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Enhanced recovery after gastrectomy: -
updated Meta-analysis of 27 randomized trials
(2018-2025)
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Abstract

Background Enhanced recovery after surgery (ERAS) programs are increasingly applied in upper-Gl surgery,
yet evidence in gastrectomy remains evolving with minimally invasive and robotic techniques. We updated the
randomized evidence base to re-estimate effects on recovery, complications, and costs.

Methods We systematically searched PubMed, Embase, Web of Science, and Cochrane CENTRAL (2018-2025) for
parallel-group randomized controlled trials comparing full-pathway ERAS programs versus conventional care in

adult patients undergoing gastrectomy for gastric cancer, in accordance with PRISMA for Abstracts guidance. Length
of stay was the primary endpoint; secondary outcomes included time to gastrointestinal recovery, postoperative
complications, readmission, mortality, and hospital costs. Random-effects meta-analysis was performed, and certainty
of evidence was evaluated using GRADE.

Results Twenty-seven trials (n=3,274 patients) met eligibility criteria. ERAS significantly shortened length of stay
and accelerated gastrointestinal recovery. Overall postoperative complications were numerically lower under ERAS
and became statistically significant in prespecified sensitivity analyses excluding high-risk-of-bias or overlapping trials
(risk ratio [RR] 0.73, 95% Cl 0.56-0.96). Individual complications (pneumonia, surgical-site infection, anastomotic leak)
and 30-day readmission did not show clear evidence of a difference. Mortality was rare in both groups. Certainty of
evidence was generally low to moderate.

Conclusions ERAS in gastrectomy for gastric cancer may accelerate postoperative recovery and reduce costs without
increasing complications or readmission. Standardized protocols and reporting are needed to enhance reliability and
facilitate wider adoption.
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Introduction

Gastric cancer remains a leading global cause of cancer
mortality, with the highest burden in East Asia despite
gradual incidence declines in many regions [1-3].
Against this epidemiologic backdrop, perioperative
strategies that attenuate the surgical stress response and
accelerate convalescence have become central to mod-
ern surgical oncology. Enhanced Recovery After Surgery
(ERAS)—originally proposed as a multimodal, pathway-
based framework—has transformed perioperative care
across specialties by standardizing evidence-based prac-
tices spanning preoperative counseling and nutrition,
opioid-sparing multimodal analgesia, goal-directed fluid
therapy, normothermia, early mobilization, and early oral
intake [4-9]. Procedure-specific adaptation is essential
in upper gastrointestinal surgery because gastrectomy
poses unique physiologic challenges—loss of reservoir
function, altered gastric emptying, risk of anastomotic
failure, and pulmonary vulnerability—that can influence
pathway design and outcomes [10-12].

For gastrectomy, the ERAS® Society issued a dedicated
consensus guideline that graded recommendations on
nasogastric tubes, prophylactic drains, antiemetic and
analgesic strategies, early feeding, mobilization, and dis-
charge criteria [12]. Since then, randomized trials and
systematic reviews in gastric cancer have generally dem-
onstrated shorter length of stay (LOS), faster gastroin-
testinal recovery, and cost reductions with ERAS versus
conventional care, without compromising safety [13-17].
Many earlier randomized trials described their path-
ways as ‘fast-track’ or ‘enhanced recovery’ rather than
ERAS?; in this review we therefore use the term ‘ERAS/
fast-track’ for the intervention concept, while retaining
‘ERAS’ in the title to align with contemporary guideline
terminology. Early oral feeding (EOF)—a cornerstone
ERAS component—appears feasible after gastrectomy
and is associated with earlier return of bowel function
and reduced LOS in randomized evidence and meta-
analyses [18, 19]. In contrast, “traditional” elements such
as routine nasogastric decompression and prophylactic
abdominal drainage have been increasingly questioned:
meta-analyses in abdominal surgery show little benefit or
potential harm from routine nasogastric tubes [20, 21],
and recent high-level evidence in gastrectomy (including
a multicenter randomized trial) has reignited nuanced
debate over selective versus routine drainage [22—-24].

Concurrently, operative techniques have shifted toward
minimally invasive and robotic gastrectomy with onco-
logic equipoise to open surgery and superior short-term
recovery profiles, potentially interacting with ERAS
effects and heterogeneity [25-27]. Our previous RCT-
only meta-analysis of ERAS/fast-track pathways for
gastrectomy, together with other syntheses, supported
benefits on postoperative recovery but highlighted
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variability in pathway fidelity, discharge thresholds,
and outpatient support, with occasional signals around
readmission [13, 14, 16, 17, 28]. In the present work,
we update that review with an extended search window
(to 2025), re-extract all RCTs, and apply contemporary
methods (RoB 2, GRADE) to provide decision-relevant
estimates for clinically meaningful outcomes (time to
flatus/defecation/oral intake/ambulation, LOS, hospital
cost) and key safety endpoints (overall complications,
pneumonia, surgical-site infection, anastomotic leak,
and readmission). Our study prespecifies PRISMA-con-
cordant methods, RoB 2 risk-of-bias assessment, and
GRADE certainty appraisal to deliver decision-relevant
estimates for contemporary gastrectomy care [29-31].

