, 95% CI: 2.56 to —1.70, p = 0.000) compared to
patients undergoing TPC (Fig. 2A). Since there was high heterogeneity
% > 80%) among the studies, the random-effects models were used.
Sixteen studies reported time to first flatus, and ten studies reported
time to defecation. In the random-effects models, the durations to first
flatus (WMD: 12.68 h, 95% CI: 15.95 to —9.41, p = 0.000) and defe-
cation (WMD: 34.35h, 95% CI: 46.82 to —21.88, p = 0.000) were
clearly shorter in patients undergoing the ERAS program compared to
patients undergoing TPC (Fig. 2B and C). Both parameters had high
heterogeneity (I> > 80%). To resolve the heterogeneity, we performed
subgroup analyses for these three parameters by country and surgery
type. The results showed no observable effect of any trials on hetero-
geneity.

3.3. The safety outcomes of the ERAS program

Twenty-four studies, except Wang et al. [52], were included in the
analysis of the complication rates of 2174 patients. In total, 184
(17.3%) patients in the ERAS program group and 293 (26.4%) patients
in the TPC group had complications. The meta-analysis revealed
markedly lower complication rates in patients undergoing the ERAS
program (RR: 0.66, 95% CI: 0.49 to 0.88, p = 0.000) compared to pa-
tients undergoing TPC (Fig. 3). Because of the heterogeneity
(12 = 57.5%), the random-effects models were applied. Nine studies
contained 22 (4.4%) ERAS patients and 33 (6.2%) TPC patients that
were readmitted within 30 days after surgery. No significant difference
was observed in the readmission rates between the two programs (RR:


http://ClinicalTrials.gov

X. Ni, et al.

1415 results from : PubMed 279;
EMABSE 385; Web of Science
214;Cochrane Library 407;
ClinicalTrials.gov 130

Y

International Journal of Surgery 69 (2019) 108-115

Additional results from other
resources(n=2)

Records screend after duplicates removed(n=904)

A 4

804 records were excluded by screend titles or
abstracts by following reason:letters or reviews,
meta-analysis, cases, not digestive system, not
relevant topics, not ERAS program, trial in
progressing

Full-text in detail (n=100)

Full-text articles excluded(n=75)
insufficient data n=17

A 2

not original publication n=2
Relevant non-RCTs n=56

Final eligible RCTs included for meta-analysis n=25

Fig. 1. Flow chart of study selection.

0.72, 95% CI: 0.43 to 1.20, p = 0.708). Data for mortality rates were
reported in four of the trials. The results of the analysis indicated that
there was no obvious difference in mortality rates. The mortality rate
was 4 (1.8%) in the ERAS program groups, and it was 6 (2.6%) in the
TPC groups (RR: 0.75, 95% CI: 0.25 to 2.24, p = 0.526). Since there
was no heterogeneity in the readmission rates and the mortality rates
(1% = 0.00%), the fixed-effect models were used.

3.4. Sensitivity analysis and publication bias

Sensitivity analysis was carried out to assess the stability and re-
liability of the results. The analysis results indicated that similar overall
effects were observed with the removal of an individual study (Fig. 4A).
Our meta-analysis was stable and credible.

Egger's and Begg's tests were conducted to evaluate the bias among
the RCTs. No obvious dissymmetry was observed in the Egger's funnel
plot for postoperative complication rates among the studies (Fig. 4B).
The results of Egger's test were t = —1.28 and p = 0.21. The results of
Begg's test were z = 0.77 and p = 0.44. There was no observable
publication bias in this study.
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3.5. Assessment of the risk of bias

Review Manger 5.3 was used to evaluate the risk of bias among the
trials. It was difficult for surgeons and patients to abide to double
blinding in such clinical trials. The performance bias in most of in-
cluded trials was not evaluated as low-risk. The risk of overall bias was
moderate to low risk, and the risk of bias graph and summary are shown
in Fig. 5.

