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Abstract: Enhanced recovery after surgery (ERAS) has recently gained widespread global adoption in surgical re-
habilitation. In breast surgery, ERAS has shown impressive clinical benefits and has become an important strategy
for improving postoperative recovery and reducing complications. This review summarizes the current application
of ERAS in breast surgery and compares its implementation in domestic and international settings across the pre-
operative, intraoperative, and postoperative phases. It further analyzes the key factors influencing ERAS promotion
and implementation. It focuses on the fundamental functions of nursing practice and the challenges encountered.
The purpose of this review is to provide evidence to support the optimization of recovery protocols for patients un-

dergoing breast surgery.
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Introduction

Breast cancer is the most prevalent non-skin
malignancy among women and the second
most frequently diagnosed cancer worldwide.
Its incidence and mortality rates are continu-
ously rising. In 2022, breast cancer account-
ed for more than 2.3 million new cases and
approximately 666,000 deaths worldwide [1,
2]. By 2040, the global incidence is projected
to increase by more than 40%, reaching an esti-
mated 3 million new cases per year, while mor-
tality is expected to rise by about 50% to nearly
1 million per year [3]. Breast cancer also repre-
sents a major public health concern in China.
About 357,000 new cases were reported in
2022, accounting for 15.6% of all female can-
cer cases and ranking second among malig-
nancies in women [2, 4]. Management of
breast cancer requires a comprehensive strat-
egy, among which surgery, chemotherapy,
radiotherapy, endocrine treatment, and target-
ed treatment constitute the core therapeutic
modalities [5, 6]. For patients with early-stage

breast cancer, breast-conserving surgery is
the most commonly adopted approach. While
effectively removing the tumor, this surgical
method preserves breast appearance and func-
tion to the greatest extent [7-9].

Surgery is of great significance in the treatment
of breast cancer. It not only enables direct
removal of the elision but also provides essen-
tial pathologic information for the formulation
of subsequent treatment plans. However, sur-
gery may cause various side effects, including
postoperative pain, wound infection, lymphede-
ma, and psychological distress [10-12]. There-
fore, postoperative rehabilitation and perioper-
ative management are critical. Enhanced recov-
ery after surgery (ERAS), first proposed by
Henrik Kechlet in the early 1990s [13], is an
evidence-based perioperative care strategy de-
signed to optimize surgical recovery through
multidisciplinary collaboration. ERAS aims to
reduce surgical stress, minimize postopera-
tive complications, shorten hospital stay, and
enhance functional recovery by integrating opti-
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mized perioperative nursing and medical man-
agement. This model replaces the traditional
single-modality care approach with a coordi-
nated, multidisciplinary framework.

ERAS has been widely adopted across multiple
surgical specialties, particularly in gynecolo-
gic, orthopedic, and abdominal surgery [14-16].
In gynecologic oncology, ERAS was first intro-
duced in 2016, marking the beginning of sys-
tematic implementation in this field [17]. Sub-
sequent updates in 2019 and 2023 further
refined these recommendations based on em-
erging clinical evidence [18, 19]. Continuous
updates of ERAS guidelines highlight their im-
portance in improving recovery outcome and
reducing medical costs [20].

Currently, ERAS has become an established
standard of perioperative management in
many surgical fields. ERAS involves a series of
coordinated interventions, including optimiza-
tion of preoperative medical conditions, stan-
dardized anesthesia protocols, reasonable fluid
management, effective analgesia, and early
mobilization [21, 22]. These comprehensive
interventions work synergistically to promote
postoperative recovery.

Following breast cancer surgery, recovery out-
comes are influenced by patient’s physical
condition, psychological burden, and potential
complications. ERAS plays a crucial role in reg-
ulating these key factors. It can not only improve
patients’ satisfaction, and reduce complication
rates, but also effectively shorten the hospital-
ization time [23, 24]. The advantages of ERAS
are not only reflected in promoting the recovery
of patients’ physical function, but also in pro-
viding necessary psychological support for pa-
tients. ERAS also provides psychological sup-
port, helping patients cope with postoperative
challenges such as body image changes and
mood fluctuations.

This study conducted a comparative analysis
of the current implementation of ERAS in bre-
ast surgery, focusing on the differences in peri-
operative management, nursing practice, and
multidisciplinary collaboration both domesti-
cally and internationally. The aim of this study
was to identify major barriers to ERAS im-
plementation, including limited policy support,
insufficient technological innovation, and inad-
equate professional training for nursing staff.
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By integrating existing research evidence and
clinical data, this study proposes strategies to
optimize nursing care, strengthen multidisci-
plinary collaboration, and improve postopera-
tive recovery outcomes. Ultimately, this study
aims to provide a reliable theoretical basis and
practical guidance for the broader implementa-
tion and localization of ERAS in breast surgery.