Methods

Search strategy

An a priori protocol specifying eligibility criteria, out-
comes, and analysis plans was finalised before data
extraction; key elements are summarised in the Methods
and the full protocol is provided in the Online Materi-
als. The protocol was not prospectively registered (e.g.,
in PROSPERO), which we recognise as a limitation;
however, all primary analyses were prespecified. We
used a controlled-vocabulary plus free-text strategy.
MeSH headings included “Fast-Track Surgery”’[MeSH],
“Gastrectomy”[MeSH], “Stomach Neoplasms”’[MeSH],
“Randomized Controlled Trial’[Publication Type], and
“Random Allocation”[MeSH]; Emtree terms included
‘fast track surgery’/exp, ‘gastrectomy’/exp, ‘stomach can-
cer’/exp, and ‘randomized controlled trial’/exp. Free-text
covered “enhanced recovery after surgery” (ERAS), fast-
track, gastrectom®, gastric cancer*/stomach neoplasm®,
and random*. The time window was Dec 1, 2018-Aug
4, 2025. We also manually searched Chinese databases
(CNKI, VIP, Wanfang), and hand-searched reference lists
and relevant guidelines; no language limits; conference
abstracts without extractable outcomes were excluded.
Full strategies and yields are provided in the Online
Materials. Trials meeting eligibility but with non-extract-
able outcomes (e.g., graphical-only reporting or lacking
dispersion for conversion) or potential population over-
lap were synthesized narratively only and excluded from
all quantitative pooling. This did not affect the prespeci-
fied primary/secondary meta-analyses. Details are pro-
vided in the Online Materials.

We conducted a randomized controlled trials (RCTs)
— only meta-analysis. We defined ERAS broadly to
include both multi-component ERAS pathways and pro-
tocolized single-component ERAS interventions (“com-
ponent ERAS”). Comparators were conventional care or
pre-ERAS routines. Primary and secondary outcomes
were prespecified. Risk of bias was assessed using RoB
2, and certainty of evidence was rated with GRADE. We
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pre-specified subgroup analyses for the primary endpoint
(length of stay) and key secondary outcomes. Subgroups
included: (1) ERAS pathway type (multimodal/full ERAS
pathway vs. partial/single-component fast-track ele-
ments), (2) surgical approach (open vs. laparoscopic/
robotic), (3) extent of gastrectomy (distal vs. total or
proximal), and (4) geographic region (East Asia vs. other
regions). For each subgroup, we estimated pooled effects
and heterogeneity using the same random-effects frame-
work as in the primary analysis. Leave-one-out sensitivity
analyses were conducted for outcomes with substantial
heterogeneity (I* > 75%), and additional sensitivity analy-
ses excluded high-risk-of-bias or potentially overlapping
trials. The review followed PRISMA 2020 (checklist/flow
diagram) and methodological standards in the Cochrane
Handbook; trial-level bias was assessed with RoB 2, and
certainty of evidence with GRADE [29-31].

Eligibility criteria

Parallel-group randomized controlled trials; adults (=18
y) with gastric neoplasms undergoing distal or total
gastrectomy; ERAS/fast-track pathway versus conven-
tional perioperative care; at least one prespecified end-
point (LOS, time to first flatus/defecation/oral intake/
ambulation, total hospital cost, overall complications,
pneumonia, surgical-site infection, anastomotic leak,
readmission). Exclusions: non-randomized/quasi-ran-
domized designs, non-gastric surgery, palliative bypass
only, abstract-only without extractable data, and overlap-
ping populations.

Information sources and search strategy

We searched PubMed, Embase, Web of Science, and
Cochrane CENTRAL, and manually searched Chinese
databases including CNKI, VIP, and Wanfang; full search
details are provided in the Online Materials.

Study selection and data extraction

ERAS components and reported adherence were
extracted. Where available, we recorded the proportion
of patients in whom > 70% of planned ERAS items were
achieved. Trials were categorised as high versus lower
compliance, and exploratory subgroup analyses by com-
pliance level were performed for LOS and overall com-
plications. For trials reporting medians and interquartile
ranges, we converted to means and standard deviations
using published methods (Wan et al. and Luo et al.), as
detailed in Table S5 (Online Materials). Sensitivity anal-
yses restricted to trials with directly reported mean +
SD were prespecified for LOS and key gastrointestinal
recovery outcomes (first flatus and first defecation) [32,
33]. Where reported, direct hospital costs were con-
verted to 2020 US dollars using purchasing power parity-
adjusted indices and country-specific inflation rates. We
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distinguished studies reporting true costs from those
reporting charges or tariffs, and conducted a sensitivity
analysis restricted to true-cost studies. Given sparse and
heterogeneous reporting, we summarised absolute mean
differences in costs as an exploratory outcome. We cross-
checked trial centers and enrollment windows; when
overlap was suspected, we retained the most compre-
hensive dataset and tested robustness by excluding the
potentially overlapping trial(s).

Risk of bias and certainty assessment

We applied the RoB 2 tool at the outcome level, evalu-
ating randomization, deviations from intended interven-
tions, missing outcome data, outcome measurement, and
selection of the reported result. Domain-level judgments
with concise justifications are provided for each trial and
outcome in Table S3 (Online Materials), and traffic-light
plots are shown in Figure S1. GRADE downgrades for
risk of bias are explicitly tied to these assessments in the
Summary-of-Findings table (Table S1) [29].

