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Abstract

Background Colorectal surgery is associated with a high risk of postoperative complications, including technical
complications, surgical site infections, and other adverse events affecting patient safety and overall patient
experience."Enhanced Recovery After Surgery” (ERAS) is considered a new standard of care for streamlining the
perioperative care of surgical patients with the goal of minimizing complications and optimizing timely patient
recovery after surgery. This systematic review was designed to investigate the evidence-based literature pertinent to
comparing patient outcomes after ERAS versus conventional perioperative care.

Methods This systematic review evaluates the performance of ERAS protocols against conventional care in colorectal
surgery, focusing on various postoperative outcome measures. An extensive search was conducted across multiple
electronic databases and registers from July 2 to July 5, 2024, complemented by citation searching on November 30,
2024.This approach led to the identification of 11 randomized controlled trials (RCTs) from the past decade, involving
1,476 adult participants. To ensure methodological rigor and transparency, the review followed PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) 2020 guidelines and was registered with PROSPERO
(CRD42024583074).

Results The implementation of ERAS protocols resulted in a notable decrease in hospital stay duration compared

to conventional care, with reductions varying between 3 and 8 days across studies. ERAS patients also had faster
gastrointestinal recovery, including quicker times to bowel movement, defecation, and resumption of normal

diet. Furthermore, patients in ERAS groups showed notably reduced postoperative complications and opioid
consumption, with patients experiencing lower pain scores on the Visual Analogue Scale (VAS) and reduced reliance
on opioids. Additionally, nutritional recovery in ERAS patients was enhanced, with elevated albumin and total protein
levels, alongside decreased inflammatory markers and improved immune function.
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enduring impact on patient recovery.

\revievv, Patient satisfaction

Conclusion This systematic review provides compelling evidence supporting the integration of ERAS protocols into
standard colorectal surgical practices. Future studies should aim to explore the variations in ERAS implementation,
pinpoint the most impactful elements of ERAS, and work towards personalizing and standardizing these protocols
across clinical settings. Additionally, evaluating long-term outcomes will help refine ERAS strategies, ensuring their

Keywords Enhanced recovery after surgery, ERAS protocol, Colorectal surgery, Postoperative outcomes, Systematic
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Introduction

Colorectal surgery, driven by the rising incidence of
colorectal cancer, is one of the most commonly per-
formed procedures worldwide, with over 600,000 con-
ducted annually in the United States alone [1]. These
surgeries are accompanied by a considerable morbidity
rate, which varies between 24.6% and 48.3% [2].

To address these challenges, the Enhanced Recovery
After Surgery (ERAS) protocol was first proposed by Pro-
fessor Henrik Kehlet in the late 1990s, aiming to optimize
recovery outcomes specifically for colorectal surgery
patients [3]. Originally designed for colorectal surgery,
the ERAS principles have since been successfully and
effectively adopted in various other surgical disciplines
beyond gastrointestinal surgery [4].

ERAS represents a comprehensive approach to periop-
erative care aimed at minimizing surgical stress and pro-
moting rapid postoperative recovery [5]. This paradigm
shift in perioperative management focuses on a standard-
ized package of care, encompassing the entire patient
journey from the preoperative, intraoperative, and post-
operative phases [6]. The success of ERAS programs
relies on the collaborative efforts of a multidisciplinary
team, comprising surgeons, anesthesiologists, nurses,
and other allied healthcare professionals [6].

ERAS programs have been associated with notable
improvements in patient outcomes and cost-effective-
ness, demonstrating their role in value-based care [7]. In
comparison to conventional perioperative management,
implementation of ERAS has been linked to decreased
hospital stays, fewer postoperative complications, and an
earlier return to baseline functional status [8].

The global adoption of ERAS protocols has expanded
significantly, demonstrating efficacy in diverse health-
care settings, including resource-limited environments
and regional centers, with recent studies reporting faster
return to baseline functional status, shorter hospital
stays, and fewer complications in these settings as well
[9-11].

While ERAS has shown benefits across various surgical
disciplines, its impact on outcomes following colorectal
surgery continues to be explored [12]. This systematic
review compares ERAS protocols with conventional care
methods, focusing on patient outcomes in colorectal
surgery and addressing gaps in the current literature,

particularly in the areas of elderly patient outcomes,
nutritional and immune recovery, and individual recov-
ery milestones, with the goal of delivering a comprehen-
sive analysis of the impact of ERAS protocols on various
aspects of postoperative recovery within this surgical
domain.

Methods

Protocol registration

To ensure our review followed a clear and structured
plan, we registered the protocol with PROSPERO (reg-
istration number: CRD42024583074). This registration
confirms adherence to a pre-defined methodology and
supports the transparency and reproducibility of our
research. For further details on the review’s design and
methodology, please refer to the published protocol [13].

Search strategy

Following the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) 2020 guidelines
[14], an extensive search across several reputable elec-
tronic databases and registers was conducted from July 2
to July 5, 2024. This search, focused on identifying arti-
cles published within the last decade, initially retrieved
651 studies for consideration. The search strategy incor-
porated a combination of Medical Subject Headings
(MeSH) terms and carefully selected keywords related to
our research topic. A detailed account of the search strat-
egy employed for each database (PubMed/MEDLINE,
ScienceDirect, Cochrane Central Register of Controlled
Trials [CENTRAL], Europe PMC (Europe PubMed Cen-
tral), EBSCO (Elton B. Stephens Company) Open Dis-
sertations, and ClinicalTrials.gov) is presented in Table 1
below. This approach was customized to fit the specific
syntax requirements of each database. Additionally, to
ensure a comprehensive review, citation searching was
performed. This process was conducted on November 30,
2024, and led to the identification of 8 additional studies.

