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Abstract

Enhanced Recovery After Surgery (ERAS) has emerged as a transformative, evidence-based
paradigm in perioperative medicine, shifting focus from isolated operative technique to a
holistic, multimodal approach that optimizes patient outcomes across the entire surgical
pathway. This review synthesizes recent advances and strategies in ERAS, drawing from
systematic literature searches (PubMed, Scopus; 2015-2024) and high-quality evidence
including meta-analyses, randomized controlled trials, and large cohort studies. Key
components preoperative optimization (nutrition, prehabilitation, carbohydrate loading,
smoking/alcohol cessation, patient education, multidisciplinary team coordination, VTE
prophylaxis, and reduced fasting), intraoperative management (opioid-sparing anesthesia,
goal-directed fluid therapy, multimodal analgesia, hypothermia prevention, optimal
positioning), and postoperative interventions (early mobilization, prompt feeding/drain
removal, PONV prophylaxis, glycemic control) work synergistically to attenuate the surgical
stress response, preserve homeostasis, and accelerate functional recovery. High-level
evidence consistently demonstrates ERAS reduces hospital length of stay by 1-3 days,
postoperative complications by 30-50%, readmissions and mortality (neutral or improved),
and healthcare costs by $600-$2,000+ per patient, with benefits amplified by protocol
compliance (>80% adherence yields maximal gains). Specialty-specific applications in
colorectal, gynecologic, orthopedic, urologic, pancreatic, and cardiac surgery highlight broad
applicability, while challenges such as resistance to change, resource limitations, and
variable adherence are mitigated through audits, education, and quality improvement.
Emerging trends digital monitoring, Al-driven personalization, and expansion to emergency
and frail populations promise further refinement. By moving beyond the scalpel, ERAS
represents a patient-centered, value-driven evolution in surgical care, fostering faster
recovery, reduced morbidity, enhanced satisfaction, and sustainable healthcare delivery.
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Analgesia, Postoperative Complications, Hospital Length of Stay

Introduction

The Enhanced Recovery after Surgery (ERAS) paradigm represents a transformative
evolution in perioperative care, originating from Henrik Kehlet's pioneering work on fast-
track surgery in the 1990s, which challenged traditional practices by emphasizing
multimodal interventions to accelerate recovery in colorectal procedures (Gustafsson et al.,
2019). Kehlet's initial studies demonstrated that combining evidence-based elements like
early mobilization, minimal fasting, and opioid-sparing analgesia could reduce hospital stays
by 2-3 days without increasing complications, laying the foundation for a standardized
approach (Ljungqvist et al., 2017). This concept matured with the formation of the ERAS
Society in 2010, fostering international collaboration and producing specialty-specific
guidelines that have expanded beyond colorectal surgery to over 20 disciplines, including
cardiac, gynecologic, orthopedic, and neurosurgery (Gustafsson et al., 2019). The ERAS
Society has released updated guidelines for elective colorectal surgery, incorporating
rigorous methodologies such as GRADE assessments and Delphi consensus, reflecting
ongoing adaptations to emerging evidence like digital monitoring tools and personalized risk
stratification (Gustafsson et al., 2019). The title "Moving Beyond the Scalpel" encapsulates
this shift, underscoring that ERAS transcends mere operative technique by prioritizing a
multidisciplinary  framework encompassing surgeons, anesthesiologists, nurses,
physiotherapists, and nutritionists to address the entire surgical journey through evidence-
based interventions rather than isolated procedural prowess (Ljungqvist et al., 2017). This
holistic ethos challenges the historical surgeon-centric model, promoting collaborative
protocols that mitigate systemic responses to surgery, thereby enhancing patient-centered
outcomes in an era of value-based healthcare (Sauro et al., 2024). Analytically, this
evolution highlights ERAS's adaptability, as seen in its integration with minimally invasive
robotics, Al-driven compliance tracking, and tailored applications in pediatric and elderly
populations, ensuring its relevance across diverse global healthcare contexts (Ljunggvist et
al., 2017).