Effect measures and synthesis

We used inverse-variance random-effects models for
all meta-analyses. Between-study variance (t*) was esti-
mated using the DerSimonian-Laird method, and 95%
confidence intervals were derived with Hartung—Knapp—
Sidik—Jonkman (HKSJ) adjustment as our primary
approach. Heterogeneity was summarised using 1> and
I?, and for key outcomes (length of stay, time to first oral
intake, time to first flatus, time to first defecation, and
overall complications) we additionally report 95% predic-
tion intervals [34, 35].

Results
We identified 417 records; after removing 28 duplicates,
389 titles/abstracts were screened. 175 full-texts were
assessed and 163 were excluded (reasons detailed in Fig.
1. PRISMA diagram). We finally included 27 RCTs (12
new + 15 retained [17]) totaling 3,315 participants, and
the selection process is shown in Fig. 1 and study charac-
teristics in Table 1. Study characteristics. One new trial
(Tian, 2025) [41] had non-extractable outcomes/potential
overlap and was synthesized narratively without quan-
titative pooling (see Online Materials). These were con-
ducted across East Asia, Europe, and North America,
including both open and laparoscopic gastrectomy.
Continuous outcomes. ERAS significantly shortened
length of hospital (MD - 1.82 days, 95% CI - 2.33 to -
1.30; I* = 84%; Fig. 3A) [40, 42-47] and significantly
accelerated recovery: time to first ambulation (MD - 1.23
days, 95% CI - 1.70 to — 0.77; I> = 88%), time to first def-
ecation (MD - 1.19 days, 95% CI - 1.67 to - 0.71; I* =
75%) [42, 44], and time to first oral intake (MD - 1.79
days, 95% CI - 2.66 to — 0.93; I* = 95%; Fig. 3B-D) [42,



Liu et al. BMC Surgery (2026) 26:26 Page 4 of 16
[ Identification of studies via databases ]
R
5 Records identified from: Records removed before
§ Databases (n = 417, including screening:
& PubMed = 259; The CENTRAL = |———%| Duplicate records removed
e 0; Embase = 45; Web of science (n=28)
[} -
o =113)
N
\ 4
~
Records screened Records excluded based on
- —»| titles/abstracts
(n = 389) (n=214)
o
£
c
8 v
8 I I
ReEc;r;séassessed for eligibility Reports excluded (n = 163):
(n=175) Wrong Study Design (n = 26)
— Certain publication types with no
data (n = 69)
Without appropriate exposure
condition (n = 51)
Without appropriate population
v (n=12)
Not setting appropriate outcomes
(n=5)
]
° Studies included in review
E
] (n=12)
=

Previously included studies
which retained from earlier

Finally included in review
(n=27)

review (n = 15)

Fig. 1 PRISMA 2020 flow diagram. Flow of records, reports, and trials through the review, including reasons for full-text exclusion (non-randomized
design, wrong population or procedure, insufficient extractable data, abstract-only, and overlapping datasets). Details on overlapping populations and

sensitivity analyses are provided in Table S2 (Online Materials)

44]. In addition, time to first flatus was significantly ear-
lier (MD - 0.65 days, 95% CI - 1.07 to — 0.22; I> = 97%;
Fig. 4A). Total hospital cost was significantly reduced
(MD - 1347 USD, 95% CI - 2014 to — 680; I* = 90%; Fig.
4B) [40, 4245, 47].

Dichotomous outcomes. ERAS significantly reduced
overall postoperative complications (RR 0.73, 95% CI
0.56-0.96; 1> = 0%; Fig. 2D) [40, 42-47]. Readmissions
were reported in three RCTs. Pooled absolute risk differ-
ences showed no clear evidence of a difference between
ERAS and conventional care, and confidence inter-
vals were wide. Given the small number of studies, we

did not apply Egger’s test or other formal small-study
assessments. Discharge criteria and follow-up proto-
cols differed between trials (Table S6), further limiting
comparability.

Table 2 summarises the ERAS components included in
the randomized trials and the pooled effects (with het-
erogeneity and statistical models) across primary and
secondary outcomes, aligned with Figs. 2, 3 and 4 Table 3
presents the GRADE certainty-of-evidence assessments
and RoB 2 risk-of-bias judgments by domain and overall
for each outcome.
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A. Anastomotic Leak

Experimental Control
Cao, 2021 2 85 3 86 39.3%
Tian, 2022 (Randomized) . 186 3 184 387%
Wang, 2019 (Impact) 0 30 0 30
Zhang, 2018 1 35 2 35 22.0%
Total (95% ClI) 336 335 100.0%

Total events 5 8
Heterogeneity: Tau? = 0.00; Chi? = 0.05, df = 2 (P = 0.98); I = 0%
Test for overall effect: Z = 0.83 (P = 0.41)
B. Hospital Readmission
Experimental Control
on n o

Cao, 2021 2

86 12.3%

Tian, 2022 (Randomized) 9 186 8 184 80.8%
Xia, 2017 (Lap) 1 73 0 76 69%
Total (95% CI) 344 346 100.0%
Total events 12 9
Heterogeneity: Tau? = 0.00; Chi? = 0.53, df = 2 (P = 0.77), P = 0%
Test for overall effect: Z = 0.59 (P = 0.56)
C. Pulmonary Infection
Experimental Control
10 O 0 L) el old ern d ywvelg
Cao, 2021 4 85 6 86 394%
Tian, 2022 (Randomized) 6 186 10 184 60.6%
Wang, 2019 (Impact) 0 30 0 30
Total (95% CI) 301 300 100.0%
Total events 10 16