Selection of studies

A total of 651 records were initially identified through
the comprehensive database search. After excluding
106 duplicates and 361 studies deemed irrelevant to the
topic, 186 records remained for screening by title and
abstract. Subsequently, 14 full-text articles were obtained
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Search Strategy Databases/Registers Number
of studies
before and
after filters
(("Enhanced Recovery After Surgery” OR ERAS OR “Fast-track surgery” OR “Enhanced Recovery After PubMed/Medline BEFORE FIL-
Surgery“[Mesh]) AND (“Colorectal Surgery” OR “Colorectal Resection”OR “Colorectal Cancer Surgery”OR TERS: 1378
“Colorectal operation” OR “Colonic Surgery” OR “Colon Surgery” OR “Colon Resection” OR Colectomy OR AFTER FIL-
Hemicolectomy OR Sigmoidectomy OR “Rectal Surgery” OR “Rectum Surgery” OR “Rectal Resection” OR TERS: 186
“Rectum Resection” OR Proctectomy OR “Anterior Resection” OR “Abdominoperineal resection” OR “Low FILTERS USED:
anterior resection” OR “Total mesorectal excision” OR “Surgery for Colorectal Cancer” OR “Colorectal cancer Full text
resection” OR “Rectal Cancer Surgery” OR “Colon Cancer Surgery” OR Colo* OR Rect* OR Proct* OR “Large Studies:
Bowel Surgery” OR“Large Intestine Surgery” OR “Diverticulitis Surgery” OR “Resection of the Colon” OR Clinical Study,
“Resection of the Rectum”OR “Large Intestine Resection” OR “Colorectal Surgery“[Majr])) AND (“Postopera- Clinical Trial,
tive outcome*” OR “Postoperative complication*” OR “Postoperative result*” OR “Postoperative recover*” OR Multicenter
“Surgical recover®” OR“Surgery recover*” OR “Post-surgical outcome*” OR “Recovery of function” OR “Patient Study,
outcome*” OR “Patient satisfaction” OR “Length of hospital stay” OR “Length of stay” OR “Hospital stay” OR Comparative
“Recovery time” OR "Quality of life” OR ((“Postoperative Complications’[Mesh] OR “Postoperative Cognitive Study, RCT
Complications’[Mesh]) OR “Length of Stay“[Majr]) OR “Patient Outcome Assessment’[Mesh] OR “Patient Adults
Reported Outcome Measures‘[Mesh] OR “Treatment Outcome’[Mesh] OR “Patient Preference’[Mesh]) (19+years)
Humans
English
Last 10 years
IDSearchHits Cochrane Library BEFORE
#1"Enhanced Recovery After Surgery” OR ERAS OR “Fast-track surgery"2187 (CENTRAL) FILTERS: 320
#2MeSH descriptor: [Enhanced Recovery After Surgery] explode all trees180 AFTER FIL-
#3#1 OR #22,187 TERS: 289
#4"Colorectal Surgery” OR “Colorectal Resection” OR “Colorectal Cancer Surgery” OR “Colorectal operation” FILTERS USED:
OR“Colonic Surgery”OR “Colon Surgery” OR “Colon Resection” OR Colectomy OR Hemicolectomy OR Study: Trials
Sigmoidectomy OR “Rectal Surgery” OR “Rectum Surgery” OR “Rectal Resection” OR “Rectum Resection” Language:
OR Proctectomy OR “Anterior Resection” OR “Abdominoperineal resection” OR “Low anterior resection”OR English
“Total mesorectal excision” OR “Surgery for Colorectal Cancer” OR “Colorectal cancer resection” OR “Rectal
Cancer Surgery”OR“Colon Cancer Surgery” OR Colo OR Rect OR Proct OR “Large Bowel Surgery”OR “Large
Intestine Surgery” OR “Diverticulitis Surgery” OR “Resection of the Colon” OR “Resection of the Rectum”OR
“Large Intestine Resection"9308
#5MeSH descriptor: [Colorectal Surgery] explode all trees357
#6#4 OR #59,308
#7(Postoperative NEXT outcome*) OR (Postoperative NEXT complication*) OR (Postoperative NEXT result*)
OR (Postoperative NEXT recover®) OR (Surgical NEXT recover*) OR (Surgery NEXT recover®) OR (Postsurgical
NEXT outcome*) OR “Recovery of function” OR (Patient NEXT outcome*) OR “Patient outcome assessment”
OR (Treatment NEXT outcome*) OR “Patient satisfaction” OR “Length of hospital stay” OR “Length of stay” OR
“Hospital stay” OR “Recovery time” OR “Quality of life"469,700
#8MeSH descriptor: [Postoperative Complications] this term only23593
#9MeSH descriptor: [Length of Stay] explode all trees9572
#1047 OR #8 OR #9,469,700
#11#10 AND #6 AND #3320
("Enhanced Recovery After Surgery” OR“ERAS” OR “Fast-track surgery” AND “Colorectal Surgery” OR Europe PMC (Europe BEFORE FIL-
"Colorectal Resection” OR "Colorectal Cancer Surgery” OR “Colorectal operation™ OR “Colonic Surgery”  PubMed Central) TERS: 1318
OR"Colon Surgery” OR "Colon Resection™ OR “Colectomy” OR “Hemicolectomy” OR “Sigmoidectomy” AFTER FIL-
OR"Rectal Surgery™ OR "Rectum Surgery” OR "Rectal Resection” OR “Rectum Resection” OR “Proctec- TERS: 132
tomy” OR "“Anterior Resection” OR “Abdominoperineal resection” OR “Low anterior resection” OR “Total FILTERS USED:
mesorectal excision” OR “Surgery for Colorectal Cancer” OR "“Colorectal cancer resection” OR “Rectal Full text
Cancer Surgery™ OR "Colon Cancer Surgery” OR "Colo*" OR “Rect*” OR "Proct*” OR "Large Bowel Surgery” English
OR™Large Intestine Surgery™ OR “Diverticulitis Surgery” OR “Resection of the Colon™ OR “Resection of the Type: Re-
Rectum™ OR"Large Intestine Resection™) AND (PUB_TYPE:“Clinical Trial”OR PUB_TYPE:"Comparative Study” search article
OR PUB_TYPE:"Controlled Clinical Trial” OR PUB_TYPE:"Multicenter Study” OR PUB_TYPE:"Randomized Studies: Clini-
Controlled Trial”) AND (LANG:"eng” OR LANG:"en” OR LANG:"us") AND (((SRC: MED OR SRC: PMC OR SRC: AGR cal Trial, Multi-
OR SRC: CBA) NOT (PUB_TYPE:"Review"))) AND (HAS_FT: Y OR (HAS_FREE_FULLTEXT:Y)) center Study,
Comparative
Study, Con-
trolled Clinical
Trial, RCT