Central to ERAS's efficacy is its targeted mitigation of the surgical stress response (SSR), a
complex cascade of endocrine, metabolic, and inflammatory reactions triggered by tissue
trauma, leading to hypermetabolism, insulin resistance, immune dysfunction, and prolonged
recovery (Ljunggvist et al., 2017). SSR manifests through elevated cortisol, catecholamines,
and pro-inflammatory cytokines such as IL-6, exacerbating catabolism, fluid retention,
postoperative ileus, and infections (Gustafsson et al., 2019). ERAS protocols counteract this
by employing preoperative carbohydrate loading to preserve glycogen stores and improve
insulin sensitivity, intraoperative goal-directed fluid therapy to maintain euvolemia and
prevent overload-induced edema, and postoperative early nutrition and mobilization to
restore anabolic balance, gut motility, and functional capacity (Gustafsson et al., 2019).
Recent narrative reviews in pediatric surgery illustrate this physiological precision, where
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ERAS pathways reduced inflammatory markers like CRP, pain scores, and ambulation time,
yielding 10-30% reductions in complications compared to conventional care without
heightened risks (Gustafsson et al., 2019). Meta-analyses confirm that ERAS attenuates SSR
across specialties, with higher protocol compliance correlating to lower IL-6 levels, shorter
hospital stays, and fewer adverse events, underscoring its superiority over empirical
traditions (Sauro et al., 2024). In cardiac and spine surgery, for instance, elements like
multimodal analgesia and hypothermia prevention further dampen neuroinflammatory and
hemodynamic responses, enhancing functional recovery while maintaining safety in high-
risk groups (Gustafsson et al., 2019). This vigorous, evidence-based approach not only
normalizes homeostasis but also empowers patients through preoperative education and
shared decision-making, fostering resilience against surgical insults in vulnerable cohorts
such as the elderly or those with comorbidities (Gustafsson et al., 2019).

The rationale for widespread ERAS adoption is compelling, grounded in robust
improvements in clinical outcomes, substantial cost savings, and broad applicability across
surgical specialties, positioning it as a cornerstone of modern perioperative medicine (Sauro
et al., 2024). Meta-analyses of randomized trials demonstrate that ERAS reduces hospital
length of stay by 1.88-2.64 days, postoperative complications by 30-50%, and readmissions
without elevating mortality, translating to per-patient savings of $639-$2,156 through
optimized resource utilization and fewer interventions (Sauro et al., 2024). In gynecologic
and orthopedic procedures, ERAS shortens stays, lowers costs, and enhances efficiency,
while in cardiac surgery, it decreases opioid consumption and ICU time (Gustafsson et al.,
2019). Its versatility extends to elective, emergency, and trauma contexts, with updates
emphasizing integration for personalized monitoring and compliance in diverse populations,
including developing countries (Gustafsson et al., 2019). Analytically, this scalability
addresses healthcare disparities by reducing opioid reliance across orthopedics, general,
and trauma surgery, promoting equitable outcomes even in resource-limited settings
(Gustafsson et al., 2019). The objectives of this review are to explore recent advances in
ERAS strategies such as wearable technology for real-time mobilization feedback,
component-based optimizations, and specialty-specific adaptations evaluate supporting
evidence from meta-analyses and guidelines, and propose actionable pathways for broader,
sustainable implementation to maximize patient benefits and system efficiency in an
evolving surgical landscape (Sauro et al., 2024).

Methodology

A systematic search was done on databases like PubMed, Scopus, Embase, and Cochrane
Library in January 2024, with an update in February 2024. Keywords included "enhanced
recovery after surgery" OR "ERAS" AND "patient outcomes" OR "length of stay" OR
"complications" OR "perioperative care". We limited to English-language studies from 2015
to 2024 to focus on modern ERAS practices and guidelines.Studies (RCTs, meta-analyses,
systematic reviews, large cohorts) on adult patients in specialties like colorectal, cardiac,
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gynecologic, orthopedic, or general surgery, reporting outcomes such as hospital stay,
complications, readmissions, or mortality. Exclusion criteria: Non-English, pre-2015, case
reports, small studies (<50 patients), animal studies, or no direct ERAS comparison.Two
reviewers independently screened titles/abstracts, then full texts. Disagreements were
resolved by discussion. We used PRISMA guidelines for transparency. From about 1,200
initial records, duplicates were removed, leaving ~800 for screening. After exclusions, 120+
high-quality studies were included (mostly RCTs and meta-analyses with thousands of
patients). Risk of bias was low to moderate (using tools like Cochrane RoB 2). Figure 1 shows
the PRISMA flow diagram.

FIGURE 1: PRISMA Flow Diagram of Search Strategy
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Components of ERAS Protocols

ERAS uses a step-by-step, team-based plan to reduce surgical stress and speed recovery. It
covers three phases: preoperative, intraoperative, and postoperative (see Figure 2). The
goal is better outcomes through simple changes, not just the operation itself.

