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Abstract

Background Enhanced recovery after surgery (ERAS) program has shown a few advantages in colorectal cancer surgery.
However, the effectiveness of the ERAS program in laparoscopic colorectal cancer surgery is still unclear. We performed a
meta-analysis of randomized controlled trials (RCTs) to evaluate the effect of ERAS program in laparoscopic colorectal cancer
surgery compared with traditional perioperative care (TC).

Methods PubMed, EMBASE, Web of Science, The Cochrane Library, and ClinicalTrials.gov were searched for eligible RCTs
comparing ERAS program with TC in laparoscopic colorectal cancer surgery. The main outcomes included the average length of
postoperative hospital stay (PHS), time to first flatus and defecation, overall complication, readmission, and mortality rates were
undertaken.

Results Thirteen RCTs involving 1298 patients were included in our study (639 in ERAS group and 659 in TC group).
ERAS group had shorter average length of PHS (weighted mean difference [WMD] — 2.00 day, 95% confidence interval
[CI] —2.52 to — 1.48, p=0.00), time to first flatus (WMD —12.18 h, 95%CI — 16.69 to — 7.67, p = 0.00), and time to first
defecation (WMD —32.93 h, 95%CI —45.36 to —20.50, p =0.00) than TC group. In addition, the overall complication
rates (risk ratio [RR] 0.59, 95%CI 0.40 to 0.86, p <0.01) were significantly lower in ERAS group compared with TC
group.

Conclusions The results indicated that ERAS program is a much better effective and safe protocol for laparoscopic colorectal
cancer surgery compared with TC. Hence, ERAS program should be recommended in laparoscopic colorectal cancer surgery.
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Introduction

Colorectal cancer (CRC) is the third most common cancer
in men and women." There are 1.4 million cases previously
diagnosed with CRC, and an additional 134,490 patients
are diagnosed in 2016 in USA."* Surgery is the most com-
mon treatment for CRC, as the intestinal tract is involved
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in the process of surgery, the postoperative morbidity rate
is high and the average length of postoperative hospital
stay (PHS) may be prolonged.® To avoid these problems,
many new techniques and methods have been introduced
into colorectal cancer surgery. Laparoscopic (assisted) sur-
gery for colorectal resection has been first described by
Jacobs et al.* in 1991. Laparoscopic colorectal cancer sur-
gery shows some advantages in reducing the average
length of PHS and postoperative morbidity.>®

Enhanced recovery after surgery (ERAS) program is
first introduced by Kehlet et al.? in the mid 1990s, which
aims to reduce surgery stress, accelerate the average
length of postoperative functional recovery, and lower
postoperative morbidity.'®"'* This program developed in-
to ERAS working group to recommend standard protocol
for ERAS program.'® It contains 17 different items, in-
cluding preoperative counseling, optimal intraoperative
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epidural anesthesia, postoperative fluid limitation, early
recovery mobilization, postoperative pain control, and
carly feeding.'*'> Some RCTs have proven that ERAS
program is associated with shorter average length of
PHS, lower postoperative morbidity, and faster gastroin-
testinal function recovery.w’17 But in other studies, there
is no significant difference between ERAS group and tra-
ditional care (TC) group.'® A few meta-analyses have
been published about ERAS program in laparoscopic co-
lorectal cancer surgery.'>*° However, such meta-analyses
have been conducted on a limited number of RCTs and
most of them have been regarded as poor quality. It is
necessary to perform a meta-analysis with a large number
of RCTs. The impact of ERAS program in laparoscopic
colorectal cancer surgery is still controversial. Therefore,
we collected and extracted data from relevant RCTs and
performed the present meta-analysis to evaluate the ef-
fects of ERAS program in laparoscopic colorectal cancer

surgery.

Methods

This meta-analysis was conducted in accordance with the
guidelines of PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta Analyses).?' This study
has been registered in the PROSPERO register
(CRD42019118565).