Last 10 years




Kannan et al. Patient Safety in Surgery (2025) 19:4 Page 4 of 14
Table 1 (continued)
Search Strategy Databases/Registers Number
of studies
before and
after filters
("Enhanced Recovery After Surgery” OR ERAS OR “fast-track surgery”) AND (“colorectal surgery” OR “colorec-  Science Direct BEFORE
tal resection” OR “colon surgery”OR “rectal surgery”) AND (“postoperative outcomes” OR “postoperative FILTERS: 73
complications”) AFTER FIL-
TERS: 37
FILTERS USED:
English
Research
articles
Last 10 years
(Search
strategy in
title/abstract
only - not all
fields)
("Enhanced Recovery After Surgery” OR ERAS OR “Fast-track surgery”) AND (“Colorectal Surgery”OR Clinicaltrials.gov BEFORE
“Colorectal Resection”OR “Colorectal Cancer Surgery” OR “Colorectal operation” OR “Colonic Surgery” OR FILTERS: 18
“Colon Surgery” OR “Colon Resection” OR Colectomy OR Hemicolectomy OR Sigmoidectomy OR “Rectal AFTER FIL-
Surgery” OR "Rectum Surgery” OR “Rectal Resection” OR “Rectum Resection” OR Proctectomy OR "Anterior TERS: 2
Resection” OR "Abdominoperineal resection” OR “Low anterior resection” OR “Total mesorectal excision” FILTERS USED:
OR“Surgery for Colorectal Cancer”OR “Colorectal cancer resection” OR “Rectal Cancer Surgery” OR “Colon Adult (18+)
Cancer Surgery” OR Colo* OR Rect* OR Proct* OR “Large Bowel Surgery” OR “Large Intestine Surgery” OR Completed
“Diverticulitis Surgery” OR “Resection of the Colon” OR “Resection of the Rectum”OR “Large Intestine Resec- study

tion”) AND (“Postoperative outcome*” OR “Postoperative complication*” OR “Postoperative result*” OR “Post-
operative recover*” OR “Surgical recover®” OR “Surgery recover*” OR "Post-surgical outcome*” OR “Recovery
of function” OR “Patient outcome*” OR “Patient satisfaction” OR “Length of hospital stay” OR “Length of stay”
OR"Hospital stay” OR “Recovery time” OR “Quality of life”) | Completed studies | Adult (18-64), Older adult
(65+) | Interventional, Observational studies

Interventional
study

("Enhanced Recovery After Surgery” OR“ERAS" OR “Fast-track surgery”) AND (“Colorectal Surgery”OR EBSCO (Elton B. Ste- BEFORE
“Colorectal Resection” OR “Colorectal Cancer Surgery” OR “Colorectal operation” OR “Colonic Surgery”OR phens Company) - Open  FILTERS: 9
“Colon Surgery” OR “Colon Resection” OR Colectomy OR Hemicolectomy OR Sigmoidectomy OR “Rectal Dissertations AFTER FIL-
Surgery” OR“Rectum Surgery” OR “Rectal Resection” OR “Rectum Resection” OR Proctectomy OR "Anterior TERS: 7
Resection” OR "Abdominoperineal resection” OR “Low anterior resection” OR “Total mesorectal excision” FILTERS USED:
OR“Surgery for Colorectal Cancer”OR “Colorectal cancer resection” OR “Rectal Cancer Surgery” OR “Colon English