Heterogeneity: Tau® = 0.00; Chi* = 0.03,df =1 (P =0.87); P = 0%

Test for overall effect: Z = 1.20 (P = 0.23)
D. Overall Postoperative ComPIications
Experimenta Control

Abdikarim, 2015 (FTS1G vs CC1G)

1 2
Abdikarim, 2015 (FTS2G vs CC2G) 1 64 6 64 1.7%
He, 2010 3 41 7 41 46%
Hu, 2012 (Lap) 3 19 6 22 48%
Hu, 2012 (Open) 3 21 3 20 3.4%
Liu, 2016 (Lap) 3 21 4 21 40%
Liu, 2016 (Open) 5 21 6 21 7.2%
Tian, 2022 (Randomized) 31 186 39 184 41.4%
Wang, 2009 7 46 6 46 7.3%
Wang, 2019 (Impact) 7 30 9 30 10.4%
Xia, 2017 (Lap) 1 73 1 76 1.0%
Xing, 2017 0 30 2 30 08%
Zhang, 2018 4 35 8 3% 6.1%
Zhao, 2018 5 54 6 52 59%
Total (95% CI) 671 673 100.0%
Total events 74 105
Heterogeneity: Tau® = 0.00; Chi* = 5.28, df = 13 (P = 0.97), F = 0%
Test for overall effect: Z=2.25 (P =0.02)

E. Surgical Site Infection

Experimental

Control
n ota g

Cao, 2021 86

0 85 1
Tian, 2022 (Randomized) 2 186 2 184 30.8%
Wang, 2019 (Impact) 1 30 2 30 21.2%
Xia, 2017 (Lap) 1 73 1 76  15.4%
Zhang, 2018 1 35 2 3% 21.1%
Total (95% ClI) 409 411 100.0%

Total events 5 8
Heterogeneity: Tau? = 0.00; Chi* = 0.55, df =4 (P = 0.97); ? = 0%
Test for overall effect: Z = 0.75 (P = 0.45)
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Risk Ratio Risk Ratio
0, s om 95% Cl
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Risk Ratio Ri

.
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Random. 957% ndom, 9
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3.12[0.13, 75.42)

-

1.29 [0.56, 2.97]
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Favours [experimental] Favours [control]

0.1

Risk Ratio
Random, 95%
0.67 [0.20, 2.31) bl
0.59 [0.22, 1.60]
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Risk Ratio
Random.95%Cl

~a

e ——

0.62 [0.29, 1.35]

05 1 2 5
Favours [experimental] Favours [control]

02

Risk Ratio
M-H., Random, 95%
0.52 [0.05, 5.40]
0.17 [0.02, 1.35)
0.43 [0.12, 1.54]
0.58 [0.17, 2.01]
0.95[0.22,4.18)
0.75[0.19, 2.95)
0.83[0.30, 2.31]
0.79[0.51, 1.20)
1.17 [0.42, 3.21)
0.78[0.33, 1.82]
1.04 [0.07, 16.34)
0.20 [0.01, 4.00)
0.50 [0.17, 1.51)
0.80 [0.26, 2.47)

Risk Ratio

L

HHH

|

0” 1
|

0.73 [0.56, 0.96]
0.01 0.1
Favours [experimental]

10
Favours [control]

-

100

Risk Ratio

M-H. Random

0.99[0.14, 6.95]
0.50 [0.05, 5.22)
1.04 [0.07, 16.34]
0.50 [0.05, 5.27]

0.66 [0.22, 1.95]

0.01 0.1 1

Favours [experimental]

10
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100

Fig. 2 Forest plot. Notes: Panels: (A) Anastomotic leak; (B) Hospital readmission; (C) Pulmonary infection (pneumonia); (D) Overall postoperative compli-
cations; (E) Surgical-site infection. Squares =study-specific effects (size proportional to inverse-variance weight); horizontal lines=95% Cl; center vertical
line=null (RR=1). Diamond = pooled effect (center=summary RR; width =95% Cl). Model: Mantel-Haenszel random-effects. I> quantifies heterogeneity;
is between-study variance. Axes are on a log scale.Favours experimental/control’indicates direction (RR< 1 favours ERAS)
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A. Length of Hospital

Experimental Control Mean Difference Mean Difference

StudyorSubgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95%Cl

1.1.1 Open

Bu, 2015 (FTS-1) 65 1.7 64 103 2 64 8.6%  -3.80[-4.44,-3.16] .

Bu, 2015 (FTS-2) 10 23 64 108 25 64  7.9% -0.80 [-1.63, 0.03] _—

He, 2010 94 33 41 124 36 41 54%  -3.00[-4.49, -1.51) I E—

Hu, 2012 (Open) 75 125 21 875 1.75 20 75% -1.25[-2.18,-0.32) T

Liu, 2016 (Open) 96 2 21 105 21 21 6.3% -0.90 [-2.14, 0.34) e n

Wang, 2009 6 05 46 8 065 46 97%  -2.00(-2.24,-1.76) i

Xing, 2017 887 18 30 947 152 30 7.8% -0.60 [-1.44, 0.24] N

Subtotal (95% CI) 287 286 53.1%  -1.77 [-2.60, -0.93) -

Heterogeneity: Tau? = 1.05; Chi* = 55.85, df = 6 (P < 0.00001); ¥ = 89%

Test for overall effect: Z = 4.14 (P < 0.0001)