4. Discussion

Surgical operation is a major trauma to the human body, and it
often leads to a range of psychological or physiological reactions, which
are collectively known as the stress response [56]. Surgical rehabilita-
tion is a complex process involving physiological, psychological, social,
and economic factors [57]. Since the ERAS program and the laparo-
scopic techniques were introduced to surgical operations, these two
methods have become the two major approaches to reduce the surgical
stress response and enhance the postoperative recovery after surgery. In
fact, there have been some short-term benefits observed in a number of
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Table 1
Characteristics of the included RCTs.
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Study Year Sample size Age (years) mean * SD Gender (M/F) Type of surgery Follow-up (days)
ERAS TC ERAS TC ERAS TC
Lee,Taek-Gu 2011 46 54 61.9 = 11.2 60.6 = 0.0 26/20 30/24 Lap + colorectal 30
Van Bree,S-H. 2011 18 17 65.0 = 9.4 66.0 = 10.2 9/9 9/8 Lap + colorectal 30
Vlug,M.S. 2011 100 109 66.0 = 8.6 68.0 = 8.8 53/47 68/41 Lap + colorectal 28
Wang,Q. 2011 40 38 71.4 + 3.7 72.3 £ 4.0 22/18 20/18 Lap + colorectal 30
Chen Hu,J. 2012 19 22 59.3 = 6.0 61.4 = 7.1 10/9 10/12 Lap + gastrectomy 28
Kim, J. W. 2012 22 22 52.6 = 11.6 57.5 = 145 13/9 15/7 Lap + gastrectomy 30
Veenhof,A.A.F.A. 2012 19 23 64.4 £ 9.2 66.1 + 9.9 10/9 19/4 Lap + colorectal 30
Wang,G. 2012 40 40 55.7 = 17.3 56.1 = 14.6 27/13 26/14 Lap + colorectal 30
Lee,S.M. 2013 52 46 61.2 = 10.8 61.7 = 10.8 36/16 28/18 Lap + rectal 30
Mari,G.M. 2014 25 25 NA NA NA NA Lap + rectal 30
Taupyk,Y. 2015 31 39 58.5 = 8.4 57.4 = 10.1 22/9 20/19 Lap + colorectal 30
Abdikarim,I. 2015 30 31 63.0 = 12.0 62.0 = 11.0 21/9 20/11 Lap + gastrectomy 30
He,F. 2015 48 38 56.3 = 16.3 60.4 = 20.7 22/26 18/20 Lap + liver 30
Li,Y. 2016 67 60 72.9 * 6.7 71.8 + 8.0 49/18 47/13 Lap + gastrectomy 30
Liu,G. 2016 21 21 69.2 = 5.1 70.3 = 5.8 10/11 12/9 Lap + gastrectomy 30
Mingjie,X. 2016 73 76 60.5 = 7.3 62.0 = 8.3 48/25 50/26 Lap + gastrectomy 30
Liang,X. 2016 80 107 53.4 + 13.5 55.5 + 12.8 37/43 50/57 Lap + liver 30
Mari,G.M. 2016 70 70 63.8 = 8.7 66.4 = 10.1 39/31 35/35 Lap + colorectal 30
Shetiwy,M. 2017 35 35 48.5 + 12.3 53.6 = 11.5 21/14 14/11 Lap + colorectal 28
Xu,X. 2017 30 30 60.2 = 8.1 60.1 = 8.1 12/18 16/14 Lap + gastrectomy 30
Liang,X. 2017 56 58 56.4 + 13.9 59.3 + 10.4 32/24 37/21 Lap + liver 30
Ling,FY. 2017 50 50 56.0 = 15.0 55.0 = 14.0 37/13 33/17 Lap + esophagectomy 30
Zhang, Z. 2017 47 47 56.0 = 6.6 559 * 6.4 25/22 28/19 Lap + esophagectomy 90
Wang,C.G. 2017 22 23 409 *= 6.2 41.2 = 5.6 13/9 14/9 Lap + cholecystectomy 30
Kang,SH. 2018 46 51 56.3 = 10.4 545 = 12.6 33/13 38/13 Lap + gastrectomy 30
Lap: laparoscopic surgery, NA: not available.
studies. Numerous studies have looked at if combining the two methods not demonstrate these benefits.
leads to faster recovery. Thus, we performed the current meta-analysis In this study, we combined useable data to evaluate the effective-
to evaluate the safety and efficacy of the ERAS program combined with ness of the ERAS program. The results of our analysis revealed that
laparoscopic techniques. The main outcome parameters of certain trials patients undergoing laparoscopic digestive system surgery with the
reflected the advantages of the ERAS program; however, other trials did ERAS program had a shorter length of PHS (2.13 days), time to first
Table 2
ERAS items in each RCTs.
Study a b c d e f g h i j k 1 m n o p q r s t u v w X y Items
Lee,Taek-Gu (2011) v v v v v v v v v v v v ¥ v v v v 17
van Bree,S'H.(2011) v v v v v v v Vv v v v v v v v v 16
Vlug,M.S.(2011) v v v v v v v v v v v v v v v 15
Wang,Q.(2011) v v v v v v v v v v v vy v v 14
Chen Hu,J.(2012) v v v v v v v v v v v v v v v 15
Kim, J. W.(2012) v v v v v v v v v ¢ v v v v 14
Veenhof,A.A.F.A.(2012) v v v v v v ¢ v v v v v v 13
Wang,G.(2012) v v v v v v v v V¥ v v v v v Vv v v 17
Lee,S.M.(2013) vy v v v v v v v ¢ v v v ¢ v v vy v 17
Mari,G.M.(2014) v v v v v v Vv Vv V¥ v v v ¢ v v vy v 17
Taupyk,Y.(2015) v v v v v Vv v v v v v Y v 14
Abdikarim,I.(2015) v v v v v v v v Vv v v vy v 13
He,F.(2015) v v v v v v v v v ¢ vy v v vy 14
1i,Y.(2016) v v v v v v v v v ¢ vy v v v 15
Liu,G.(2016) v v v v v v v v v v v ¢ v v 14
Mingjie,X.(2016) v v v v v v v v v v Vv Vv Vv Vv V¥ Y 16
Liang,X.(2016) v v v Vv v v v v V¥ v v v ¥ v v vy v 17
Mari,G.M.(2016) v v v v v v v ¥ v v v Y v v v 15
Shetiwy,M.(2017) v v v v v v v v v v Vv Vv Vv V¥ v v v v 18
Xu,X.(2017) v v v v v v Vv Vv v Vv Vv Vv Vv V¥ Y v 16
Liang,X.(2017) v v v Vv v v v v v Vv Vv Vv Vv V¥ v v vy v 18
Ling,FY.(2017) v v v v v v v v v Vv Vv Vv Vv V¥ v v v 17
Zhang,7..(2017) v v v v v v v v v v v vy v 13
Wang,C.G.(2017) v v Y v v v v v v Vv v v v vy 14
Kang,S'H.(2018) v v v v v v v Vv ¥ v v v VY v v v v 17