Cancer Surgery” OR Colo* OR Rect* OR Proct* OR “Large Bowel Surgery” OR “Large Intestine Surgery” OR
“Diverticulitis Surgery” OR “Resection of the Colon” OR “Resection of the Rectum”OR“Large Intestine Resec-
tion”) AND (“Postoperative outcome*” OR “Postoperative complication*” OR “Postoperative result*” OR “Post-
operative recover*” OR “Surgical recover*” OR “Surgery recover*” OR "Post-surgical outcome*” OR “Recovery
of function” OR "Patient outcome*” OR “Patient satisfaction” OR “Length of hospital stay” OR “Length of stay”

Last 10 years

OR"Hospital stay” OR “Recovery time” OR “Quality of life")

for in-depth evaluation, as they satisfied the predefined
inclusion and exclusion criteria outlined in Table 2. Of
these, 5 studies were found to meet the inclusion cri-
teria. As part of the study selection process, redundant
and duplicate publications were carefully assessed and
excluded. Two studies were identified as reporting identi-
cal datasets and were removed to avoid bias and ensure
the integrity of the review. The issue of redundant publi-
cations has been widely discussed in the literature, with
studies highlighting their potential to skew evidence-
based medicine, inflate publication records, and distort
scientific data, posing a potential threat to patient safety
[15]. Additionally, 8 studies were identified through
citation searching. After assessing the eligibility of the
8 studies identified through citation searching, 6 were

included in the final review, while 2 were excluded: one
due to not being a randomized controlled trial, and the
other because of a high risk of bias. This process is visu-
ally depicted in the PRISMA flow diagram (Fig. 1) under
the results section, which outlines the stages of study
selection, from initial identification through to final
inclusion, including the reasons for exclusions at each
stage. After thorough full-text evaluation, 11 studies ful-
filled our inclusion criteria and were incorporated into
the final review.

Data extraction

A standardized form for data extraction was designed
to systematically collect pertinent information from the
selected studies. Relevant study characteristics, patient
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CRITERIA INCLUSION

EXCLUSION

Population

Intervention

Adults (18 years and above) undergoing colorectal surgery

Implementation of standardized Enhanced Recovery After Surgery
(ERAS) protocols, including preoperative optimization (e.g., nutritional

Pediatric patients (patients under the age of 18 years),
Patients undergoing non-colorectal surgery

Studies not adhering to standardized ERAS protocols or
lacking clear implementation details

assessments, carbohydrate loading), intraoperative care (e.g., minimally
invasive techniques, optimal fluid management), and postoperative
care (e.g., early mobilization, multimodal pain management, early oral

Comparisons with enhanced or alternative recovery
protocols, mixed care pathways, or unclear definitions of
standard care

Studies that do not report on the postoperative out-

Non-RCTs, including observational studies (cohort, case-
control, cross-sectional), case reports, case series, reviews,
editorials, commentaries, preprints, animal or laboratory
studies, and studies with low methodological quality
(lacking clear controls or proper statistical analysis)
Studies published outside this time-frame (before July
2014 and after July 2024)

feeding).

Comparison Traditional or standard of care without implementation of the ERAS
protocols

Outcome Studies reporting postoperative outcomes, including hospital stay
durations, readmission rates, complication and mortality rates, gastroin- comes relevant to the review
testinal recovery milestones (e.g,, first flatus, defecation, bowel sounds),
patient satisfaction and well-being, nutritional recovery (e.g., early
enteral feeding), and markers of inflammation and immune function.

Study Design Randomized Controlled Trials (RCTs) only

Year of Studies published in the last 10 years only (July 2014-July 2024)

Publication

Language Studies published in English only

All foreign language publications (studies published in
languages other than English)

demographics, intervention details, outcome measures,
and important results were extracted for analysis. Two
independent reviewers conducted the data extraction
process, with any disagreements resolved through dis-
cussion or by consulting a third reviewer.

Screening and risk of bias assessment

A thorough screening process was implemented, using
the Rayyan app [16] for preliminary record management.
The initial screening process involved assessing titles and
abstracts of studies retrieved from multiple databases and
registers by two independent reviewers. Irrelevant stud-
ies and duplicates were removed, followed by a detailed
evaluation of the remaining articles to ensure they sat-
isfied our inclusion criteria. The quality of the included
studies was evaluated using the updated Cochrane Risk
of Bias 2 (ROB 2) tool [17], tailored specifically for ran-
domized controlled trials. Studies were then categorized
as having low, high, or some concerns regarding bias.
Studies identified with a high risk of bias were excluded
from the review.

Data synthesis

The extracted data were analyzed with consideration of
each study’s design and reported outcome measures.
Given the expected heterogeneity in study methodologies
and designs, a narrative synthesis method was employed
to integrate the findings effectively.

Results

The comprehensive search strategy and study selec-
tion process, outlined in the Methods section, initially
yielded 651 records from multiple databases and regis-
ters, with an additional 8 records identified through cita-
tion searching. After applying the inclusion criteria, 11
studies were selected for inclusion in the final analysis.
The PRISMA flowchart (Fig. 1) below visually depicts the
study selection process in detail.