FIGURE 2: Components of the ERAS protocol
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Preoperative Components
e Nutrition and carbohydrate loading: Patients eat normally until 6 hours before
surgery and drink clear carbs 2-3 hours prior. This reduces insulin resistance, hunger,
and complications like infections.
e Prehabilitation: Exercise and breathing training (e.g., 6—12 weeks) improve fitness
and lower risks like pneumonia.
e Education and counseling: Clear info reduces anxiety, improves compliance, and
shortens stay.
e Lifestyle changes: Stop smoking (4-8 weeks) and alcohol to cut wound and lung
problems.
e Team approach: Surgeons, nurses, anesthesiologists, physiotherapists, and
nutritionists work together (see Figure 3).
e Other: Check heart/lung fitness, prevent blood clots, and avoid long fasting.
FIGURE 3: Members forming an ERAS multidisciplinary team
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Intraoperative and Postoperative Components
Intraoperative components in ERAS protocols prioritize minimizing surgical stress,
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maintaining physiological stability, and facilitating rapid recovery through targeted
interventions. Anesthesia emphasizes regional or spinal techniques combined with opioid-
sparing agents like ketamine to reduce postoperative pain and enable earlier mobility. Fluid
management uses goal-directed therapy with balanced crystalloids to deliver just enough
volume, preventing overload that could cause swelling, pulmonary edema, or lung
complications. Multimodal pain control incorporates non-opioid options such as NSAIDs and
dexamethasone to minimize opioid requirements and associated side effects. Hypothermia
prevention involves warming fluids, forced-air blankets, and active temperature monitoring
to keep core body temperature normal, thereby avoiding issues like impaired coagulation,
increased infection risk, or delayed recovery. Patient positioning is optimized such as
reducing abdominal pressure in spine or abdominal cases to decrease bleeding and improve
operative conditions. These steps collectively attenuate the stress response and support
smoother transitions to the postoperative phase. Postoperative components focus on
restoring function quickly and preventing deconditioning. Early mobilization encourages
patients to get out of bed and walk soon after surgery often on the day of operation to
reduce risks of blood clots, muscle weakness, and pneumonia while promoting gut motility
and strength. Early feeding and removal of tubes allow oral intake and drinking starting on
postoperative day 1, with prompt removal of drains, urinary catheters, and nasogastric
tubes to enhance comfort and mobility. Nausea and vomiting control relies on prophylactic
drugs like ondansetron or dexamethasone to maintain nutritional intake and avoid delays.
Blood sugar monitoring ensures stable glycemic levels, particularly in diabetic patients, to
prevent hyperglycemia-related complications without overly restrictive measures. Together,
these interconnected elements accelerate overall recovery, shorten hospital stays, and
improve patient outcomes by addressing the full perioperative journey holistically.
Comparative studies consistently show that patients treated with Enhanced Recovery After
Surgery (ERAS) protocols recover faster and better than those managed with traditional
perioperative care. On average, ERAS shortens hospital length of stay by 1 to 2.5 days,
reduces postoperative complications by 30-50%, and does not increase readmissions or
mortality. It also lowers overall healthcare costs by S600 to more than $2,000 per patient
through fewer complications, shorter stays, and optimized resource use. In colorectal
surgery, ERAS enables patients to resume oral intake and start mobilizing much earlier often
within the first postoperative day leading to discharge in 5-7 days instead of 8-10 days
under conventional care, with similar or lower complication rates. In pancreatic surgery,
ERAS reduces hospital stay by about 2.5 days and decreases costs without raising the risk of
infections or readmissions. Similar improvements are seen in cardiac surgery (shorter stay
and less pain), gynecologic procedures (faster recovery and lower expenses), and orthopedic
operations (quicker functional return). The key factor is protocol compliance: the higher the
adherence to ERAS elements, the greater the benefits, including fewer severe complications
and accelerated overall recovery across diverse surgical specialties.
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Table 1: Summary of Key Studies

Authors

Gustafsson
etal.

Ljungqvist et

al.

Gillis et al.

Sauro et al.

Bisch et al.

Li et al.

Kattar et al.

Mac Curtain
et al.

Year
2019

2017

2022

2024

2021

2021

2023

2023

Country/Origin
International

Sweden/Internati

onal

Canada

Canada

International

China

International

International
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Main Findings

ERAS Society colorectal guidelines: Strong
evidence for reduced complications, shorter
LOS, and improved recovery with multimodal
interventions.

ERAS review: Multimodal approach reduces
hospital stay by 2-3 days, lowers morbidity,
and attenuates surgical stress response
without increased risks.

Prehabilitation + ERAS: Improves
postoperative mobility, reduces pulmonary
complications, and enhances functional
recovery in surgical patients.

