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Effect of ERAS pathway nursing

on postoperative rehabilitation of patients
undergoing gastrointestinal surgery: a meta-
analysis
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Abstract

Background This study aimed to systematically evaluate the impact of the Enhanced Recovery After Surgery (ERAS)
pathway on postoperative outcomes—including hospital length of stay, complication rates, readmission, reoperation,
and mortality—in patients undergoing gastrointestinal surgery, to provide evidence-based guidance for clinical
practice.

Methods We systematically searched PubMed, Cochrane Library, Embase, Web of Science and Scopus databases

for randomized controlled trials (RCTs) and cohort studies on ERAS pathway in postoperative rehabilitation. Thirteen
studies comprising a total of 5,603 patients were included. Literature screening and quality assessment followed

the standards of Cochrane Collaboration and Newcastle-Ottawa scales. Statistical analysis was performed using R
software to calculate the relative risk (RR), mean difference (MD) with 95% confidence interval (Cl), and heterogeneity
through the I statistic, with significance set at P< 0.05. This systematic review and meta-analysis has been registered
in the PROSPERO database (ID: CRD42024608876).

Results The ERAS pathway significantly shortened the postoperative hospital stay (MD =-3.16, 95% Cl [-4.10, -2.21],
P<0.01) and reduced the incidence of postoperative complications (RR=0.70, 95% Cl [0.58, 0.84], P<0.01). It also
significantly reduced the readmission rates (RR=0.75, 95% CI [0.58, 0.96], P=0.02). However, there was no statistically
significant difference in the impact of ERAS pathway on reoperation rate and mortality (RR=0.59, 95% CI [0.01, 30.14],
P=0.62).

Conclusions ERAS protocols are associated with improved postoperative recovery in gastrointestinal surgery,
including shorter hospital stays and reduced complication and readmission rates. Although no significant effects were
found for reoperation or mortality, the overall evidence supports the broader clinical adoption of ERAS, with a need
for further high-quality studies to address remaining uncertainties.
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Introduction

Enhanced recovery after surgery (ERAS) is a multidisci-
plinary postoperative care strategy aimed at promoting
rapid recovery by optimizing perioperative management
measures [1, 2], including anesthesia, surgical tech-
niques, nutritional management, and pain control [3, 4].
ERAS reduces postoperative stress and complications by
reducing preoperative preparation, optimizing anesthetic
drugs, and encouraging early postoperative activities and
dietary recovery [5].

Gastrointestinal (GI) surgeries, such as colorectal and
gastric resections, are associated with substantial peri-
operative risk. In high-risk populations, complication
rates can reach up to 80%, and perioperative mortality
may be as high as 20% [6]. These adverse outcomes con-
tribute to extended hospitalizations, increased readmis-
sion rates, and considerable strain on healthcare systems.
ERAS protocols have been widely adopted in elective
colorectal and upper GI surgeries and have demonstrated
benefits in reducing postoperative complications and
hospitalization duration [7, 8]. However, findings remain
inconsistent across surgical types and patient popula-
tions. For instance, a meta-analysis reported that while
ERAS effectively reduced complication rates in obstruc-
tive colorectal cancer surgery, its impact on readmissions
and reoperations was limited [9]. Similarly, Huang et al.
[10]and Catarci et al. [11] found significant variability in
ERAS implementation and outcomes, partly due to dif-
ferences in protocol adherence and study populations.

Despite growing evidence, most existing reviews have
focused on specific surgical contexts (e.g., colorectal or
gastric surgery) or elective procedures, and lack com-
prehensive coverage of the broader spectrum of gastro-
intestinal surgeries, including emergency operations
[12-15]. Additionally, prior analyses often included a
limited number of studies or did not assess outcomes
such as reoperation or mortality in detail [10, 16-18].
Therefore, there remains a clear gap in the literature: a
need for an up-to-date, large-scale meta-analysis evalu-
ating the effectiveness of ERAS protocols across diverse
gastrointestinal procedures.

This study addresses that gap by systematically evalu-
ating the impact of ERAS on postoperative recovery in
patients undergoing gastrointestinal surgery. Following
a structured PICO framework, the Population includes
adult patients undergoing GI surgery; the Intervention
consists of perioperative care based on ERAS protocols;
the Comparator is conventional postoperative manage-
ment; and the Outcomes include hospital length of stay,
postoperative complications, readmission rates, reopera-
tion, and mortality. By synthesizing findings across both
elective and emergency surgeries, this review aims to
clarify the overall clinical value and limitations of ERAS
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and provide evidence-based guidance for postoperative
care in gastrointestinal surgery.