Assessment of risk of bias
The Cochrane Risk of Bias 2 (RoB 2) tool [17] was utilized
to evaluate the risk of bias in the eleven RCTs included in
our review. Table 3 below presents the detailed Cochrane
RoB 2 assessments for the eleven RCTs included in the
study. Each trial was evaluated independently to ensure
a thorough evaluation of methodological quality and to
provide insights into the reliability of the study findings.
Of the eleven included RCTs, five studies - Forsmo et
al. (2016) [18] and Bednarski et al. (2019) [19], Shetiwy et
al. (2017) [20], Taupyk et al. (2015) [21] and Ostermann
et al. (2019) [22] exhibited some concerns regarding the
blinding of outcome assessors and/or lack of detailed
randomization information when assessed using the RoB
2 tool [17]. Nevertheless, all studies demonstrated well-
designed interventions, consistent implementation, and
complete data for the primary outcome. The remaining
studies were assessed as having good overall quality. This
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[ Identification of ies via and regi

[ Identification of studies via other methods J

Search conducted between July 2 to July 5, 2024

—
Records identified from:
H Databases (n = 651) Records removed before
§ PubMed/Medline = 186 screening:
2 Cochrane Library = 289 Duplicate records removed
e Europe PMC = 132 (n=106)
K] Science Direct = 37 Records marked as ineligible
= EBSCO Dissertations = 7 by reviewer (n = 361)
Registers (n = 2)
Clinicaltrials.gov = 2

I

) - Records excluded as they did not
Records screened by fitle and meet predefined inclusion and

abstract (n = 186) exclusion criteria (n = 167)

:

Search conducted on November 30, 2024

Records identified through citation
searching (n = 8)

| Reports sought for retrieval (n = 8) I—DI Reports not retrieved (n = 0)

Reports excluded
Study was not a Randomized

range (n = 1)
Redundant or duplicate
publications (n = 2)

=]

=

T Reports sought for retrieval Reports not retrieved:

! (n=19) Full text not accessible (n = 5)

* I
Reports assessed in full-text for | Reports excluded | Reports assessed for eligibility (n = 8) I—> Control Trial (n = 1)
eligibility (n = 14) "l Clinical trial without results (n = 6)

— Study without clearly defined age-

Studies included in review
(n=11) <

High risk of bias (n = 1)

Reports of included studies
(n=11)

Fig. 1 PRISMA flowchart depicting the study selection process

Table 3 Risk of Bias Assessment of Randomized clinical trials: Cochrane Risk-of-Bias Tool (RoB 2)

Study by/Year of Publication Domain 1 Domain 2

Domain 3 Domain 4 Domain 5 Overall

Forsmo et al. (2016) [18]
Bednarski et al. (2019) [19]
Forsmo et al. (2016) [23]

Li et al. (2019) [24]
EIRahman et al. (2020) [25]
Shetiwy et al. (2017) [20]
Taupyk et al. (2015) [21]
Mari et al. (2016) [26]
Feng et al. (2016) [27]
Ostermann et al. (2019) [22]
Igbal et al. (2024) [28

+ 4+ 4+ + + + + + + o+
4+ 4+ o+ o+ o+

- 4+ o+ o+

+ +

-+ 4+
-+ 4+

+ 4+ + o+ + A+ o+ +

+ 4+ + o+ + A+ o+ +

+ 4+ +
-+ o+

+ + + +

]
Note: RoB 2 domains: (1) Randomization process, (2) Deviations from intended interventions, (3) Missing outcome data, (4) Measurement of outcome, (5) Selection

of reported result
+: low risk of bias; -: high risk of bias; !: some concerns about risk of bias

overall assessment justified the inclusion of all eleven
studies in the final analysis.

Characteristics of the included studies

This systematic review integrates findings from eleven
RCTs that evaluate ERAS protocols against conventional
care in colorectal surgery. The studies involved adult
patients (18 years and older) undergoing colorectal sur-
gical procedures. Sample sizes across the studies ranged
from a minimum of 30 to a maximum of 324 patients,
with 1476 participants across all eleven RCTs.

The review explores how ERAS protocols influence
patient recovery and postoperative outcomes follow-
ing colorectal surgery, contrasting these effects with
conventional care approaches. The findings from this
review suggest that the adoption of ERAS protocols is
associated with reduced hospital stays, expedited recov-
ery timelines, and a reduced rate of adverse events in
the post-operative period. In addition, ERAS protocols
were associated with lower opioid use, reflecting better
pain management strategies. Moreover, patients in the
ERAS group showed lower inflammatory markers and
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improved immune function, further supporting the pro-
tocol’s role in enhancing recovery and reducing postop-
erative complications.

These findings advocate for the adoption of ERAS pro-
tocols in standard colorectal surgical practice. A compre-
hensive overview of the results is presented in Table 4.

Discussion

This systematic review assessed the efficacy of ERAS
protocols versus traditional care in colorectal surgery,
concentrating on a range of patient outcomes, includ-
ing hospital stay duration, postoperative complications,
gastrointestinal recovery milestones, immune func-
tion, pain management and overall patient comfort. The
review included eleven RCTs involving a total of 1476
participants, all of whom were adults undergoing elective
colorectal procedures. The findings consistently dem-
onstrated that ERAS protocols significantly improved
patient recovery metrics, thereby supporting their inte-
gration into standard surgical practices. The studies
included in this review highlighted several key similari-
ties and differences in patient outcomes between ERAS
protocols and traditional care methods.