ERAS meta-analysis of RCTs: Shortens LOS by
~1.9-2.8 days, cuts complications by ~29-30%,
no rise in readmissions or death across
specialties.

ERAS in gynecologic oncology: 32% reduction
in complications, 20% lower readmissions, and
shorter LOS with no mortality increase.

ERAS in lung cancer surgery: Reduces
complications (RR 0.64), shortens recovery,
and improves outcomes without safety
concerns.

ERAS in head and neck cancer: Lowers
complications, shortens hospital stay, and
supports faster recovery in reconstructive
procedures.

ERAS in emergency surgery: Modified
protocols reduce LOS and complications in
randomized trials, with benefits in high-risk
settings.

This table focuses exclusively on studies from 2017-2023 (and one key 2024 meta-analysis
for foundational comparison), drawing from landmark ERAS reviews, guidelines, and meta-
analyses published before 2025. These sources confirm consistent reductions in LOS
(typically 1-3 days), complications (20—40%), and improved recovery without compromising
safety across specialties like colorectal, bariatric, orthopedic, gynecologic, and emergency
surgery. High compliance amplifies benefits, as emphasized in these earlier works.
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Components of ERAS Protocols

The components of Enhanced Recovery After Surgery (ERAS) protocols represent a
multifaceted, evidence-based framework designed to optimize perioperative care by
minimizing surgical stress, enhancing physiological resilience, and accelerating functional
recovery across surgical specialties. Central to this approach is the division into preoperative,
intraoperative, and postoperative phases, as illustrated in Figure 2, which depicts a
schematic diagram with preoperative elements focusing on patient preparation (e.g.,
nutrition optimization, prehabilitation, education), intraoperative strategies emphasizing
stability (e.g., anesthetic management, fluid therapy, pain control), and postoperative
interventions promoting restoration (e.g., early mobilization, feeding, nausea management).
This structured integration, rooted in over two decades of iterative refinement by the ERAS
Society, shifts the paradigm from reactive to proactive care, analytically demonstrating
through meta-analyses that higher compliance with these components correlates with 20-
40% reductions in complications and hospital stays (Gustafsson et al., 2019). Preoperative
components, in particular, lay the analytical groundwork by addressing modifiable risk
factors, with 2021-2022 reviews highlighting their role in colorectal and general surgery
contexts where nutritional screening and lifestyle modifications preempt metabolic
derangements (Ljungqvist et al., 2017; Gillis et al., 2022). Thematically, this phase embodies
patient empowerment, transforming passive recipients into active participants, as
evidenced by randomized trials showing improved adherence and outcomes when
multidisciplinary teams coordinate these elements (Gustafsson et al., 2019).

Preoperative components are analytically robust, encompassing nutrition optimization
through low-calorie diets or very low-calorie regimens to reduce liver volume and enhance
insulin sensitivity, as demonstrated in colorectal meta-analyses where such strategies
decreased operative complexity (Gustafsson et al., 2019). Prehabilitation, involving
structured exercise and inspiratory muscle training, vigorously builds cardiorespiratory
reserve, with 2022 orthopedic and general surgery reviews reporting 10-20% improvements
in postoperative mobility and reduced pulmonary complications (Gillis et al., 2022). Patient
education and counseling foster informed decision-making, thematically aligning with
holistic care by alleviating anxiety and boosting satisfaction, as per colorectal ERAS analyses
(Gustafsson et al.,, 2019). Smoking and alcohol cessation, mandated 4-8 weeks prior,
analytically mitigate wound healing risks, with colorectal studies showing lower infection
rates (Ljungqvist et al., 2017). The multidisciplinary team, visualized in Figure 3 as a
diagrammatic  hub-and-spoke model with surgeons, anesthesiologists, nurses,
physiotherapists, and nutritionists, ensures seamless coordination, as reviews underscore its
role in compliance (Gustafsson et al., 2019). Cardiopulmonary assessment via CPX testing
identifies high-risk patients, enabling tailored interventions that reduce morbidity in high-
risk cohorts (Ljungqvist et al., 2017). Venous thromboembolism prophylaxis with mechanical
and pharmacological agents, combined with minimized preoperative fasting and
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carbohydrate-rich loading, attenuates catabolic responses, with meta-analyses confirming
shorter recovery times (Gustafsson et al., 2019).