Methods
This systematic review and meta-analysis was conducted
in accordance with the PRISMA 2020 (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses)
guidelines.

Literature search

This study systematically searched PubMed, Cochrane
Library, Embase, Web of Science, and Scopus databases
to collect randomized controlled trials (RCTs), clinical
controlled trials, and cohort studies on the ERAS path-
way in postoperative rehabilitation of patients undergo-
ing gastrointestinal surgery. The search time range was
from the establishment of the database to October 2024,
and the language limit was English. The search keywords
used a combination of subject terms (MeSH) and free
words.

The main search terms are as follows: “Enhanced
Recovery After Surgery’, “ERAS’, “Fast-track surgery” and
“Accelerated recovery’, “Gastrointestinal surgery’, “Diges-
tive surgery’, “Gastrointestinal tract surgery’, “Colorectal
surgery’, “Gastric surgery’, “Bowel resection’, “Intestinal
surgery’, “Stomach surgery’, “Colorectal cancer surgery”
and “Abdominal surgery’, “Postoperative recovery’, “Sur-
gical surgery” recovery’, “Post-surgical outcomes’, “Post-
operative outcomes’; “Recovery of function’, “Recovery
time” and “Postoperative care”.

The search strategy was based on a combination
of Boolean logical operators (AND, OR), such as:
“Enhanced Recovery After Surgery” OR “ERAS” AND
“Gastrointestinal surgery” OR “Colorectal surgery” AND
“Postoperative recovery” OR “Post-surgical outcomes”
AND “Randomized controlled trial” OR “Cohort study”
The detailed search strategy for each database was pro-
vided in Supplementary Table S1.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Population:
Adult patients (aged>=18 years) undergoing gastroin-
testinal surgery, including but not limited to patients
undergoing surgery for digestive system diseases such as
gastric cancer and colorectal cancer; (2) Study Design:
Randomized controlled trial (RCT), clinical controlled
trials, or cohort studies; (3) Intervention: Implemen-
tation of the enhanced recovery after surgery (ERAS)
protocol as the primary perioperative nursing or care
intervention. To ensure consistency, the ERAS protocol
was required to include at least the following core com-
ponents: preoperative counseling, optimized anesthesia,
early oral nutrition, multimodal pain management, and
early mobilization; (4) Comparator: Conventional or
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standard postoperative care without a structured ERAS
protocol; (5) Outcomes: At least one outcome indicator
related to postoperative rehabilitation, such as length of
stay, incidence of postoperative complications, reopera-
tion rate, readmission rate, or mortality; (5) Language
and Availability: Full-text articles published in English
with accessible and extractable data.

Exclusion criteria were as follows: (1) studies on non-
gastrointestinal surgery, or studies on which the type
of surgery was unclear or could not be distinguished;
(2) studies in which the intervention measures did not
clearly comply with the principles of the ERAS pathway;
(3) studies with non-original data such as single-group
studies, case reports, review articles, commentary arti-
cles, conference abstracts, etc.; (4) studies that did not
provide the primary outcome measures or had incom-
plete result data and could not be subjected to meta-
analysis; (5) studies that were repeatedly published. If the
same study was published multiple times, only the high-
est quality or latest version was included; and (6) studies
with a small sample size (e.g., a sample size of less than
20 cases), serious data bias, or studies that could not be
evaluated. Serious data bias refers to significant discrep-
ancies or errors in the data, such as incomplete outcome
reporting, selective reporting of results, or missing data
that could substantially affect the validity of the study’s
conclusions.

Data extraction and quality assessment

Two independent reviewers extracted data and assessed
study quality based on pre-defined criteria. Any discrep-
ancies were resolved by discussion or adjudication by a
third reviewer. The data extraction included the follow-
ing aspects: (1) Study information: the first author of the
study, the year of publication, and the country or region
where the study was located; (2) Research subjects: basic
characteristics of the patients (age, gender, comorbidi-
ties); (3) intervention and control group details (number
of participants, type of surgery, ERAS protocol specif-
ics); (4) outcome measures (length of stay, complications,
readmission rate, reoperation rate, mortality).

For RCTs, the Cochrane Risk of Bias 2.0 tool was used
to evaluate five domains: randomization process, devia-
tions from intended interventions, missing outcome data,
outcome measurement, and selection of reported results.
Each domain was rated as “low risk’, “some concerns’, or
“high risk” [19].