The ERAS parameters were numbered in (a-y): a: Preadmission information, education and counseling; b: Preoperative optimization; c: Prehabilitation; d:
Preoperative nutritional care; e: Management of Anaemia; f: Prevention of nausea and vomiting (PONV); g: Pre-anaesthetic medication; h: Antimicrobial prophylaxis
and skin preparation; i: Bowel Preparation; j: Preoperative fluid and electrolyte therapy; k: Preoperative fasting and carbohydrate loading; 1: Standard Anaesthetic
Protocol; m: Intraoperative fluid and electrolyte therapy; n: Preventing intraoperative hypothermia; o: Surgical access; p: Drainage of the peritoneal cavity and pelvis;
q: Nasogastric Intubation; r: Postoperative analgesia; s: Thromboprophylaxis; t: Postoperative fluid and electrolyte therapy; u: Urinary drainage; v: Prevention of
postoperative ileus; w: Postoperative glycaemic control; x: Postoperative nutritional care; y: Early Mobilisation.
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Study A %
D WMD (95% Cl) Weight
Lee, Taek-Gu(2011) ' ® -1.00 (-1.18,-0.82)  5.41
Van Bree,S.H.(2011) = -1.65 (2.40,-0.90) 4.68
Viug,M.8.(2011) '™ -0.97 (1.17,-0.77) 539
Wang,G.(2012) T -1.10(-2.99,0.79) 2.65
Wang,Q.(2011) . -1.50 (-1.67,-1.33)  5.41
Lee,S.M.(2018) L= -0.33 (-0.64,-0.02) 5.30
Mari,G.M.(2014) — 2.95(-4.28,-162) 3.59
Taupyk,Y.(2015) = -8.70 (-4.15,-8.25) 5.15
Mari,G.M.(2016) - 2.20(-3.18,-127) 435
Shetiwy,M.(2017) ~——%—— i -8.82 (-11.12,-6.52) 2.13
Chen Hu,J.(2012) | = -0.55(1.82,0.22) 464
Kim,J.W.(2012) - 2.59 (-3.62,-1.56) 4.16
Abdikarim,|.(2015)  J -0.90 (-1.45,-0.35)  5.01
Li,Y.(2016) —_—— -4.80 (-7.29, -2.31) 1.93
Liu,G.(2016) < -1.50 (-2.50, -0.50) 4.21
Mingjie,X.(2016) - 224 (-3.04,-1.44) 4.60
Xu,X.(2017) = -0.60 (-1.44,0.24) 451
Kang,S.H.(2018) L -0.80 (-1.02,042) 4.74
He,F.(2015) - ! -4.21 (-4.86, -3.56) 4.86
Liang,X.(2016) —— 3.70 (-4.95,-2.45) 3.73
Liang,X.(2017) — -1.88 (-3.22,-0.54) 3.57
Ling,F.Y.(2017) —r -2.90 (-4.30,-1.50) 3.46
Zhang,Z.(2017) — -4.04 (-5.50, -258) 3.36
Wang,C.G.(2017) —— -3.50 (5.06,-1.94) 3.18
Overall (I-squared = 93.9%, p = 0.000) o3 -2.13 (256, -1.70)  100.00
1
NOTE: Weights are from random effects analysis
T T
=111 0 1.1
suyy B %
D WMD (95% C1) Weight
Lee,Taek-Gu(2011) -3.93(7.13,-073) 769
Viug.M..(2011) 119 (:3.20,0.82) 8.05
Wang,Q.(2011) 7.33(:9.07, -5.59) 81
Lee,S.M.(2013) ~ -14.28 (-17.08, -11.48) 782
Mari,G.M.(2014) —_— E -28.80 (-40.29, -17.31) 410
Taupyk.Y.(2015) —_— -21.60 (:31.17, -12.03) 485
Mari,G.M.(2016) —— -12.00 (-17.98, -6.02) 650
Chen Hu,J.(2012) —— -8.59 (-14.23, -2.95) 6.66
i
Kim,J.W.(2012) - -4.36(-14.43,5.71) 464
Li.Y.(2016) —%:— -14.40 (-22.85, -5.95) 534
Liu,G.(2016) _ -12.00 (:28.71, 4.71) 262
Kang,S H.(2018) é 1364 (-15.52, -11.76) 8.08
He,F(2015) — -24.33 (:31.37, -17.29) 599
LiangX.(2017) —_— ! -33.23 (-44.65, -21.81) 412
Ling.FY.(2017) : = -10.00 (-13.18, -6.82) 7.69
Wang,C.G.(2017) - 1300 (-16.03, -9.97) 775
Overall (I-squared = 91.3%, p = 0.000) <> 12,68 (-15.95, -9.41) 100.00
NOTE: Weights are from random effects analysis E
T T
446 o 46
s G %
© o @51y wogn
- : - “as0(rze, 117 17
S—" p— S
a— - —— a
- - mn e
- —
J—— P 120002105, 29 1268
S i S0, <> P i
T T