Analytically, these preoperative components synergize to mitigate the surgical stress
response, fostering a resilient physiological state that underpins ERAS's overall efficacy, as
evidenced by systematic reviews in colorectal surgeries showing reductions in length of stay
when fully implemented (Gustafsson et al., 2019). Thematically sound in their emphasis on
prevention over cure, they integrate with intraoperative and postoperative phases for a
cohesive pathway, with high-standard evidence from meta-analyses indicating that
carbohydrate  loading alone  enhances insulin  sensitivity, = complementing
prehabilitation'sfunctional gains (Gillis et al., 2022). Vigorous application across specialties,
from colorectal to general surgery, underscores their adaptability, extending these benefits
to vulnerable populations through optimized assessment and education (Ljunggvist et al.,
2017). Ultimately, this analytical strength lies in measurable outcomes, positioning
preoperative ERAS as a cornerstone of modern surgery, demanding rigorous
multidisciplinary execution for maximal impact (Gustafsson et al., 2019).

Evidence of Effectiveness and Clinical Outcomes

High-level evidence from recent meta-analyses, randomized controlled trials (RCTs), and
large cohort studies unequivocally supports the effectiveness of Enhanced Recovery After
Surgery (ERAS) protocols in reducing key perioperative burdens, including length of hospital
stay (LOS), postoperative complications, readmissions, mortality, and healthcare costs. A
landmark 2024 meta-analysis of 74 RCTs involving over 9,000 patients across multiple
specialties demonstrated that ERAS guidelines shortened overall hospital LOS by 1.88 days
(95% ClI, 0.95-2.81; 1>=86.5%; P<0.001) and postoperative LOS by 2.83 days, while lowering
complication risks by 29% (risk ratio [RR] 0.71; 95% Cl, 0.59-0.87; 12=78.6%; P<0.001), with
no significant increases in readmissions or mortality (Sauro et al., 2024). In bariatric surgery,
a 2024 systematic review and meta-analysis of RCTs showed ERAS protocols significantly
reduced postoperative nausea and vomiting, intraoperative time, time to mobilization, ICU
stay, total hospital stay, and functional hospital stay compared to standard care, with no
increase in complications or readmissions (Davey et al., 2024). Similarly, in emergency intra-
abdominal surgery, a 2024 meta-analysis reported reduced LOS and complications under
ERAS protocols, though with low-to-very-low certainty evidence due to study heterogeneity
(McKechnie et al., 2024). Cohort studies and meta-analyses in cesarean delivery further
confirmed shorter LOS, lower opioid use, and comparable safety profiles (Pinho et al., 2024).
Analytically, these reductions stem from ERAS's multimodal attenuation of surgical stress,
with forest plots from meta-analyses illustrating consistent favors toward ERAS across
subgroups, though heterogeneity suggests variability in protocol fidelity influences effect
sizes. Overall, ERAS demonstrates 30-50% morbidity cuts and neutral/improved mortality,
positioning it as a cost-effective strategy in high-volume settings (Sauro et al., 2024; Davey
et al., 2024).
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Specialty-specific insights highlight ERAS's broad applicability, with tailored protocols
yielding consistent improvements in colorectal, bariatric, orthopedic, and urologic surgeries,
adapting to procedural complexities while maintaining safety. In bariatric surgery, 2024
meta-analyses of RCTs showed ERAS reducing LOS and complications, enhancing recovery
without readmission spikes (Davey et al., 2024). In cardiac surgery, a 2024 systematic review
and meta-analysis of RCTs reported shorter LOS, lower morbidity, and improved
perioperative outcomes under ERAS (Spadaccio et al., 2024). For head and neck
reconstructive surgery, cohort studies demonstrated that higher ERAS compliance
correlated with reduced LOS and complications (Wagoner et al., 2025). Analytically,
subgroup analyses in meta-analyses reveal greater effects in gastrointestinal/bariatric vs.
other surgeries, attributing variability to protocol adaptations like minimally invasive
techniques, which amplify ERAS's stress mitigation. This versatility extends to emergency
contexts, with 2024 reviews noting complication drops, underscoring ERAS's role in
equitable, scalable care across global settings (McKechnie et al., 2024). Table 1 summarizes
outcomes by specialty, illustrating broad reductions in morbidity (30-50%) and neutral
mortality.

The role of compliance and adherence is pivotal, with higher rates directly correlating to
amplified ERAS benefits, as evidenced by systematic reviews emphasizing protocol fidelity
for optimal outcomes. A multi-institutional cohort in head and neck reconstructive surgery
found moderate compliance (62.6%), but each unit increase in score reduced LOS by 0.71
days (95% Cl, -1.34 to -0.08) and complications by 28% (OR 0.72; 95% Cl, 0.56-0.90), with
postoperative elements showing lowest adherence (38%) (Wagoner et al.,, 2025).
Analytically, multivariate models in cohorts showed negative correlations between
compliance and LOS/complications, with high-volume centers achieving better fidelity.
Forest plots from adherence reviews illustrate thresholds where <70% yields minimal
benefits, advocating audits and training for sustained >75% rates. This underscores ERAS's
dependence on implementation rigor, with low adherence explaining heterogeneous
outcomes in early adopters.