For cohort studies, the Newcastle-Ottawa Scale (NOS)
was used, which assesses quality across three domains:
selection (0—4 points), comparability (0-2 points), and
outcome assessment (0—3 points), with a maximum score
of 9. Studies scoring>7 points were considered high
quality.
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Inter-rater reliability between the two reviewers was
measured using Cohen’s kappa coefficient, yielding a
value of kK=0.84, indicating strong agreement.

Statistical analysis

All statistical analyses were conducted using R software
(version 4.2.2). For dichotomous variables (such as post-
operative complication rate), relative risk (RR) and 95%
confidence intervals (CI) were calculated. For continuous
variables (such as length of stay), mean difference (MD)
and 95%CI were used.

Heterogeneity among studies was assessed using the I?
statistic and Cochran’s Q test. When I* > 50%, indicating
substantial heterogeneity, a random-effect model (DerSi-
monian and Laird method) was applied. For I*> < 50%, a
fixed-effect model (Mantel-Haenszel method) was used,
assuming minimal heterogeneity.

Publication bias was evaluated using Egger’s test, with
p-value <0.05 indicating potential bias. Funnel plots were
also visually inspected for asymmetry. Sensitivity analysis
was performed by sequentially removing each individual
study to evaluate the robustness of the pooled estimates.
All statistical tests were two-sided, and P<0.05 was con-
sidered statistically significant.

Results

Literature screening results

A total of 2586 articles were obtained in the initial search,
and 2243 articles remained after deduplication. After
screening based on the title and abstract, 1985 irrelevant
articles were excluded. After further reading of the full
text, 245 articles that did not meet the inclusion criteria
were excluded again. Finally, 13 studies were included,
involving a total of 5603 patients. Figure 1 illustrates the
inclusion literature screening process.

Basic characteristics of included studies

A total of 13 studies were included in this study [20-31],
including 7 cohort studies and 6 randomized controlled
trials, published between 2012 and 2024, with study sam-
ple sizes ranging from 86 to 1,001 cases. The age of the
patients ranged from 55.7 to 82 years old, and there were
some differences in the gender ratio and BMI between
the studies, with the BMI range of 22.6 to 25.4 kg/m>. The
main outcome measures included postoperative length
of stay, complication rate, readmission rate, reoperation
rate, and mortality rate. Most studies reported postoper-
ative length of stay and complication rate, and a few stud-
ies involved readmission rate and reoperation rate. The
included studies covered gastrointestinal surgery patients
from different countries and regions, and the study types
included prospective cohort studies and randomized
controlled trials. The basic characteristics of the included
literature are shown in Table 1.
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PRISMA 2020 flow diagram for new systematic reviews which included searches of
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Fig. 1 Flow chart of literature screening process

Literature quality evaluation

For the 6 RCTs [24, 25, 27, 29, 32], the bias risk assess-
ment tool recommended by the Cochrane Collabora-
tion was used for analysis. The results (Table 2) showed
that most of the included RCTs showed low risk of bias
in terms of random sequence generation, allocation con-
cealment, and outcome data integrity (Supplementary
Figure S1). However, there were some concerns regarding

blinding, particularly for participants and researchers.
This may introduce performance or detection bias, espe-
cially for subjective outcomes such as complications and
recovery time. Overall, the risk of bias in the RCTs was
moderate, as several studies had an unclear risk in areas
like outcome assessment blinding and selective reporting.

For 7 cohort studies [20-23, 26, 28, 30, 31], the NOS
was used for quality assessment. Table 3 showed that
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Table 2 Quality evaluation of randomized controlled trials (ROB)

Research Random Assign- Blinding (par- Blinding Results Selective  Other Overall risk
sequence ment ticipants and (outcome Data reporting  biases of bias
generation hiding researchers) assessment) Integrity

He, F. (2015) Low bias Low bias High bias Unclear Low bias Low bias Low bias Moderate bias

Jaloun, H.E. (2020) Low bias Unclear High bias Unclear Low bias Unclear Low bias High bias

Jeong, O. (2021) Low bias Low bias High bias Low bias Low bias Low bias Low bias Moderate bias

Kang, S.H. (2018) Low bias Low bias High bias Unclear Low bias Low bias Low bias Moderate bias

Ren, L. (2012) Low bias Low bias High bias Unclear Low bias Low bias Low bias Moderate bias