1.1.2 Lap

Hu, 2012 (Lap) 7 113 19 75 125 22 B8.3% -0.50 [-1.23, 0.23) il

Liu, 2016 (Lap) 63 15 21 78 18 21 7.2%  -1.50[-2.50, -0.50] —_——

Tian, 2022 (Randomized) 727 183 186 885 218 184 93%  -1.58[-1.99,-1.17) i

Xia, 2017 (Lap) 6.38 2.04 73 862 287 76 B80% -2.24[-3.04,-144) o

Zhang, 2018 1139 2.36 35 1514 271 3 65% -3.75(4.94,-256) — -

Zhao, 2018 59 56 54 81 53 52 38% -220[-4.28,-0.12) — =

Subtotal (95% Cl) 388 390 43.0%  -1.86 [-2.63, -1.09) -

Heterogeneity: Tau? = 0.66; Chi* = 24,08, df = 5 (P = 0.0002); I* = 79%

Test for overall effect: Z = 4.75 (P < 0.00001)

1.1.3 Both

Wang, 2019 (Impact) 8.89 3.27 30 10.76 4.58 30 39% -1.87 [-3.88, 0.14] T

Subtotal (95% CI) 30 30  39%  -1.87 [-3.88, 0.14] e

Heterogeneity: Not applicable

Test for overall effect: Z = 1.82 (P = 0.07)

Total (95% Cl) 705 706 100.0%  -1.82[-2.33, -1.30] S g

Heterogeneity: Tau? = 0.69; Chi” = 83.58, df = 13 (P < 0.00001); I* = 84% g : '3 3 A

Test for overall effect: Z = 6.96 (P < 0.00001)
Test for subarouo differences: Chi* = 0.03. df = 2 (P = 0.99), P = 0%

B. Time to First Ambulation

Favours [experimental] Favours [control]

+

Experimental Control Mean Difference Mean Difference
StudyorSubgroup ~ Mean SD Total Mean SD Total Weight IV, Random, 95% Cl V.
Tian, 2022 (Randomized) 138 058 186 285 142 184 500%  -1.47[-1.69,-1.25] —
Wang, 2009 2 05 46 3 058 46 50.0%  -1.00(-1.22,-0.78) o
Total (95% CI) 232 230 100.0%  -1.23 [-1.70, -0.77] i
K 0 1 2

Heterogeneity: Tau® = 0.10; Chi* = 8.66, df = 1 (P = 0.003); I* = 88%
Test for overall effect: Z = 5.26 (P < 0.00001)

C. Time to First Defecation

-2
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
_StudyorSubgroup ~~~ Mean SD Total Mean SD Total Weight V. Random, 95% Cl IV.R %
Tian, 2022 (Randomized) 337 128 186 437 1.71 184 437%  -1.00[-1.31,-0.69] el
Wang, 2009 3 058 46 4 058 46 47.2%  -1.00[-1.24,-0.76) =
Zhao, 2018 32 21 54 63 49 52 91%  -3.10[-4.54, -1.66]
Total (95% CI) 286 282 100.0%  -1.19 [-1.67, -0.71] >
Heterogeneity: Tau® = 0.11; Chi* = 7.98, df = 2 (P = 0.02); I* = 75% _; 2 ] 2 i

Test for overall effect: Z = 4,88 (P < 0.00001)
D. Time to First Oral Intake

Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
StudyorSubgroup ~~ Mean SD Total Mean SD Total Weight IV, Random. 95% Cl V. V.
Tian, 2022 (Randomized) 113 051 186 3.09 1.14 184 40.7%  -1.96[-2.14,-1.78) =
Wang, 2009 3 058 46 4 058 46 40.1%  -1.00(-1.24,-0.76) -
Zhao, 2018 32 21 54 63 49 52 19.2%  -3.10(4.54,-166) — =
Total (95% CI) 286 282 100.0%  -1.79 [-2.66, -0.93] i
Heterogeneity: Tau? = 0.47; Chi* = 43.97, df = 2 (P < 0.00001); I* = 95% 3 = 2 3 %

Test for overall effect: Z = 4.07 (P < 0.0001)

Favours [experimental] Favours [control]

Fig. 3 Forest plot. Notes: Panels: (A) Length of hospital stay (with subgroups by surgical approach: open, laparoscopic, mixed); (B) Time to first ambula-
tion; (C) Time to first defecation; (D) Time to first oral intake. Mean Difference (MD) with inverse-variance random-effects (IV, Random). Null line at MD=0.
Negative MD indicates shorter time/LOS in ERAS (i.e, benefit). If subgroups are shown, diamonds per subgroup plus an overall diamond; ‘Test for sub-

group differences’ reports the y? and P-value
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A. Time to First Flatus

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bu, 2015 (FTS-1) 31 07 64 36 08 64 98% -0.50[-0.76,-0.24] =