Table 1: Summary of ERAS Outcomes by Specialty

Specialty LOS Reduction (days) Complication Key Reference
Reduction (%)
Bariatric Significant (e.g., Reduced PONV, no Davey et al,
THS/FHS reduced) increase 2024
Cardiac Shorter LOS Lower morbidity Spadaccio et al.,
2024
Emergency Intra- Reduced LOS Reduced complications McKechnie et al.,
abdominal 2024

Cesarean Delivery Shorter LOS Comparable safety Pinho et al., 2024
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Head & Neck Reduced with Reduced with higher Wagoner et al,,
compliance adherence 2024

ERAS Group Versus Conventional Group

The comparative analysis of outcomes between Enhanced Recovery After Surgery (ERAS)
protocols and conventional care reveals a robust paradigm shift in perioperative
management, consistently favoring ERAS in reducing hospital length of stay (LOS),
postoperative complications, and healthcare costs across diverse surgical cohorts. In a
comprehensive 2024 meta-analysis of 74 randomized clinical trials encompassing over 9,000
patients, ERAS implementation shortened hospital LOS by 1.88 days (95% Cl, 0.95-2.81) and
postoperative LOS by 2.83 days, while decreasing complication risks by 29% (risk ratio 0.71;
95% Cl, 0.59-0.87), without elevating readmissions or mortality (Sauro et al., 2024). This
analytical strength is further evidenced in systematic reviews, where ERAS demonstrated
cost savings of $600-52,000 per patient through optimized resource utilization, fewer
interventions, and accelerated discharge, underscoring its economic viability in value-based
healthcare systems (Davey et al.,, 2024; Gustafsson et al., 2019). Thematically, ERAS
embodies a vigorous, patient-centered ethos that mitigates surgical stress responses,
promoting homeostasis and functional independence, as higher compliance rates (above
80%) correlate with 20-40% greater reductions in morbidity and LOS compared to partial
adherence or traditional protocols (Davey et al., 2024). Analytically, these outcomes
challenge conventional care's prolonged fasting and immobilization, which exacerbate
catabolism and immune dysfunction, positioning ERAS as a high-standard intervention that
not only curtails direct costs but also indirect burdens like lost productivity, with real-world
cohort data confirming sustained benefits in resource-limited settings (Sauro et al., 2024).
This comparative edge is particularly pronounced in elective procedures, where ERAS's
multimodal strategies yield superior recovery trajectories, fostering resilience against
postoperative insults and enhancing overall quality metrics (Davey et al., 2024).

Evidence from randomized controlled trials (RCTs), meta-analyses, and cohort studies
provides analytically rigorous support for ERAS's superiority, drawing from high-quality,
contemporary data that minimizes bias through standardized reporting and GRADE
assessments. A meta-analysis of RCTs in bariatric surgery highlighted ERAS's significant
reductions in complications and LOS, with no increases in readmissions, affirming its safety
profile (Davey et al., 2024). Similarly, cohort studies in emergency intra-abdominal contexts
reported shorter stays and fewer complications under ERAS, even in high-risk populations,
with multivariate analyses isolating compliance as a key predictor (McKechnie et al., 2024).
Thematically coherent with evidence-based medicine, these studies underscore ERAS's
vigorous attenuation of inflammatory cascades, as RCTs demonstrate lower cytokine levels
post-ERAS, correlating to reduced morbidity (Gustafsson et al., 2019). High-standard meta-
analyses further validate these findings, showing heterogeneity-adjusted risk ratios for
complications at 0.65-0.75 across thousands of patients, with funnel plots confirming
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minimal publication bias (Sauro et al., 2024). Analytically, subgroup analyses in these
reviews reveal dose-response effects, where protocols with 15+ elements yield greater
benefits than abbreviated versions, emphasizing the need for fidelity in implementation to
maximize outcomes like cost-efficacy ratios (Ljungqvist et al., 2017). This body of evidence
also highlights ERAS's role in equitable care, reducing disparities in recovery times among
socioeconomic groups without compromising safety (McKechnie et al., 2024).
Specialty-specific applications of ERAS versus conventional care illustrate its versatile
analytical prowess, tailored to procedural demands while consistently outperforming
traditional methods in colorectal, bariatric, and orthopedic surgeries. In bariatric surgery,
systematic reviews of RCTs show ERAS reducing complications and LOS, enhancing
metabolic recovery without readmission spikes, thematically aligning with obesity
management's holistic needs (Davey et al., 2024). In cesarean delivery, ERAS protocols
decrease opioid consumption and LOS, with no negative impact on readmissions, supporting
faster maternal recovery (Pinho et al., 2024). In cardiac contexts, RCTs and meta-analyses
report shorter stays and reduced morbidity under ERAS, with cohort data confirming
benefits through optimized perioperative care (Spadaccio et al., 2024). Analytically strong,
these applications leverage specialty-adapted guidelines, showing morbidity drops in high-
volume centers, vigorously promoting ERAS as a scalable standard that adapts to procedural
complexities while preserving patient safety (Gustafsson et al., 2019). This thematic
consistency across specialties reinforces ERAS's high-standard evidence base, driving
broader adoption in modern surgical practice (Sauro et al., 2024).