Table 3 Quality evaluation of cohort study literature (NOS)

Research Research subject selec- Comparability between Result evaluation Total score (0-9 Quality
tion (0-4 points) groups (0-2 points) (0-3 points) points) Grade
Asklid, D. (2017) 4 1 2 7 high quality
Bellato, V. (2021) 3 1 2 6 Medium
quality
Cao, S. (2021) 4 2 3 9 high quality
Han, H. (2024) 4 1 2 7 high quality
Jian, C. (2022) 3 1 2 6 Medium
quality
Lohsiriwat, V. (2021) 3 1 2 6 Medium
quality
Sutherasan, M. (2017) 3 1 3 7 high quality
Tidadini, F. (2022) 4 1 3 8 high quality
Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Asklid, D. (2017) 145 5.60 6.4000 753 9.00 7.9000 -3.40 [-4.58;-2.22] 10.9%
Bellato, V. (2021) 49 6.93 3.7600 33 9.50 4.8300 -2.57 [-4.53;-0.61] 8.1%
Cao, S. (2021) 85 11.00 5.6800 86 13.00 6.8000 -2.00 [-3.88;-0.12] 8.3%
Han, H. (2024) 182 10.67 2.8800 131 12.45 3.3100 -1.78 [-2.48;-1.08] 12.5%
He, F. (2015) 48 6.00 4.3500 38 10.00 8.3600 -4.00 [-6.93; -1.07] 5.4%
Jaloun, H. E. (2020) 82 5.00 10.3600 214 9.00 18.5600 -4.00 [-7.35;-0.65] 4.5%
Jeong, O. (2021) 219 8.80 5.2000 219 11.50 10.7000 -2.70 [-4.28;-1.12] 9.4%
Kang, S. H. (2018) 46 540 56900 51 5.80 6.7600 -0.40 [-2.88; 2.08] 6.5%
Lohsiriwat, V. (2021) 70 5.00 2.6000 279 10.00 5.6300 -5.00 [-5.90; -4.10] 11.9%
Sutherasan, M. (2017) 165 7.00 4.6200 182 10.00 7.6800 -3.00 [-4.32;-1.68] 10.4%
Tidadini, F. (2022) 497 10.00 6.8900 504 15.00 6.5300 _ -5.00 [-5.83;-4.17]1 12.1%
Random effects model 1588 2490 > -3.16 [-4.10; —2.21] 100.0%
Heterogeneity: 12 = 82%, € =1.4442, p <0.01 T T
Test for overall effect: z = -17.67 (p <0.01) -6 -4 -2 0 2 4 6

Test for overall effect: t1o = =7.47 (p < 0.01) Mean Difference (95% Cl)

Fig. 2 Forest plot comparing postoperative hospital stay (days) between ERAS and control groups. Squares represent point estimates for individual
studies, with horizontal lines indicating 95% confidence intervals. The diamond shows the pooled mean difference (MD) with 95% Cl. ERAS: Enhanced
Recovery After Surgery

the cohort studies generally had high quality, with most
scoring between 7 and 9 points on the NOS. The stud-
ies showed well-defined subject selection and sufficient
follow-up times. However, a few studies had insufficient
control of confounding factors, which slightly decreased
their comparability. Despite these minor limitations,
most cohort studies were of high quality, contributing
reliable data to the meta-analysis.

Main results of meta-analysis

Length of stay (LOS)

A meta-analysis of 11 studies (1,588 ERAS patients and
2,490 controls) showed that the ERAS pathway on post-
operative length of stay in patients undergoing gastroin-
testinal surgery [20-25, 27, 28, 30—32]. A random effects
model was used for pooled analysis, and the results
(Fig. 2) showed that the postoperative hospital stay of
the ERAS group was significantly shorter than that of
the control group, with a mean difference (MD) of -3.16
days (95% CI: -4.10 to -2.21, P<0.01). This shows that
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the ERAS pathway can significantly reduce postoperative
hospital stay.

Heterogeneity analysis revealed a high level of
between-study variability (I* = 82%, t* = 1.4442, Q test
P<0.01). This heterogeneity may be attributed to differ-
ences in surgical types, institutional protocols, and vary-
ing degrees of ERAS implementation. Nevertheless, the
direction of effect was consistent across all studies, and
sensitivity analysis confirmed the robustness of the result.