101 o 101

Fig. 2. Forest plot for the efficacy outcomes compared the ERAS program with
the TPC: A) PHS; B) first time to flatus; C) first time to defecation.

flatus (12.68 h), and defecation (34.35h) compared to the TPC group.
Meanwhile, the safety of the ERAS program was also assessed. Our
study indicated that the ERAS program group had lower postoperative
complication rates (RR = 0.66), but there were no significant differ-
ences found in the mortality and readmission rates. The ERAS program
was generally considered to accelerate postoperative recovery, but it
might cause higher rates of complications and readmission. However,
the analyses showed that the ERAS program had shorter PHS, and it did
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Study %
D RR (95% Cl) Weight
Lee, Taek-Gu(2011) = 0.50 (0.21,1.20)  4.90
Van Bree,S.H.(2011) —e— 0.27 (0.09,0.82) 3.88
Vlug,M.S.(2011) ot 1.00 (0.69, 1.46)  7.73
Veenhof,A.A.F.A.(2012) — 0.27 (0.07,1.10)  2.84
Wang,G.(2012) 0.50 (0.13,1.86) 3.1
Wang,Q.(2011) . 0.27 (0.06,1.19) 263
Lee,S.M.(2013) i 1.77 (0.97,3.24)  6.39
Mari,G.M.(2014) - 3.00 (0.13, 70.30) 0.76
Taupyk,Y.(2015) e — 0.63 (0.06,6.62) 1.28
Mari,G.M.(2016) —— 080 (040, 158) 593
Shetiwy,M.(2017) —= 0.38 (0.17,0.85) 520
Chen Hu,J.(2012) L 174 (0.91,333) 6.12
Kim,J.W.(2012) —_— 0.75(0.19,2.97) 293
Abdikarim,|.(2015) —_— 0.52 (0.05,5.40) 1.28
Li,Y.(2016) —E,— 0.50 (0.25,0.99) 5.89
Liu,G.(2016) - 1.83 (0.83,4.04) 533
Mingjie,X.(2016) — 1.04 (0.15,7.20) 1.77
Xu,X.(2017) — 0.20 (0.01,4.00) 0.83
Kang,S.H.(2018) —o— 0.74(0.28,1.92) 4.50
He,F.(2015) —_— 0.92(0.34,252) 427
Liang,X.(2016) —_— 0.23(0.11,0.45) 5.88
Liang,X.(2017) = 0.64 (0.43,0.96) 7.60
Ling,F.Y.(2017) —— 0.78 (0.31,1.93) 472
Zhang,Z.(2017) —i— 0.24 (0.09,0.65) 4.24
Overall (--squared = 57.5%, p = 0.000) <> 0.66 (0.49,0.88)  100.00
\