Literature Search

We searched the PubMed, EMBASE, Cochrane Library, Web
of Science, and ClinicalTrials.gov for relevant results (last
search, October 2018). There were no language restrictions
in our study. The following keywords were used: (“fast
track” OR “enhanced recovery” OR “FTS” OR “ERAS”
OR “accelerated rehabilitation” OR “multimodal
perioperative care” OR “enhanced recovery after surgery”
OR “enhanced recovery of surgery program” OR “enhanced
recovery of surgery program” OR “clinical pathway” OR
“critical pathway” OR “perioperative protocol” OR
“evidence-based medicine” AND “colectomy” OR
“colorectal” OR “colon” OR “rectal” OR “sigmoid” OR
“rectum” OR “colonic” OR “colorectal cancer” OR
“colorectal diseases” OR “intestines” OR “intestinal
diseases” OR “rectal surgery” OR “sigmoidectomy” AND
“laparoscopy” OR “laparoscopic” OR “minimally invasive”
OR “laparoscopic surgery” AND “randomized” OR
“randomly” OR “RCT” OR “trial” OR “control”).
Furthermore, relevant literature was evaluated for additional
references on the same subject.

Data Extraction and Quality Assessment

Data were selected and extracted by two independent re-
viewers with standardized forms. For each RCT, the following
data were extracted: the number of participants, the average
length of PHS, complications, readmissions, mortality, and
other parameters. Quality assessment was evaluated using
the Cochrane Collaboration’s risk of bias tool.”* The tools
included an assessment of selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other items.
The risk of each parameter was graded as “low risk,” “high
risk,” or “unclear risk,” respectively.

Inclusion and Exclusion Criteria

Relevant RCTs for our meta-analysis met the following inclu-
sion criteria: (1) RCTs comparing the ERAS group with TC
group in patients undergoing laparoscopic colorectal cancer
surgery; (2) studies describing the ERAS program with a clear
protocol; (3) studies including at least three of the following
parameters—the average length of PHS, duration of flatus or
defecation, rates of complications, readmissions, or mortality;
and (4) studies describing an ERAS program at least 13 pa-
rameters in the ERAS group.?® The exclusion criteria were as
follows: (1) studies were reviews, letters, cases, or bioinfor-
matics; (2) studies were not RCTs; (3) studies only had the
abstracts presented at national or international conferences
without full-text articles; (4) studies reported ERAS program
without laparoscopic colorectal cancer surgery; (5) when du-
plicate publications were extracted, only the latest one was
included.

Statistical Analysis

For dichotomous variables, overall RRs and their correspond-
ing 95%Cls were used to analyze the pool results. For contin-
uous variables, the WMDs with 95%CIs were calculated for
analysis of the included studies. When articles only provided
medians and ranges of the continuous variables, we converted
them into means and standard with the methods provided by
Hozo et al. and Luo et al.***> The chi-squared test and />
statistic were used to assess the heterogeneity among all stud-
ies. A random-effects model was used to calculate the param-
eters when there was statistically high heterogeneity (P value
<0.1 or P> 50%).26 Otherwise, we selected a fixed-effects
model. Sensitivity analysis was performed to test the reliabil-
ity of present meta-analysis by eliminating individual studies.
Egger’s test and funnel plot asymmetry were measured to
evaluate the publication bias.>”*® All statistical analyses were
conducted with STATA version 14.0 (STATA corp., College
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Station, TX) and Review Manger version 5.3 (Nordic
Cochrane, Copenhagen, Denmark).

Results
Study Selection and Characteristics

By searching the five electronic databases, 834 publications
were identified. And one additional publication was retrieved
from other sources. Two hundred ninety-eight publications
were eliminated because of duplication. The remaining 537
publications were screened by the titles and abstracts, and 474
records were excluded. Subsequently, 50 publications were
excluded after full-text reading. Eventually, 13 studies includ-
ing 13 RCTs were enrolled in the present meta-
analysis.'* %23 A flowchart meeting the research selection
is summarized in Fig. 1.