Postoperative complications

Thirteen studies (2,350 ERAS patients and 3,253 con-
trols) [20-32] found that ERAS pathway significantly
reduced the incidence of postoperative complications.
The incidence of complications in the ERAS group was
significantly lower than that in the control group, with a
pooled RR of 0.70 (95% CI: 0.58-0.84, P<0.01), indicat-
ing a 30% relative risk reduction (Fig. 3).

Heterogeneity analysis showed that there was a moder-
ate degree of heterogeneity among the included studies
(I = 64%, 1> = 0.0455, Q test P<0.01), likely due to dif-
ferences in baseline risk profiles, surgical procedures, and
ERAS protocol completeness. Despite this, the CI did not
cross 1.0 and all studies favored ERAS, supporting the
reliability of this finding.

Readmission rate

Seven studies (1,202 ERAS patients and 1,158 controls)
were included to evaluate the impact of the ERAS path-
way on postoperative readmission rates [21, 23-25, 27,

Experimental Control

Study Events Total Events Total
Asklid, D. (2017) 61 145 455 753
Bellato, V. (2021) 13 49 6 33
Cao, S. (2021) 22 85 39 86
Han, H. (2024) 22 182 38 131
He, F. (2015) 7 48 6 38
Jaloun, H. E. (2020) 10 82 59 214
Jeong, O. (2021) 11 219 18 219
Jian, C. (2022) 46 464 78 464
Kang, S. H. (2018) 6 46 9 51
Lohsiriwat, V. (2021) 12 70 87 279
Ren, L. (2012) 28 298 29 299
Sutherasan, M. (2017) 52 165 73 182
Tidadini, F. (2022) 266 497 279 504
Random effects model 2350 3253

Heterogeneity: 1? = 64%, ? =0.0455, p < 0.01
Test for overall effect: z = -6.14 (p < 0.01)
Test for overall effect: t15 = -4.15 (p < 0.01)
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30, 31]. The results showed that the ERAS pathway signif-
icantly reduced the postoperative readmission rate. The
readmission rate in the ERAS group was lower than that
in the control group, with a pooled RR of 0.75 (95% CI:
0.58-0.96, P=0.02) (Fig. 4). This suggests that the ERAS
pathway care intervention can reduce the risk of read-
mission by approximately 25%.

No heterogeneity was observed among the included
studies (I* = 0%, 1* = 0, Q test P=0.75), indicating high
consistency in findings and reinforcing the robustness of
the result.

Reoperation rate

Three studies (350 ERAS patients and 356 controls) were
included to evaluate the impact of ERAS pathway on
postoperative reoperation rate [22, 25, 27]. The combined
analysis results showed that there was no statistical dif-
ference in reoperation rate between ERAS pathway and
control group. Significance. The pooled RR was 0.59 (95%
CI: 0.01-30.14, P=0.62) (Fig. 5). This suggested that the
ERAS pathway had a small and statistically insignificant
impact on reoperation rates.

Heterogeneity analysis showed that there was a moder-
ate degree of heterogeneity between studies (I> = 32%, 1°
= 0.9527, Q test P=0.23), indicating that the differences
between the study results can be partially attributed to
random error.

Risk Ratio RR  95%-Cl Weight

0.70 [0.57;0.85] 14.0%

1.46 [0.62;3.45] 3.3%

0.57 [0.37;0.88] 8.4%

0.42 [0.26;0.67] 7.5%

0.92 [0.34;2.52] 2.5%

0.44 [0.24;0.82] 5.4%

0.61 [0.30;1.26] 4.3%

0.59 [0.42;0.83] 10.4%

0.74 [0.28;1.92] 2.8%

0.55 [0.32;0.95] 6.4%

0.97 [0.59;1.59] 7.2%

I 0.79 [0.59;1.05] 11.7%

0.97 [0.86;1.08] 16.0%

@ 0.70 [0.58; 0.84] 100.0%
— T 1
0.5 1 2

Mean Difference (95% CI)

Fig. 3 Forest plot comparing postoperative complication rates between ERAS and control groups. Each square represents the risk ratio (RR) for an in-
dividual study, with horizontal lines denoting 95% confidence intervals (Cls). The diamond displays the pooled RR with 95% Cl using a random-effects
model. The vertical line at RR=1 indicates no difference between groups. ERAS: Enhanced Recovery After Surgery
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Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Bellato, V. (2021) 2 49 1 33 1.35 [0.13; 14.26] 1.2%
Han, H. (2024) 3 182 2 13 1.08 [0.18; 6.37] 2.1%
He, F. (2015) 1 48 1 38 0.79 [0.05; 12.25] 0.9%
Jeong, O. (2021) 5 219 5 219 : 1.00 [0.29; 3.41] 4.4%
Kang, S. H. (2018) 0 46 0 51 0.0%
Sutherasan, M. (2017) 2 165 9 182 0.25 [0.05; 1.12] 2.9%
Tidadini, F. (2022) 74 493 101 504 ; 0.75 [0.57; 0.98] 88.6%
Random effects model 1202 1158 0 0.75 [0.58; 0.96] 100.0%
[ I I |