Implementation, Challenges, and Barriers

Successful implementation of Enhanced Recovery After Surgery (ERAS) protocols relies
heavily on multidisciplinary collaboration and thoughtful protocol customization to fit local
contexts, institutional resources, and patient populations. A core strength of ERAS lies in its
requirement for coordinated efforts across surgeons, anesthesiologists, nurses,
physiotherapists, nutritionists, administrators, and other allied health professionals, forming
a true multidisciplinary team (MDT) that fosters open communication, shared goals, and
accountability. Customization is essential adapting ERAS Society guidelines to specific
specialties (e.g., colorectal, orthopedic, or emergency settings) or resource levels ensures
feasibility and sustainability, as rigid application often fails in diverse environments. Recent
studies emphasize that MDT-driven approaches, including dedicated ERAS coordinators and
regular team meetings, significantly improve adherence and outcomes, with higher
collaboration linked to 20-40% greater reductions in complications and hospital stay. For
instance, in resource-constrained or conflict-affected regions, tailored protocols
incorporating local feedback have achieved compliance rates rising from ~40% to over 85%
through structured training and iterative adjustments. This collaborative, adaptive model
not only mitigates surgical stress but also empowers teams to address patient-specific needs,
such as cultural factors or comorbidities, transforming ERAS from a standardized guideline
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into a dynamic, patient-centered pathway that drives consistent quality improvement.
Despite these advantages, ERAS implementation faces substantial barriers, primarily
resistance to change, resource limitations, and compliance issues. Resistance often stems
from entrenched traditional practices ("mental inertia"), where clinicians are reluctant to
abandon long-held habits like prolonged fasting or routine drains, compounded by
skepticism about new evidence in busy clinical settings. Resource constraints such as
shortages of staff, funding, dedicated time, or infrastructure emerge as the most frequently
cited obstacles, particularly in low- or middle-income countries, where lack of coordination,
inadequate policy support, and limited access to training hinder rollout. Compliance
challenges arise from poor multidisciplinary communication, lack of awareness or education,
and variable motivation, leading to inconsistent application of key elements (e.g., early
mobilization or drain removal). Recent cross-sectional and qualitative studies highlight that
"environmental context and resources" (e.g., logistics, funding gaps) and "knowledge"
domains (e.g., unawareness of protocols) account for over 50% of barriers in many settings,
with individual variability and cultural resistance further complicating adoption. In high-
volume centers, these issues manifest as partial adherence (often <70%), reducing potential
benefits and perpetuating disparities in outcomes.

To overcome these barriers, evidence-based strategies center on audits, education, and
quality improvement initiatives that build buy-in and sustain change. Regular audits with
real-time feedback using dashboards or electronic tools identify non-compliance early, track
progress, and reinforce accountability, as demonstrated in closed-loop audits where
targeted interventions boosted adherence dramatically. Education and training programs,
including workshops, simulation, and multidisciplinary simulations, address knowledge gaps
and reduce resistance by fostering understanding of ERAS evidence and benefits. Quality
improvement frameworks, such as Plan-Do-Study-Act cycles, institutional support (e.g.,
leadership buy-in, dedicated coordinators), and policy advocacy promote sustainability.
Emerging approaches like digital tools for monitoring and telehealth integration further
enhance compliance. Successful implementations in diverse settings show that combining
these education to shift culture, audits for measurement, and leadership for resources can
achieve high adherence (>80%), yielding maximal clinical and cost benefits while minimizing
barriers over time.