The 13 studies included 639 ERAS patients, and 659 TC
patients, from China, Korea, Netherland, Italy and Egypt. All
trials were published between 2011 and 2017. The number of
participants in each RCT ranged from 35 to 210. General
characteristics of the included trials are summarized in
Table 1. All 13 trials covered in this meta-analysis had a clear

ERAS protocol. Each trial had at least 13 items which de-
scribed the ERAS program in the ERAS group. Table 2 sum-
marizes the relevant elements involved in these trials accord-
ing to the new Enhanced Recovery After Surgery (ERAS)
Society Recommendations published in 2018.%

The Average Length of Postoperative Hospital Stay

Twelve studies, except Veenhof et al.,> reported the aver-
age length of PHS including 620 patients in ERAS group
and 636 patients in TC group. The results indicated that
ERAS group has a significant shorter average length of
PHS (WMD —2.00 day, 95%CI —2.52 to —1.48, p =
0.00) than TC group (Fig. 2). As a high heterogeneity
(P >50%) was observed in the analysis, a random-effects
model was selected. To clear the heterogeneity, subgroup
analyses of countries and surgery types were performed.
The results of the subgroup analyses revealed that no sig-
nificant heterogeneity was affected by any single trial.

Time to First Flatus and Defecation

Nine RCTs and seven RCTs, involving 1071 and 678 patients,
reported time to first flatus and time to first defecation,

Fig. 1 Flowchart meeting the
study selection

834 records from : PubMed 150;
EMABSE 215; Web of Science
145;Cochrane Library 210;
ClinicalTrials.gov 114!

Additional results from other
resources(n=1)

4

A 4

Records screend after duplicates eliminated (n=537)

474 records were excluded by screend the titles
and abstracts by following reason:letters or
reviews, cases, not colorectal cancer, not ERAS
program, not relevant topics

A 2

Full-text in detail (n=63)

Full-text articles excluded(n=50)
insufficient data n=25
not original publication n=1
same patient source n=1
Relevant non-RCTs n=23

{
L

Final eligible RCTs included for meta-analysis n=13
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Table 1 General characteristics of the included RCTs

Study Year  Country Sample size Age (years), mean = SD Gender (M/F) Types of surgery ~ Follow-up

(days)
ERAS TC ERAS TC ERAS TC

Lee, Taek-Gu 2011 Korea 46 54 61.9+11.2 60.6 0.0 26/20 30/24 Lap + colorectal 30

Van Bree, S.H. 2011 Netherlands 18 17 65.0+94 66.0+102 919 9/8 Lap + colorectal 30

Vlug, M.S. 2011 Netherlands 100 109  66.0£8.6 68.0+8.8 53/47 68/41  Lap + colorectal 28
Veenhof, A.A.F.A. 2012 Netherlands 19 23 64.4+92 66.1+9.9 10/9 19/4 Lap + colorectal 30

Wang, G. 2012 China 40 40 557+173  56.1+£146  27/13 26/14  Lap + colorectal 30

Wang, Q. 2011  China 40 38  71.4+3.7 72.3+4.0 22/18 20/18  Lap + colorectal 30

Lee, S.M. 2013 Korea 52 46 61.2+10.8 61.7£10.8  36/16 28/18  Lap + rectal 30

Feng, F. 2014  China 57 59 54.0+120 563+11.5  36/21 40/19  Lap + rectal 30

Mari, G.M. 2014 Italy 25 25 NA NA NA NA Lap + rectal 30
Taupyk, Y. 2015  China 31 39 585+84 574+10.1  22/9 20/19  Lap + colorectal 30

Mari, G.M. 2016 Italy 70 70 63.8+8.7 66.4+10.1  39/31 35/35  Lap + colorectal 30

Wang, G. 2011 China 106 104 56.6+6.2 548+54 65/41 60/44  Lap + colorectal 30
Shetiwy, M. 2017  Egypt 35 35  485+123  53.6+115  21/14 14/11  Lap + colorectal 28

Lap laparoscopic surgery, NA not available

respectively. In random-effects models, the results indicated
that significant shorter in time to first flatus (WMD — 12.18 h,
95%CI—16.69 to—7.67, p =0.00) and time to first defecation
(WMD —32.93 h, 95%CI —45.36 to —20.50, p =0.00) in
ERAS group compared with TC group, respectively
(Fig. 3a, b). Subgroup analyses of countries and surgery types
showed no significant effect of any trials on heterogeneity.