Length of hospital stay

Multiple studies have demonstrated a substantial
decrease in hospital stay durations for colorectal surgery
patients managed under an ERAS pathway. For instance,
Forsmo et al. (2016) found that patients in the ERAS
group had a median hospital stay of 5 days compared
to 8 days for those receiving standard care [18]. Simi-
larly, Bednarski et al. (2019) reported a notable reduc-
tion in hospital stays for patients utilizing the RecoverMI
approach, which integrated minimally invasive surgery
with ERAS principles [19]. Shetiwy et al. (2017) further
demonstrated a significantly shorter hospital stay of 4.49
days in the ERAS group compared to 13.31 days in the
conventional care group [20]. Taupyk et al. (2015) and
Mari et al. (2016) similarly reported reduced stays of 5.9
and 5 days, respectively, under ERAS protocols, com-
pared to 10.9 and 7.2 days in standard care, highlighting
the protocol’s role in expediting recovery [21, 26]. This
reduction in hospital stays not only reflects improved
recovery but also has broader implications for health-
care resource utilization, potentially resulting in reduced
healthcare costs and increased bed availability for other
patients.

Postoperative complications and mortality

Most studies reported a reduced rate of overall postop-
erative complications among ERAS patients. RCTs con-
ducted by Li et al. (2019) and Feng et al. (2016) reported
fewer total complications in the ERAS groups, with both
studies showing significant reductions (p<0.05) [24, 27].
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Similarly, Shetiwy et al. (2017) reported a 40% reduction
in complications in the ERAS group compared to stan-
dard care [20]. In elderly patients undergoing colorectal
surgery, Ostermann et al. (2019) found that ERAS proto-
cols reduced morbidity by 47% (35% vs. 65%, p=0.0003),
lowered infectious complications by 52% (13 vs. 29,
p=0.001), halved total postoperative complications (54
vs. 118, p=0.0003), and prevented anastomotic leaks (0
vs. 5, p=0.01) compared to standard care [22]. EIRah-
man et al. (2020) further demonstrated a significant
reduction in postoperative nausea and vomiting in the
ERAS group (17.5% vs. 37.5%, p=0.045) [25]. Addition-
ally, Igbal et al. (2024) reported a reduction in surgical
site infections (SSIs) in ERAS patients (13.33% vs. 30.0%,
p=0.1172), further emphasizing the role of ERAS in
lowering infection rates [28]. The reduction in complica-
tions such as infections, bleeding, and thromboembolic
events can be attributed to the multimodal approach of
ERAS protocols, which emphasizes preoperative opti-
mization, minimally invasive techniques, and postopera-
tive care strategies aimed at improving immune function
and enhancing recovery. The consistent improvement
in postoperative outcomes associated with ERAS pro-
tocols reflect their potential to advance care for surgical
patients.

Early return of gastrointestinal function

A notable advantage of ERAS protocols is the prompt
restoration of gastrointestinal function after colorectal
surgery, as demonstrated by several studies included in
this review. Studies by Taupyk et al. (2015), Ostermann
et al. (2019), Li et al. (2019), Mari et al. (2016), Feng et
al. (2016), and Igbal et al. (2024) showed significant
improvements in gastrointestinal recovery milestones
for individuals treated under the ERAS pathway, with
faster return of bowel sounds and quicker times to first
flatus, defecation, extubation, and ambulation [21, 22, 24,
26-28]. Both Shetiwy et al. (2017) and Ostermann et al.
(2019) reported earlier nasogastric tube (NGT) removal
in ERAS patients, with Shetiwy observing significantly
faster removal (0.77 days vs. 3.26 days, p<0.001) and
Ostermann noting a higher rate of intraoperative NGT
removal (87% vs. 61%, p=0.0005) without an increase in
replacements for postoperative ileus [20, 22]. Addition-
ally, Shetiwy et al. found that intra-abdominal drains
were removed significantly earlier in the ERAS group
[20]. These observations affirm the effectiveness of ERAS
protocols in expediting the recovery of gastrointestinal
function.

Nutritional support

An important aspect of ERAS protocols is the empha-
sis on early nutritional support. Studies have shown that
early enteral feeding can reduce the risk of complications
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and expedite recovery. RCTs conducted by Shetiwy et
al. (2017), Mari et al. (2016), Taupyk et al. (2015), and
Feng et al. (2016) demonstrated expedited nutritional
recovery in ERAS patients, with earlier enteral feeding
(1.89 vs. 5.46 days, p<0.001), faster solid meal intake
(1.5 vs. 3 days, p<0.05), quicker restoration of solid diet
(1.1£0.3 vs. 3.610.9 days, p<0.05), and earlier oral intake
(p<0.05), respectively, when compared to conventional
care [20, 21, 26, 27]. Forsmo et al. (2016) observed com-
parable enteral nutrition tolerance in both ERAS and
standard care groups, indicating that ERAS protocols do
not compromise nutritional status despite an accelerated
recovery timeline [18]. The study by Li et al. (2019) dem-
onstrated improved nutritional status in ERAS patients,
with elevated albumin and total protein levels on postop-
erative day seven, while Mari et al. (2016) reported signif-
icantly higher prealbumin levels on postoperative day five
(p<0.05), further highlighting the enhanced nutritional
recovery associated with ERAS protocols [24, 26].