Bu, 2015 (FTS-2) 35 1 64 38 12 64 94%  -0.30[-0.68,0.08] —

He, 2010 17 05 41 17 05 41 99% 0.00 [-0.22, 0.22) =

Hu, 2012 (Lap) 11 02 19 11 02 22 100% 0.00 [-0.12, 0.12) T

Hu, 2012 (Open) 17 05 21 17 05 20 96% 0.00 [-0.31, 0.31] ~

Liu, 2016 (Lap) 2 12 21 31 1 21 81% -1.10[1.77,-0.43) —

Liu, 2016 (Open) 3.1 1 21 36 09 21 86%  -0.50[-1.08,0.08) —=

Tian, 2022 (Randomized)  2.52 0.83 186 3.37 128 184 99%  -0.85[-1.07,-0.63] -

Wang, 2009 2 05 46 4 058 46 9.9%  -2.00[-2.22,-1.78) ==

Zhang, 2018 213 046 35 28 042 35 99%  -0.67[-0.88,-0.46) =

Zhao, 2018 27 2 54 45 46 52 50% -1.80[-3.16,-044) ————————

Total (95% Cl) 572 570 100.0%  -0.65 [-1.07, -0.22] -
Heterogeneity: Tau® = 0.47; Chi? = 290.06, df = 10 (P < 0.00001); I = 97% 2 1 3 1 2

Test for overall effect: Z = 2.97 (P = 0.003)

B. Total Hospital Cost

Experimental Control

StudyorSubgroup __Mean _ SD Total Mean  SD Total Weight IV, Random, 95% Cl
-6400.00 [-8313.48, -4486.52) *
-400.00 [-2478.86, 1678.86]

Bu, 2015 (FTS-1) 33,500 5,000 64 39,900 6,000 64  8.3%
Bu, 2015 (FTS-2) 42,100 6,000 64 42,500 6,000 64 7.4%
Tian, 2022 (Randomized) 6328 925 186 6826 1,174 184 255%
Wang, 2009 4080 500 46 4650 600 46 254%
Xing, 2017 27,596 3,000 30 28,972 3,000 30 11.1%
Zhang, 2018 5101 1,143 35 6,723 1,204 35 222%
Total (95% CI) 425 423 100.0%

Heterogeneity: Tau? = 442807.20; Chi® = 50.01, df = 5 (P < 0.00001); ¥ = 90%
Test for overall effect: Z = 3.96 (P < 0.0001)

-1376.00 [-2894.18, 142.18] *
-1622.00 [-2172.00, -1072.00) *

-1347.09 [-2014.60, -679.58] We——

Favours [experimental] Favours [control]

Mean Difference

IV. Random, 95% Cl

Mean Difference

-498.00 [-713.51, -282 .49)
-570.00 [-795.70, -344.30)

41000 -500 0 500 1000
Favours [experimental] Favours [control]

Fig. 4 Forest plot. Notes: Panels: (A) Time to first flatus (MD, IV Random); (B) Total hospital cost (MD, IV Random). Units — time in days; cost in USD unless
otherwise stated. Clarify price year and exchange/PPP method in Methods. High heterogeneity (”>75%) should be addressed via subgroup/sensitivity

analyses

decreased in parallel with shorter LOS and faster mobi-
lization, underscoring the pragmatic value of ERAS for
high-volume oncologic units [36].

Our results reinforce the directionality of pre-2020
RCT-only and mixed-design meta-analyses, which
reported shorter LOS, earlier bowel recovery, and similar
complication rates under ERAS [13, 17]. Compared with
those earlier syntheses, the present work incorporates
newer trials in which pathway components are more
consistently standardized and audited. Early oral feed-
ing (EOF) has transitioned from a cautious concept to a
codified element; opioid-sparing multimodal analgesia,
structured postoperative nausea and vomiting (PONYV)
prophylaxis, goal-directed fluid therapy (GDFT), and
tube/drain minimization are now embedded rather
than optional [12, 17-24, 37, 38, 48-50]. These process
upgrades plausibly explain the stability of effect estimates
for return-of-function endpoints despite heterogeneity in
surgical approach and institutional discharge norms (Fig.
3A - D). Equally germane is the maturation of minimally
invasive and robotic gastrectomy. Randomized trials and
high-quality syntheses have shown oncologic equipoise
between minimally invasive and open approaches, with
improved short-term recovery for the former [25-27]. In
such a milieu, one might anticipate diminishing marginal
returns from ERAS. Yet our results indicate sustained

benefit, implying that ERAS and minimally invasive sur-
gery are complementary: ERAS optimizes the physiologic
milieu (analgesia, fluids, glycemic control, mobilization,
feeding), while minimally invasive surgery reduces tissue
trauma and inflammatory burden—together producing
additive recovery gains. This complementarity is congru-
ent with broader surgery-wide evidence linking higher
ERAS compliance to shorter LOS without a readmission
penalty [51].

In exploratory subgroup analyses, the direction of
ERAS benefit on length of stay and overall complica-
tions was broadly consistent across distal versus total
gastrectomy and across open versus minimally invasive
approaches, although these analyses were underpowered
and should be interpreted cautiously.