Heterogeneity: 1>=0%, =0, p=0.75
Test for overall effect: z = -2.35 (p = 0.02)
Test for overall effect: t5 = -=3.05 (p = 0.03)

0.1 051 2 10
Mean Difference (95% CI)

Fig. 4 Forest plot comparing postoperative readmission rates between ERAS and control groups. Each square represents the risk ratio (RR) for an in-
dividual study, with horizontal lines denoting 95% confidence intervals (Cls). The diamond displays the pooled RR with 95% Cl using a random-effects
model. The vertical line at RR=1 indicates no difference between groups. ERAS: Enhanced Recovery After Surgery

Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Cao, S. (2021) 1 85 0 86 i 3.04 [0.13;73.47] 25.3%
Jeong, O. (2021) 1 219 7 219 o 0.14 [0.02; 1.15] 43.5%
Kang, S. H. (2018) 1 46 1 51 1.11 [0.07;17.22] 31.2%
Random effects model 350 356 # 0.59 [0.01; 30.14] 100.0%

Heterogeneity: 12 = 32%, % =0.9527, p =0.23
Test for overall effect: z =-1.37 (p = 0.17)
Test for overall effect: t, = —0.58 (p = 0.62)

0.1 0512 10
Mean Difference (95% CI)

Fig. 5 Forest plot comparing postoperative reoperation rates between ERAS and control groups. Each square represents the risk ratio (RR) for an in-
dividual study, with horizontal lines denoting 95% confidence intervals (Cls). The diamond displays the pooled RR with 95% Cl using a random-effects
model. The vertical line at RR=1 indicates no difference between groups. ERAS: Enhanced Recovery After Surgery

Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Bellato, V. (2021) 0 49 1 33 i 0.23 [0.01; 5.37] 33.5%
He, F. (2015) 0 48 1 38 | 0.26 [0.01; 6.32] 33.5%
Sutherasan, M. (2017) 1 165 0 182 3.31 [0.14; 80.65] 33.0%
Random effects model 262 253 ; 0.58 [0.01; 24.16] 100.0%

Heterogeneity: 12=0%, £=0, p =0.42
Test for overall effect: z = -0.62 (p = 0.54)
Test for overall effect: {, = —-0.63 (p = 0.59)

[ I [ I |

0.01 0.1 1 10 100
Mean Difference (95% CI)

Fig. 6 Forest plot of postoperative mortality of two groups of patients after ERAS pathway nursing intervention

Mortality rate

the ERAS pathway on postoperative mortality was not

Three studies (262 ERAS patients and 253 controls) were  significant (Fig. 6).

included to evaluate the impact of the ERAS pathway on Heterogeneity analysis showed that there was no obvi-
postoperative mortality [21, 24, 30]. The combined analy-  ous heterogeneity among the studies (I* = 0%, > = 0, Q
sis results showed that there was no significant difference  test P=0.42), indicating that the research results were
in postoperative mortality between the ERAS pathway highly consistent. However, the wide CI suggested impre-
and the control group. The pooled RR was 0.58 (95% CI  cision due to small sample size and low event rates. Fur-
was 0.01-24.16, P=0.59), indicating that the impact of ther large-scale studies are needed to clarify the effect of

ERAS on mortality outcomes.
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Fig. 7 Funnel plot assessing publication bias for studies reporting post-
operative hospital stay. Each point represents an individual study’s effect
size (mean difference) plotted against its standard error. The vertical line
indicates the pooled effect estimate, while the diagonal lines show the
expected 95% confidence interval boundaries under the assumption of
no publication bias. Symmetrical distribution of points around the pooled
estimate suggests minimal publication bias

Publication bias

In addition to evaluating the outcomes of the ERAS path-
way, we assessed publication bias using funnel plots and
Egger’s test. The funnel plot, as shown in Fig. 7, is rela-
tively symmetrical, indicating a low likelihood of publi-
cation bias. This suggests that smaller studies with null
results have not been disproportionately excluded, sup-
porting the robustness of the meta-analysis results. Egg-
er’s test further confirmed this finding, with a p-value of