Complication, Readmission, and Mortality

All included RCTs reported the postoperative complication
rates in patients undergoing laparoscopic colorectal cancer
surgery. Postoperative complications occurred in 114
(17.84%) ERAS patients and 178 (27.01%) TC patients. The
forest plot showed that there is a significant lower

Table 2 Relevant ERAS elements involved in these RCTs

Trials Yer A B C D E F G HTIT J KL MN OP R S T UV W X Y Items
Lee, Taek-Gu 2011 v VvV Y/ v v v v Vv / v v v v v v v 17
van Bree, S.H. 2011 v v v v v v v v 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 15
Veenhof, A A.FA. 2012 v / v v v v v v v v v v 13
Wang, G. 2012 v v / v Vv Vv Vv Vv V/ v v / v v v v 17
Wang, Q. 2011 v v v v v / v / v v v v 13
Lee, S.M. 2013 v vV / v v v v v / v v v Y v v v v 17
Feng, F. 2014 v v v / v v v / v / v v v 14
Mari, G.M. 2014 v v / v Vv v Vv Vv / v v v v / v v 17
Taupyk, Y. 2015 v v v v v v v v v v v 14
Mari, G.M. 2016 v v v v v v Vv v v v v v v 15
Wang, G. 2011 v v / v v v v / v v / v v v v 16
Shetiwy, M. 2017 v v v v Vv v Vv Vv Vv Vv Vv V / v v Vv v 18

The ERAS elements were labeled as A—Y: A, preadmission information, education, and counseling; B, preoperative optimization; C, prehabilitation; D,
preoperative nutritional care; E, management of anemia; F, prevention of nausea and vomiting (PONV); G, preanesthetic medication; H, antimicrobial
prophylaxis and skin preparation; I, bowel preparation; J, preoperative fluid and electrolyte therapy; K, preoperative fasting and carbohydrate loading; L,
standard anesthetic 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

mobilization
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%

WMD (95% Cl) Weight
-1.00 (-1.18, -0.82) 10.66
-1.65 (-2.40, -0.90) 8.84
-0.97 (-1.17, -0.77) 10.62
-1.10 (-2.99, 0.79) 4.47
-1.50 (-1.67, -1.33) 10.68
-0.33 (-0.64, -0.02) 10.39
-1.93 (-2.61, -1.25) 9.13
-2.95 (-4.28, -1.62) 6.35
-3.70 (-4.15, -3.25) 10.01
-2.20 (-3.13, -1.27) 8.04
-2.50 (-3.60, -1.40) 7.32
-8.82 (-11.12, -6.52) 3.49
-2.00 (-2.52, -1.48) 100.00
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Wang,Q.(2011) S
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Overall (I-squared = 95.3%, p = 0.000) O

|
NOTE: Weights are from random effects analysis :

1

I

111 0

Fig. 2 Forest plot for the PHS compared ERAS program with TC

postoperative complication rates in EARS group (RR 0.59,
95%CI 0.40 to 0.86, p < 0.01) compared with TC group, with
high heterogeneity (I* =56.6%) (Fig. 4). A random-effects
model was used due to the high heterogeneity. The 30-day
readmission rates and mortality rates were presented in five
studies. The results indicated no significant differences in 30-
day readmission rates (RR 0.65, 95%C10.35to 1.20, p=0.77)
and mortality rates (RR 0.89, 95%CI 0.34 to 2.38, p=0.61)
between two groups. Both parameters had no heterogeneity
(P =0.00%) and fix-effects models were used.