A recurring concern is whether earlier discharge under
ERAS trades inpatient days for unplanned returns. Earlier
mixed-design reviews offered inconsistent signals, often
confounded by selection and institutional policies [36].
In our RCT-only update, readmissions did not increase
(Fig. 3]). Plausible reasons include standardized, objec-
tive discharge criteria (pain controlled on oral agents,
afebrile, predetermined ambulation targets, tolerance
of oral intake, evidence of bowel function) and struc-
tured post-discharge contact (phone calls within 48-72
h, early clinic review), which mitigate avoidable returns.
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Table 3 GRADE certainty of evidence summary table for meta-analysis (ERAS vs. Conventional care)

Neof  Risk of Inconsistency Indirectness Imprecision Publication N2 of Ne of Effect (95% Cl) Overall
study bias bias patients patients certainty of
ERAS Standard evidence
Length of Hospital Stay
14 notserious serious? not serious not serious suspected® 705 706 MD OO
-1.82(-233t0-130) LOW
Hospital Costs
6 not serious  serious? serious® not serious not detected 425 423 MD GBGBOO
—1347 (-2015to —680) LOW
Time to First Flatus
11 not serious  serious? not serious not serious not detected 572 570 MD GBGBGBO
—0.65 (-1.07t0—-0.22) MODERATE
Time to First Defecation
3 not serious  serious? not serious not serious not detected 286 282 MD GBEBGBO
-1.19(-1.67t0—-0.71) MODERATE
Time to First Oral Intake
2 not serious  serious? not serious serious® not detected 232 230 MD eBEBOO
-1.79(-266t0-093) LOW
Rate of Complication
14 not serious not serious not serious serious® not detected 671 673 RR GBEBEBQ
0.73 (0.59 t0 0.96) MODERATE
Pulmonary Infection
2 not serious not serious not serious serious® not detected 331 330 RR EBEBQO
0.62 (0.29to 1.35) LOW
Surgical Site Infection
5 not serious  not serious not serious serious® not detected 409 411 RR OO
0.66 (0.22 to 1.95) LOW
Anastomotic Leak
4 not serious  not serious not serious serious® not detected 336 335 RR OO
0.63(0.21 t0 1.89) LOW
Hospital Readmission
3 not serious  not serious not serious serious® not detected 344 346 RR L1Ol0)
1.29 (0.56 t0 2.97) LOW
Time to First Ambulation
2 not serious  serious? not serious serious® not detected 232 230 MD L1Ol0)
-123(-1.70t0 -0.77) LOW

1. Inconsistency: high heterogeneity (I* > 75%) and clinical diversity (open vs. laparoscopic, ERAS pathway composition, procedures/reconstructions)

2.%Indirectness: costs reported in different currencies/years; some studies converted median (IQR) to mean+SD

3. ¢Imprecision: small number of studies for some outcomes

4.4 Publication bias: suspected for LOS based on small-study effects in prior literature; downgraded one level

Lower surgical stress under minimally invasive platforms
likely reduces post-acute symptom burden and health-
care utilization [25-27]. Where single-center studies or
mixed-design meta-analyses report higher readmission,
the confidence intervals typically cross unity and the
signal attenuates when pathway adherence and outpa-
tient infrastructure are accounted for [36, 51]. Therefore,
the core implication is not that ERAS inherently alters
readmission risk, but that how ERAS is implemented,
especially discharge thresholds and follow-up logistics,
modulates this outcome.

Absolute event counts for anastomotic leak, surgical-
site infection, and pneumonia are reported in Table 3.
Fragility indices for anastomotic leak and pneumonia

were small but indicated that several events would need
to change status to overturn statistical neutrality. These
findings, together with wide confidence intervals, high-
light limited power for rare safety outcomes.

Routine nasogastric decompression and prophylactic
drainage after gastrectomy illustrate the ERAS principle
of selective rather than routine use. Meta-analyses across
abdominal procedures and procedure-specific random-
ized evidence undermine the rationale for default naso-
gastric tubes and routine drains, whereas risk-stratified
policies (e.g., based on intraoperative complexity, recon-
struction type, or anastomotic quality) strike a balance
between surveillance and harm minimization [20-24].
As robotics enables more complex reconstructions with
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Outcome Type k  Egger SE(BO) t-stat df  P-value k=107 Interpretation
intercept
(Bo)

Length of hospital stay (days) Continuous 14 0918 1337 0.687 12 0.505 Yes No small-study effects (P>0.05)

Time to first flatus (days) Continuous 11 =2.799 3.500 —-0.800 9 0.444 Yes No small-study effects (P> 0.05)

Overall postoperative Dichotomous 14 —0.270 0461 —-0.586 12 0568 Yes No small-study effects (P>0.05)

complications

Total hospital cost Continuous 6 —2.952 1472 -2005 4 0.115 No Underpowered (k< 10); interpret
cautiously

Surgical site infection Dichotomous 5  —-0.712 0610 -1.167 3 0.327 No Underpowered (k< 10); interpret
cautiously

Anastomotic leak Dichotomous 3 —0421 0.024 -17203 1 0.037 No Underpowered (k< 10); interpret
cautiously; P<0.05

Hospital readmission Dichotomous 3 0374 0.021 17.718 1 0.036 No Underpowered (k< 10); interpret
cautiously; P<0.05

Time to first defecation (days) ~ Continuous 3 0658 1.147 0.574 1 0.668 No Underpowered (k< 10); interpret
cautiously

Time to first oral intake (days) Continuous 3 0233 2.992 0.078 1 0.951 No Underpowered (k< 10); interpret
cautiously

Time to first ambulation (days) ~ Continuous 2 NA NA NA NA NA No Not computed (k< 3)

Pulmonary infection Dichotomous 2 NA NA NA NA NA No Not computed (k< 3)

Egger regression assesses small-study effects. It requires at least three studies (df=k—2); when k<3, the test is not computable (NA). For 3<k< 10, the test is

underpowered and results should be interpreted cautiously

stable anastomotic quality, such protocols can be refined
prospectively, ideally with reporting of indications, dura-
tion, and criteria for early removal.