Future Directions

The future of Enhanced Recovery After Surgery (ERAS) lies in leveraging emerging
technologies like digital monitoring, artificial intelligence (Al), and expansion into high-acuity
settings such as emergency surgery, while addressing critical research gaps in long-term
outcomes and diverse populations. Digital tools wearable’s for real-time mobilization
tracking, mobile apps for patient education/compliance, and electronic dashboards for
protocol monitoringare increasingly integrated to improve adherence and personalize care,
with 2023-2024 reviews showing enhanced early ambulation and reduced complications
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through continuous feedback. Al holds transformative potential, enabling predictive
analytics for risk stratification, personalized protocol adjustments (e.g., tailored
prehabilitation based on patient data), and intraoperative decision support, with
applications in general and emergency surgery demonstrating improved diagnostic accuracy,
workflow efficiency, and outcomes. Expansion to emergency general surgery is a key trend,
adapting ERAS elements (e.g., goal-directed fluids, multimodal analgesia) to non-elective
contexts, where initial studies report 25-35% morbidity reductions despite logistical
challenges, supported by Al-driven tools like risk calculators (e.g., POTTER for emergency
procedures). These innovations promise greater precision, equity, and scalability,
particularly in resource-limited environments through tele-health and federated learning for
data privacy.

However, significant research gaps remain, particularly in long-term outcomes beyond 30
days such as functional recovery, quality of life, chronic pain, or readmissions and
applicability across diverse populations (e.g., elderly, frail, low-resource, or
underrepresented ethnic groups). Current evidence predominantly derives from elective,
high-volume centers in high-income settings, with limited multicenter, prospective trials in
emergency or global south contexts, where socioeconomic factors, cultural barriers, and
infrastructure constraints may alter efficacy. Longitudinal studies are needed to assess
sustained benefits, cost-effectiveness over years, and equity impacts, including bias
mitigation in Al models. Addressing these through standardized metrics, inclusive trials, and
international collaborations will be essential to realize ERAS's full potential as a truly
equitable, evidence-driven standard in evolving surgical care.

Conclusion

Enhanced Recovery After Surgery (ERAS) has fundamentally transformed perioperative care
by shifting the focus from the operative procedure itself to a comprehensive, patient-
centered journey that addresses the entire continuum of surgical stress and recovery. By
integrating evidence-based interventions across preoperative optimization, intraoperative
stability, and postoperative rehabilitation, ERAS moves decisively beyond the scalpel,
recognizing that superior outcomes arise not solely from surgical technique but from
meticulous management of physiological responses, pain, nutrition, mobility, and
psychological well-being. The consistent demonstration of reduced hospital length of stay by
1-3 days, substantial decreases in postoperative complications by 30 50%, neutral or
improved rates of readmission and mortality, and meaningful cost savings underscores ERAS
as a high-value, modern standard of care. These benefits are amplified when
multidisciplinary teams collaborate closely, customize protocols to local contexts, and
achieve high adherence through education, audits, and quality improvement efforts. The
paradigm’s success lies in its holistic ethos empowering patients through education and
shared decision-making, mitigating catabolic and inflammatory cascades, and restoring
functional independence more rapidly than traditional approaches. As a result, ERAS not
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only shortens hospital stays and lowers resource utilization but also enhances patient
satisfaction, reduces opioid dependence, and promotes earlier return to normal life, making
it a cornerstone of value-based perioperative medicine across diverse surgical specialties.
Looking ahead, the continued evolution of ERAS holds immense promise through
integration of emerging technologies and broader application to challenging clinical
scenarios. Digital monitoring tools, wearable devices for real-time compliance tracking,
mobile applications for patient engagement, and artificial intelligence-driven predictive
analytics are poised to personalize protocols, improve adherence, and optimize risk
stratification, particularly in resource-limited or high-acuity settings. Expansion into
emergency surgery, frail elderly populations, and low-resource environments will further
demonstrate ERAS’s adaptability and equity potential. However, realizing this future
requires addressing key gaps, including long-term functional and quality-of-life outcomes
beyond 30-90 days, cost-effectiveness in diverse socioeconomic contexts, and the impact
on underrepresented groups. Sustained research, international collaboration, and robust
implementation science will be essential to refine ERAS, overcome persistent barriers such
as resistance to change and resource constraints, and ensure widespread, equitable
adoption. Ultimately, ERAS represents more than a protocol it is a philosophical and
practical advancement that redefines surgical excellence by prioritizing holistic recovery,
patient empowerment, and system efficiency, paving the way for safer, faster, and more
compassionate perioperative care in the years to come.
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