NOTE: Weights are from random effects analysis |

T

T
.01 100

Fig. 3. Forest plot for the ERAS program compared with the TPC in overall
complication rates.

not increase the risk of complications and the readmission rates. In
summary, the ERAS program is helpful for rapid recovery after diges-
tive system surgery.

In the current study, we primarily focused on the digestive system
surgeries of colorectal surgery, gastrectomy, liver surgery, cholecys-
tectomy, and esophagectomy. All results were obtained by analyzing
these types of laparoscopic surgeries. To make the results more accu-
rate, we selected RCTs as the inclusion criteria. However, there are few
RCTs for certain types of surgery, such as laparoscopic cholecystectomy
(1 RCT) and esophagectomy (2 RCTs). The results of the included RCTs
showed that the ERAS program could reduce the PHS of laparoscopic
cholecystectomy without increasing complications and readmission
rates. Moreover, some studies that involved the ERAS program items
also indicated that the ERAS program had better postoperative benefits
compared to TPC in laparoscopic cholecystectomy [58,59]. The RCT
cases of laparoscopic esophagectomies indicated that the ERAS program
can accelerate postoperative rehabilitation and shorten PHS. Moreover,
several comparative studies revealed the same results as the included
RCTs above [60,61]. These results suggest that the ERAS program could
shorten PHS, reduce complication rates, and promote postoperative fast
recovery in laparoscopic cholecystectomy and esophagectomy. Fur-
thermore, high-quality RCTs are required to confirm the results of our
study.

In recent years, a limited number of meta-analyses were conducted
to assess the efficacy and safety of the ERAS program in patients un-
dergoing laparoscopic surgery. In 2014 and 2016, Zhao's and Yang's
studies [22,62] evaluated ten (including five RCTs) and eight studies on
laparoscopic colorectal and liver surgery, respectively. In 2017 and
2018, two meta-analyses performed by Li et al. [63] and Liu et al. [64]
evaluated the program in laparoscopic gastrectomy. Compared to these
studies, this meta-analysis has certain advantages. The current study
included a large number of RCTs, and the previous meta-analyses in-
cluded only a limit number of RCTs or even no RCT. Our meta-analysis
is also the first to evaluate the ERAS program in laparoscopic digestive
system surgery; other studies only assessed one type of digestive system
surgery. Compared to previous studies, our conclusions are more ac-
curate and reliable because we included the latest trials that met the
inclusion criteria. Moreover, our study included the most comprehen-
sive parameters, such as time to first defecation and mortality rates.
Furthermore, this meta-analysis was strictly screened to meet the in-
clusion criteria.
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Fig. 4. Sensitivity analysis of the pooled RR (A); Egger's funnel plot of the publication bias (B).

Significant heterogeneity was detected for some outcomes among
the studies. Thus, we performed sensitivity and subgroup analyses to
evaluate the cause of heterogeneity. However, the sensitivity analyses
indicated the results are stable and reliable, and the subgroup analyses
of country and type of surgery did not eliminate the sources of het-
erogeneity. No individual trials affected the overall outcomes.
Therefore, the heterogeneity in our meta-analysis may be due to the
clinical heterogeneity, such as the ERAS items used, the various patient
demographics, the inclusion criteria, the surgical technique, and the
TPC approach that varied in different countries. Another concern is the
publication bias because studies with positive results are more likely to
be published in journals. Thus, we tried to develop a more compre-
hensive search strategy to minimize the possible bias. No obvious bias
was identified in our study.

5. Conclusion
In conclusion, this meta-analysis indicated that ERAS programs

significantly shortened PHS, accelerated gastrointestinal function re-
covery, and reduced overall postoperative complication rates without

affecting the readmission rates in laparoscopic digestive system sur-
gery. The ERAS programs are effective and safe in laparoscopic diges-
tive system surgery. Further high-quality, multicenter RCTs are needed
to provide more evidence.
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