Study Mean Difference

Omitting Asklid, D. (2017)

Omitting Bellato, V. (2021) —
Omiitting Cao, S. (2021) —
Omitting Han, H. (2024) —a—

Omitting He, F. (2015) —
Omitting Jaloun, H. E. (2020) ——+—
Omitting Jeong, O. (2021) —
Omitting Kang, S. H. (2018) —

Omitting Lohsiriwat, V. (2021) i
Omitting Sutherasan, M. (2017) ——+—
Omitting Tidadini, F. (2022)

— s

Random effects model ‘
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0.6612, indicating no significant publication bias across
the included studies.

Sensitivity analysis

Sensitivity analysis evaluates the impact of a single study
on the meta-analysis results by excluding studies one
by one. The results (Fig. 8) showed that after excluding
any one study, the difference in hospital stay between
the ERAS group and the control group was still signifi-
cant (MD ranged from -2.91 days to -3.37 days, P<0.01),
indicating that the results were robust. Heterogeneity
varied slightly across different analyses, with I* values
ranging from 71 to 84%, but the overall conclusion was
not affected, indicating the high robustness and reliability
of the analysis.

Discussion
This meta-analysis evaluated the effect of the ERAS path-
way on postoperative rehabilitation in gastrointestinal
surgery patients. The study found that ERAS pathway
significantly shortened postoperative hospital stay and
reduced the incidence of postoperative complications
and readmission rate. Specifically, ERAS patients had a
3.16-day shorter hospital stay, a 30% reduction in compli-
cations, and a 25% reduction in readmissions compared
to the control group. However, there was no statistically
significant difference in reoperation rate and mortality,
suggesting that ERAS enhances recovery and short-term
outcomes, its impact on critical adverse events may be
more limited.

Our findings are broadly consistent with those of previ-
ous meta-analyses but also highlight several nuanced dif-
ferences [33, 34]. For example, similar to Feng et al. [35],

MD 95%-Cl P-value Tau2 Tau 12
<0.01

<0.01

-3.11 [-4.18; -2.05]
-3.20 [-4.24; -2.16]

1.6706 1.2925 84%
1.5826 1.2580 84%

-3.26 [-4.27;-2.24] <0.01 1.4943 1.2224 83%
-3.37 [-4.36;-2.38] <0.01 1.2581 1.1217 71%
-3.10 [-4.13;-2.08] <0.01 1.5470 1.2438 84%
-3.11 [-4.13;-2.09] <0.01 1.5341 1.2386 84%
-3.19 [-4.25;-2.14] <0.01 1.6154 1.2710 84%

-3.35 [-4.23; -2.47] <0.01 1.2311 1.1095 82%
-2.92 [-3.84;-1.99] <0.01 1.1350 1.0654 78%
-3.16 [-4.23;-2.10] <0.01 1.6587 1.2879 84%
-2.91 [-3.83;-1.99] <0.01 1.1070 1.0522 76%

=-3.16 [-4.10; -2.21] < 0.01 1.4442 1.2017 82%

[ I I
-4 -2 0 2

|
4

Mean Difference (95% CI)

Fig. 8 Sensitivity analysis of hospital stay. Each row represents the pooled risk ratio (RR) when excluding one study sequentially. The central diamond
indicates the overall RR with 95% Cl from the primary analysis. Horizontal lines show the range of RR estimates after each exclusion, demonstrating ro-

bustness of findings



Dong et al. BMC Surgery (2025) 25:239

we observed reductions in complications and hospital
stay, although our study encompassed a broader range of
gastrointestinal procedures. In contrast to Lohsiriwat et
al. [36], who focused on emergency colorectal cancer sur-
geries and reported mortality reduction, our inclusion of
mainly elective procedures may explain the lack of mor-
tality benefit. Tan et al. [37] demonstrated ERAS effec-
tiveness in geriatric populations, while our broader age
range suggests its applicability across the general adult
population. Our findings also align with Li et al. [38],
who reported shorter hospital stays and fewer complica-
tions in minimally invasive colorectal surgery, support-
ing ERAS’s versatility. However, unlike Li et al. [39], who
reported reductions in surgical site infections, our study
did not examine specific complication subtypes—high-
lighting an area for future research. Similarly, Tian et al.
[40] reported the benefits of ERAS in laparoscopic distal
gastrectomy, which reinforces our conclusion that ERAS
protocols improve recovery across different types of gas-
trointestinal surgeries. While formal subgroup analyses
were not performed due to data limitations, qualitative
differences were observed across surgical subtypes. For
instance, the recovery trajectory and ERAS responsive-
ness may differ between colorectal and gastric surgeries
due to variations in surgical complexity and nutritional
management. Such differences may partially explain the
variability in effect sizes observed across studies.