Inflammatory Response Indicators

Two trials (220 patients) and three trials (290 patients) report-
ed interleukin-6 (IL-6) and C-reactive protein (CRP) levels
after laparoscopic colorectal cancer surgery, respectively. IL-
6 and CRP levels were used as parameters to observe the
degree of inflammation and tissue damage, and the level
may reflect the extent of each surgery and trauma. The results
indicated that ERAS group has lower levels for CRP

@ Springer
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(WMD =-24.72 mg/L, —25.98 mg/L, and —30.34 mg/L on
days 1, 3, and 5 after surgery, respectively) and for IL-6
(WMD =-26.45 pg/L, —24.21 pg/L, and — 18.33 pg/L on
days 1, 3, and 5 after surgery, respectively) compared with
TC group. Due to the heterogeneity (*=0.00%), a fixed-
effects model was applied for the analysis of the IL-6 levels
on postoperative day 3. For the rest analyses, random-effects
models were used. Details are shown in Table 3.

Assessment of Study Quality

The risk of bias in this meta-analysis was evaluated by
using Review Mange 5.3. For such clinical trials, it was
hard to comply with blinding of the surgeons and partici-
pants. The performance bias was considered as high risk in
most included RCTs. All RCTs had a low risk in attrition
bias and reporting bias. The overall risk of bias was de-
fined as moderate to low risk. The risk of bias graph and
summary are presented in Fig. 5.



J Gastrointest Surg (2019) 23:1502-1512 1507

Study %
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1
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Fig. 3 Forest plot for gastrointestinal function recovery outcomes compared ERAS program with TC. a First time to flatus. b First time to defecation
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Study %
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Overall (I-squared = 56.6%, p = 0.006) Q 0.59 (0.40, 0.86) 100.00
|
NOTE: Weights are from random effects analysis E
I I

.0142 1

70.3

Fig. 4 Forest plot for the overall complication rates compared ERAS program with TC

Publication Bias and Sensitivity Analysis

The publication bias about included RCTs was assessed
through Begg’s test, Egger’s test, and Egger’s funnel plot.
The Egger’s funnel plot showed no obvious asymmetry is
revealed for postoperative complications among all trials
(Fig. 6a). The results of Begg’s and Egger’s tests indicated
that there were no significant publication bias in current
meta-analysis (p = 0.86 and p = 0.14, respectively).

The stability of our study was evaluated by using sensitiv-
ity analysis. No individual study had a significant effect
among all studies (Fig. 6b). The results of our study were
stable.

Discussion
Surgery can cause a series of physiological or psychological

stress response, resulting in major trauma to the human body.
Postoperative rehabilitation is related to physiological,

@ Springer

psychological, economic, social, and other factors.>>*® Over
the past two decades, ERAS program and laparoscopic tech-
niques have become two major approaches in accelerating
postoperative recovery and reducing surgical stress response
after colorectal surgery. Many trials have reported short-time
benefits of combining these two approaches in colorectal can-
cer surgery.'®** We conducted this meta-analysis to evaluate
ERAS program versus TC in patients undergoing laparoscop-
ic colorectal cancer surgery. The present study is the largest
meta-analysis to date, involving 13 RCTs, which reported re-
lated parameters about rapid recovery.

In current meta-analysis, we merged all available informa-
tion to assess the efficacy and safety of ERAS program. The
analyses indicated that patients undergoing laparoscopic colo-
rectal cancer surgery in ERAS group significantly shorten the
average length of PHS (2.00 days), duration of first time to
flatus (12.18 h), and duration of first time to defecation
(32.93 h) compared with TC group. In the meantime, the
ERAS group had lower overall complication rates (RR =
0.59) but no obvious differences in readmission and mortality
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Table 3 Inflammatory response