Postoperative inflammatory markers and immune recovery
ERAS protocols have been shown to positively impact
both inflammatory markers and immune function fol-
lowing colorectal surgery. Taupyk et al. (2015) found
that CRP (C-Reactive Protein) levels were notably lower
in the FTS (Fast-Track Surgery) group (p<0.05), reflect-
ing reduced postoperative inflammation [21]. Similarly,
Mari et al. (2016) reported significantly lower IL-6 (Inter-
leukin-6) and CRP levels in the ERAS group on postop-
erative days 1, 3, and 5 (p<0.05), with IL-6 returning to
preoperative levels by day 3 in the ERAS group [26]. Feng
et al. (2016) observed similar reductions in CRP, IL-6,
and TNF-a (Tumor Necrosis Factor alpha) in the FTS
group on days 1, 4, and 6 (p<0.05), further supporting
these findings [27]. Furthermore, Feng et al. noted higher
levels of immune markers such as IgG (Immunoglobulin
G), IgA (Immunoglobulin A), C3 (Complement Compo-
nent 3) and C4 (Complement Component 4) in the ERAS
group on postoperative days 4 and 6 (p<0.05), reflecting
improved immune recovery [27].

Patient comfort and postoperative pain management

Patient comfort and effective pain control are crucial
components of successful recovery after surgery. Evi-
dence suggests that ERAS protocols improve postopera-
tive pain management and reduce reliance on opioids.
Ostermann et al. (2019) found that patients in the ERP
(Enhanced Recovery Program) group had significantly
lower opioid consumption (19 mg vs. 32 mg, p=0.028)
while maintaining a Visual Analogue Scale (VAS)
pain score of <3 [22]. Similarly, EIRahman et al. (2020)
reported significantly reduced pain scores in ERAS
patients compared to those receiving conventional care
(VAS: 3 vs. 4.6, p=0.024) [25]. These findings highlight
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how implementation of ERAS protocols not only accel-
erates recovery but also enhances patient comfort by
managing pain effectively and minimizing the need for
opioids in the postoperative period.

Comparison with other evidence

To gain a deeper insight into the implications of our find-
ings, we compared our results with existing systematic
reviews and meta-analysis studies that compared ERAS
with conventional care in colorectal surgery. Our cumu-
lative analysis indicates that our findings are consistent
with those reported in existing literature.

Consistent with the findings of Turaga (2023), our
review shows that ERAS protocols contribute to reduced
length of hospital stay, fewer complications in the post-
operative period, and rapid recovery milestones [8]. Li
et al. (2023) reported that the implementation of ERAS
effectively reduced the rate of hospital stay durations,
postoperative complications and surgical site infections,
supporting its broader application in clinical settings
[29]. Similarly, Zhang et al. (2023) demonstrated that
the ERAS cohort showed a statistically significant reduc-
tion in the time to first flatus, shorter hospital stays, and
fewer postoperative complications, including surgical site
infections, compared to conventional care [30]. Azhar et
al. (2021) corroborated these observations, reporting ear-
lier resumption of gastrointestinal functions such as fla-
tus and oral intake, shorter postoperative stays, and fewer
complications in ERAS patients [31]. Although this study
demonstrated that the traditional care group had fewer
readmissions, the ERAS group experienced fewer total
complications [31]. These findings align with results from
Wang et al. (2017) and Zhao et al. (2014), who similarly
reported reduced complications and shorter recovery
times [32, 33]. Furthermore, the meta-analysis by Altho-
baiti et al. (2020) reinforced these trends, highlighting
substantial reductions in hospital stays, complications,
and mortality rates among ERAS patients undergoing
colorectal surgery [34].

ERAS protocols have also been shown to significantly
improve recovery times and reduce complication rates
in emergency colorectal surgeries, although variability
across studies suggests that further research is needed
to refine and tailor these protocols for optimal outcomes
in such high-pressure settings [35]. Sauro et al. (2024),
in a meta-analysis of randomized clinical trials across
various surgical specialties, found that ERAS protocols
reduce hospital length of stay and complications without
increasing readmissions, emphasizing their broad appli-
cability and the need for their expansion into additional
surgical fields and clinical settings worldwide [36].

While these studies highlight several positive patient
outcome metrics, they typically reveal no significant
differences in readmission and mortality rates between
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the ERAS and conventional care groups. This may likely
be attributed to the fact that most studies do not assess
long-term outcomes associated with ERAS, potentially
overlooking its impact on these more extended aspects of
recovery.

Strengths of the review

This systematic review synthesizes data from eleven
RCTs, providing a robust sample size of 1476 partici-
pants. The inclusion of multiple studies enhances the
reliability and generalizability of the findings, offering a
well-rounded perspective on the effectiveness of ERAS
protocols compared to traditional care. In line with the
PRISMA 2020 guidelines [14], this review adhered to
a structured and transparent approach, enhancing its
credibility and facilitating replication in future research.
Additionally, the search encompassed multiple databases,
ensuring a comprehensive exploration of the litera-
ture and the inclusion of studies with moderate to high
quality.

The review assessed a wide range of patient outcomes,
including hospital stay durations, postoperative compli-
cations, gastrointestinal recovery milestones, immune
recovery, pain management and patient comfort. This
multifaceted approach allows for an in-depth under-
standing of the impact of ERAS protocols on patient
recovery following colorectal surgery, addressing various
aspects of the surgical experience. By highlighting the
collaborative nature of ERAS protocols, which involve
a multidisciplinary team, the review underscores the
importance of coordinated care in enhancing patient out-
comes. This focus on teamwork reflects the current best
practices in perioperative management.

Moreover, the review consistently demonstrated that
ERAS protocols lead to improved recovery metrics, such
as shorter hospital stays and reduced overall complica-
tions. These findings provide compelling evidence sup-
porting the integration of ERAS protocols into standard
surgical practices, potentially influencing clinical guide-
lines and policies.