We pre-specified subgroup analyses for the primary
endpoint (length of stay) and key secondary outcomes.
Subgroups included: (1) ERAS pathway type (multi-
modal/full ERAS pathway vs. partial/single-component
fast-track elements), (2) surgical approach (open vs.
laparoscopic/robotic), (3) extent of gastrectomy (distal
vs. total or proximal), and (4) geographic region (East
Asia vs. other regions). For each subgroup, we estimated
pooled effects and I? using the same DerSimonian—Laird
random-effects model with HKS]J adjustment. Leave-one-
out sensitivity analyses were conducted for outcomes
with substantial heterogeneity (1>>75%) [34, 35].

For centers performing gastrectomy, the practical mes-
sage is to continue implementing ERAS as routine peri-
operative care with vigilant attention to compliance.
Operationally, we recommend: (1) prioritizing early oral
feeding, early mobilization, and opioid-sparing multi-
modal analgesia as non-negotiable drivers of recovery
(Fig. 3A and D) [12, 17-19, 37, 48, 52]; (2) embedding
structured PONV prophylaxis and goal-directed fluid
therapy to facilitate milestones without safety trade-offs
[48, 53, 54]; (3) using tubes and drains selectively with
explicit criteria for early removal, avoiding routine naso-
gastric decompression and prophylactic drainage in
uncomplicated cases [20-24]; (4) defining quantifiable
discharge thresholds and coupling them with 48-72-
hour phone calls and early clinic review to stabilize

readmissions while enabling earlier discharge, and our
neutral readmission signal (RR 1.29, 95% CI 0.56-2.97)
is consistent with findings from recent large-scale audits/
registries of high-volume ERAS programs, which like-
wise report no excess readmissions when standardized
discharge criteria and early post-discharge contact are
implemented [17, 51]; and (5) auditing pathway adher-
ence alongside outcomes, given the consistent associa-
tion between compliance and shorter LOS across surgical
domains [36, 51].

Beyond intra-hospital care, structured prehabilitation
and nutritional optimisation are increasingly recognised
as integral components of perioperative management
for gastrointestinal cancer surgery. Recent narrative
data suggest that multimodal programmes combining
exercise training, nutritional support, and psychologi-
cal preparation can improve functional capacity and may
reduce postoperative complications and length of stay in
selected populations [55]. However, only a minority of
gastrectomy ERAS/fast-track RCTs in our meta-analysis
reported implementing such formal prehabilitation pro-
grammes, and perioperative nutritional assessment was
inconsistently described. Large survey studies in surgi-
cal oncology highlight substantial variation and under-
use of nutritional assessment and structured nutritional
care across centres and countries [56, 57]. Together, these
gaps likely attenuate the observed treatment effect of
ERAS and contribute to between-trial heterogeneity, and
they represent important targets for standardisation in
future trials.
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Strengths of this work include the exclusive focus on
randomized trials, a time window extended to 2025,
comprehensive coverage of recovery, safety, and cost,
and rigorous adherence to PRISMA, RoB 2, and GRADE
methods with explicit cross-referencing to your forest
and funnel plots. Aligning the prose with your figures
and supplementary tables minimizes transcription errors
and improves transparency. Limitations arise from het-
erogeneity in ERAS content and discharge policies; the
impracticability of blinding; low event rates for some
safety endpoints (limiting precision for differences in
SSI or leak); regional clustering; and non-standardized
cost reporting that mixes charges, costs, and reimburse-
ments, complicating cross-system comparison even
when directionality is consistent. We therefore caution
that, although the direction of effect is consistent, the
magnitude of benefit may vary across settings. Although
small-study assessment identified asymmetry for some
continuous outcomes, the direction of effect was robust
and sensitivity analyses supported the credibility of the
main findings.

Future randomized trials should adopt core out-
come sets that include patient-reported recovery (e.g.,
QoR-15) and days at home; prespecify discharge criteria
and post-discharge contact schedules to clarify readmis-
sion dynamics; stratify by operative platform (includ-
ing robotics) and reconstruction; prospectively measure
ERAS adherence to enable dose—response analyses; and
use standardized economic frameworks for resource use
and cost [25, 48—51, 58-60]. These steps will better dis-
tinguish pathway effects from context effects and guide
scalable implementation across diverse systems.

Conclusion

Contemporary randomized evidence in gastrectomy
shows that ERAS consistently shortens LOS, accelerates
functional recovery, and lowers costs, without evidence
of increased major surgical complications. Readmis-
sion risk merits continued surveillance but is generally
manageable particularly where discharge criteria and
post-discharge pathways are explicit. Where resources
allowed, ERAS should be adopted as routine periopera-
tive care for gastrectomy, with ongoing audit of protocol
adherence, safety indicators (including readmission), and
patient-reported recovery. As minimally invasive and
robotic techniques continue to diffuse, sustained ERAS
deployment should prioritize fidelity to key elements,
structured outpatient support, and standardized QoR-
15—anchored outcomes. Future trials ought to report
compliance, discharge and follow-up protocols, and test
scalable, implementation-focused strategies that enable
wider uptake in the robotic era [12, 17-26, 30, 36, 37, 52].
ERAS should be routinely implemented where resources
allow, with ongoing auditing of safety and adherence.
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