Our analysis revealed high heterogeneity, particularly
in hospital stay (I*> = 82%) and complication rate (I* =
64%). This variability is likely due to differences in study
populations, surgical techniques, and notably, ERAS pro-
tocol adherence. In some studies, only partial ERAS pro-
tocols were applied—such as early mobilization without
early feeding—which may have attenuated the observed
effects. Despite this, sensitivity analyses showed consis-
tent findings, supporting the robustness of the results.
Additionally, publication bias was unlikely, as evidenced
by symmetrical funnel plots and a non-significant Egger’s
test (P=0.6612).

In terms of complication rate, our finding of a 30%
reduction aligns with existing literature suggesting ERAS
protocols reduce infection rates and other postopera-
tive complications [41, 42]. The observed effect was con-
sistent across multiple countries and surgical contexts,
supporting the generalizability of our findings. However,
our study did not find significant reductions in reopera-
tion or mortality, contrasting with Catarci et al. [11], who
reported improvements in both outcomes. These dis-
crepancies may be due to broader inclusion criteria in
our study, encompassing higher-risk patients and a wider
range of surgeries. Additionally, variations in how strictly
the ERAS protocols were implemented across different
centers may also explain the differing results, as more
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rigid adherence to the ERAS guidelines tends to yield
better outcomes.

Several studies [24, 25, 27, 29, 32] included in our
meta-analysis faced methodological limitations, such as
the lack of blinding of participants or outcome assessors,
which could introduce performance or detection bias.
Given the moderate risk of bias across studies, caution is
warranted when interpreting subjective outcomes such
as complication rates and recovery time. Nonetheless,
the consistency of benefit across studies strengthens con-
fidence in the overall effectiveness of ERAS.

Clinically, ERAS protocols have meaningful impli-
cations. A study on elderly colorectal cancer patients
showed that ERAS protocols reduced hospital stay by
2-3 days, which can improve bed availability and reduce
healthcare costs [11]. Additionally, reducing postop-
erative complications, such as infections and ileus, sig-
nificantly improves patients’ quality of life. In one case
series, gastric cancer patients on ERAS had fewer com-
plications and a lower readmission rate, which reduced
postoperative anxiety for both patients and families [43].
Moreover, ERAS pathways simplify postoperative care, as
demonstrated by a colorectal surgery department where
ERAS reduced the need for intensive care in high-risk
patients [44]. By integrating multidisciplinary care, ERAS
facilitates personalized rehabilitation and optimizes sur-
gical recovery.

Despite the strengths of this meta-analysis, several
limitations should be noted. High heterogeneity across
studies may impact the reliability of pooled estimates.
Differences in ERAS protocol components and adherence
levels further contribute to intervention inconsistency.
Some studies had small sample sizes or incomplete data,
which may reduce the robustness of certain outcomes.
Moreover, variability in patient inclusion criteria across
studies introduces potential selection bias and limits the
generalizability of our findings. Future studies should
stratify patients by age, comorbidities, and surgical com-
plexity to determine which subgroups derive the greatest
benefit. Large-scale, multicenter randomized controlled
trials with standardized ERAS protocols are essential to
validate these findings. Furthermore, economic evalu-
ations of ERAS implementation are warranted to assess
cost-effectiveness and inform health policy decisions
across diverse healthcare settings.

Conclusion

In conclusion, the ERAS pathway appears to offer sub-
stantial benefits in reducing postoperative complica-
tions, hospital stay, and readmission rates. However,
the effectiveness of ERAS can be influenced by variabil-
ity in protocol implementation, patient characteristics,
and surgical complexity. These factors underscore the
need for tailored approaches to ERAS application across
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different clinical settings. Future research should focus on
conducting high-quality, multicenter RCTs and on devel-
oping standardized, procedure-specific ERAS proto-
cols to minimize variability and improve reproducibility.
Additionally, further evaluation of the cost-effectiveness
and long-term outcomes of ERAS across diverse health-
care systems is warranted to inform widespread clinical
adoption and policy-making.
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