Limitations and challenges of the review process

Despite the strengths of this review, it is not without
limitations. Variability in ERAS protocol implementa-
tion and outcome measures among the included studies
may hinder the ability to draw definitive conclusions and
make direct comparisons. Furthermore, the limited sam-
ple sizes in some of the studies may affect the statistical
strength and broader applicability of the results.

While most studies were assessed as having a low risk
of bias, 5 RCTs exhibited ‘some concerns’ regarding the
blinding of outcome assessors and/or lack of detailed
randomization information when assessed using the
ROB2 tool [17]. This potential for bias could influence
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the validity of the findings. Furthermore, many of the
included studies focused primarily on short-term out-
comes, such as length of hospital stay and immediate
postoperative complications. There is a need for further
research assessing long-term outcomes, including quality
of life and functional recovery beyond the initial postop-
erative period.

The lack of standardized implementation of ERAS
protocols across studies poses a challenge in evaluating
their effectiveness uniformly. Differences in the specific
components of the ERAS protocols used may contrib-
ute to variations in outcomes, complicating the inter-
pretation of results. The review could also be influenced
by publication bias, as studies with favorable results are
more likely to be published compared to those with nega-
tive or inconclusive outcomes. This bias could skew the
overall assessment of the effectiveness of ERAS proto-
cols. Finally, the scope of this review is confined to stud-
ies published in English, potentially omitting relevant
research published in other languages.

By addressing these strengths and limitations, the
review provides a balanced perspective on the current
evidence regarding ERAS protocols in colorectal surgery,
highlighting both the promise and challenges of imple-
menting these protocols in clinical practice.

Directions for future research

Future investigations into ERAS protocols for colorec-
tal surgery should concentrate on several critical areas
to deepen understanding and improve implementation.
First, there is a need for large-scale multicenter trials
that can provide more comprehensive data across diverse
patient populations and healthcare settings. Such stud-
ies would validate existing research findings and con-
firm that the advantages of ERAS protocols extend to a
wider range of patient demographics. Additionally, prag-
matic trials, which evaluate ERAS implementation in
real-world clinical settings, are essential for assessing the
applicability and effectiveness of these protocols across
diverse healthcare environments.

Second, long-term outcomes should be a primary focus
of future investigations. While current studies often
emphasize short-term recovery metrics, understanding
the long-term implications of ERAS protocols such as
sustained functional recovery, chronic pain, recurrence
rates, and quality of life is crucial. This could involve
follow-up assessments extending beyond the immediate
postoperative period to capture the full impact of these
protocols and provide a comprehensive understanding of
patient trajectories.

Moreover, future research should focus on identifying
the specific components of ERAS protocols that most
significantly contribute to improved outcomes. By iden-
tifying which elements are most effective, clinicians can
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tailor interventions to maximize benefits for patients.
For example, elements such as early mobilization, mul-
timodal pain management, and early enteral nutrition
may have varying impacts on different patient popula-
tions. Further investigation into these components could
refine protocols, ensuring they are optimized to meet the
unique needs of specific groups, such as elderly patients
or those with significant comorbidities.

Another important direction is the standardization
of ERAS protocols. Variability in implementation can
result in inconsistent outcomes; therefore, developing
standardized guidelines that can be adapted to different
settings while preserving core principles would be ben-
eficial. Research on the barriers to implementing ERAS
in various healthcare environments, including resource-
limited settings, could provide valuable insights. A recent
systematic review by Ayinde et al. (2024) identified key
challenges such as training deficiencies, resource limita-
tions, and a lack of multidisciplinary collaboration, while
proposing solutions like improved team coordination and
targeted education to address these issues [37]. Addition-
ally, Lovegrove et al. (2024) highlighted the importance of
clinician and facility-level education in promoting ERAS
adoption, particularly among nurses, and suggest that
improving ERAS knowledge could enhance implementa-
tion and patient outcomes. Their findings emphasize the
need for targeted educational strategies and collaborative
efforts to address barriers and facilitators in ERAS adop-
tion [38].

Finally, exploring the integration of technology and
telemedicine into ERAS protocols presents a promis-
ing avenue for future research. Investigating how digital
health tools can enhance patient education, monitor-
ing, and support during the perioperative period may
improve adherence to ERAS protocols and patient out-
comes. Furthermore, the use of artificial intelligence to
personalize treatment plans could offer tailored interven-
tions that better meet individual patient needs, poten-
tially leading to enhanced recovery and outcomes.

Exploring these future research avenues will offer cru-
cial insights for optimizing ERAS protocols in colorectal
surgery and adapting them to various clinical settings,
thereby advancing patient care and improving recovery
strategies.

Conclusion

The findings provide compelling evidence for the effi-
cacy of ERAS protocols in colorectal surgery, illus-
trating notable improvements in patient outcomes,
including reduced hospital stays, faster gastrointestinal
and nutritional recovery, fewer postoperative complica-
tions, enhanced immune function, and increased patient
comfort. Future research should prioritize larger, multi-
center trials that both standardize and personalize ERAS
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protocols, while also incorporating pragmatic trials to
evaluate their implementation in real-world clinical set-
tings. Investigations into long-term outcomes, including
the sustained impact on patient quality of life and func-
tional recovery, are crucial to fully understand the endur-
ing benefits of these protocols. Addressing these gaps will
enable the medical community to advance the applica-
tion of ERAS protocols, ultimately leading to improved
surgical care and patient recovery in the field of colorec-
tal surgery.
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