indicators in ERAS program Factors studies, n Patients, n WMD and 95%CI Heterogeneity Statistical
versus TC —_— test model
ERAS TC (2, P bias)
1L-6
PROD 2 110 110 3.00 (—1.25t0 7.24) 72.6%, 0.06 Random
POD 1 2 110 110 —2645(-42.57t0—10.34)  93.2%, 0.00 Random
POD3 2 110 110 —2421(-2731t0—21.10)  0.00%, 0.84 Fixed
POD5 2 110 110 —18.33(=25.00t0o —11.65)  84.7%, 0.01 Random
CRP
PROD 3 141 149 —1.23 (—3.53t0 1.08) 84.3%, 0.00 Random
POD 1 3 141 149  —24.72(=49.64 10 0.19) 98.5%, 0.00 Random
POD3 2 110 110 —25.98 (—47.05to —4.91) 96.4%, 0.00 Random
POD5 2 110 110 —30.34 (=53.96 to —6.72) 96.9%, 0.00 Random

PROD preoperative day, POD postoperative day

rates in comparison with TC group. The ERAS program can  length of PHS and did not increase in readmission rates.
accelerate surgical recovery, but a main problem is that the = Besides, we also found out that ERAS group has lower IL-6
program might cause higher readmission rates. Nevertheless, = and CRP level on postoperative days 1, 3, and 5 than TC
our study revealed that ERAS program shortened the average  group. Inflammatory factors such as IL-6 and CRP can reflect
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Fig. 5 The risk of bias graph and the risk of bias summary
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Egger's publication bias plot
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Fig. 6 Egger’s funnel plot of the publication bias (a). Sensitivity analysis of the overall complication rates (b)

the degree of tissue damage caused by surgery.*' Our results
indicated ERAS program reduced the levels of IL-6 and CRP in
comparison with TC after laparoscopic colorectal cancer sur-
gery, which in accordance with the accelerated recovery pro-
cess. In a word, ERAS program is an effective and safe strategy
for postoperative recovery of the colorectal cancer surgery.

To date, several meta-analyses have been published to eval-
uate the ERAS program in laparoscopic colorectal cancer sur-
gery. In 2013, Li et al.** reported six RCTs of ERAS program
in laparoscopic colorectal cancer surgery. In 2014, Tan et al.**
and Zhao et al.'” assessed four RCTs and 10 studies (included
5 RCTs) of ERAS program in surgery, respectively. Compared
with these meta-analyses, our study has certain advantages.
Firstly, our results are more rigorous and reliable than previous
meta-analyses because we include the latest studies that meet
the inclusion criteria. Secondly, compared with previous stud-
ies, our study include a larger number of RCTs. Thirdly, our
study is the first one to assess inflammatory response indica-
tors (IL-6 and CRP levels) in ERAS patients undergoing lap-
aroscopic colorectal cancer surgery. Fourthly, some RCTs had
low quality in previous meta-analyses. But in our study, we
tried our best to include high-quality studies based on
Cochrane Collaboration’s risk of bias tool.

Significant heterogeneity was observed in some analyses
across the involved studies. Subgroup analyses and sensitivity
analyses were performed to assess the source of heterogeneity.
However, subgroup analyses of countries could not explain the
source of the heterogeneity. The sensitivity analyses showed
that no single trials affected the overall WMDs, and the results
were stable. Hence, the cause of heterogeneity may be due to
various sources, including ERAS elements used, accurate sur-
gical procedures, inclusion criteria, and TC standards which
vary across countries. Meanwhile, to minimize publication bi-
as, we conducted an extensive search strategy. No significant
publication bias was found in this meta-analysis.

@ Springer

Conclusion

In conclusion, the results showed a significant shorter the
average length of PHS, faster to functional recovery, lower
overall postoperative complication rates, and lower IL-6 and
CRP levels in ERAS group versus TC group in patients un-
dergoing laparoscopic colorectal cancer surgery. The ERAS
program is an efficacy and safety strategy and should be rec-
ommended for laparoscopic colorectal cancer surgery.
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