Problem statement and application scenario
in domestic and international contexts

Fundamental concept and evolution of ERAS

As a core component of ERAS, evidence-based
medicine provides solid theoretical support for
its implementation. ERAS optimizes periopera-
tive care through a series of interventions
based on high-quality clinical evidence. Its pri-
mary objectives are to reduce postoperative
complications, enhance overall treatment out-
comes, and improve patients’ quality of life
(Qol) [25, 26]. Reducing postoperative compli-
cations represents one of the key goals of
ERAS. This is achieved through a variety of
strategies, including optimization of preopera-
tive nutritional status, precise intraoperative
fluid management, rational anesthesia selec-
tion, and promotion of minimally invasive sur-
gery. These measures effectively decrease the
incidence of postoperative infection, pain and
other complications, thus facilitating faster
postoperative functional recovery [27-29].

Beyond physiological recovery, ERAS also at-
taches great importance to psychological sup-
port. Structured counseling, emotional sup-
port, and patient education can significantly
alleviate anxiety, depression, and other nega-
tive emotional responses. By improving pa-
tients’ understanding of their condition, ERAS
helps reduce surgery-induced psychological
distress. In breast surgery, ERAS-guided per-
sonalized nursing demonstrates significant ad-
vantages. It promotes the development of tai-
lored rehabilitation plans based on surgical
type and patient-specific conditions, thereby
addressing diverse recovery needs [30, 31].
For example, patients undergoing mastectomy
often require enhanced psychological support
and functional rehabilitation due to greater sur-
gical trauma, while patients receiving breast-
conserving surgery may pay more attention to
cosmetic outcomes and body image recovery.
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Overall, ERAS plays a crucial role in improving
postoperative recovery after breast surgery. It
mitigates both physical and psychological chal-
lenges during rehabilitation, promotes com-
prehensive recovery, and ultimately enhances
patients’ QoL. With the continuous accumula-
tion of clinical evidence and refinement of prac-
tice protocols, ERAS is expected to become a
routine management model in breast cancer
surgery, offering safer and more efficient re-
habilitation.

International progress and current status of
ERAS in breast surgery

The application of ERAS in breast surgery start-
ed relatively late. However, with the evolution of
perioperative care concepts, it has become an
important part of modern breast cancer man-
agement. Early ERAS practice in breast surgery
was largely adapted from the success obtained
from of gastrointestinal surgery, where initial
evidence demonstrated that optimized periop-
erative management could significantly accel-
erate postoperative recovery [32]. Globally,
ERAS has gained wide recognition and promo-
tion. Europe and North America have led the
way in promoting its standardized development
through systematic academic research [33,
34]. Currently, many large medical institutions
have adopted ERAS model and confirmed its
clinical effectiveness through multi-center cli-
nical trials [35, 36]. The International ERAS
Association, established in 2010, further pro-
moted the international standardization pro-
cess of ERAS protocols [37]. In 2017, the as-
sociation released dedicated guidelines for
perioperative optimization in breast cancer sur-
gery [38]. These suggestions emphasize funda-
mental practices such minimally invasive sur-
gery, early mobilization, nutritional optimization,
and multimodal analgesia, all aimed at reduc-
ing complications and promoting recovery. For
instance, Stone et al. showed that implemen-
tation of ERAS in minimally invasive breast
reconstruction greatly reduced complications,
shortened hospital stay, and improved pa-
tients’ quality of life, while offering targeted
solutions to address implementation barriers
[39].

More recently, ERAS has expanded beyond
large tertiary centers into regional medical
institutions with comparatively fewer resourc-
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es. Mui et al. reported that the majority of
patients could be safely discharged within 24
hours, and the average hospital stay following
mastectomy decreased from 2.26 days to 1.42
days [40]. These findings suggest that ERAS
not only maintains medical safety but also re-
duces treatment costs and improves resource
use. In recent years, digital health technologies
are increasingly being integrated into ERAS
practice, such as mobile applications, remote
monitoring, and online rehabilitation platforms
[41, 42]. For example, the online platform
RecoverEsupport developed by Sansalon et al.
provides personalized rehabilitation guidance
based on patient condition, and preliminary
data indicate that such digital interventions
can effectively improve patient engagement
and improve rehabilitation outcomes [43].

Overall, in healthcare systems with well-estab-
lished infrastructure, ERAS has evolved to be
the standard postoperative management mo-
del for breast surgery. Its maturity is mainly
reflected in broad clinical application, strong
evidence-based support, standardized guide-
lines from professional associations, and the
ongoing integration of digital health technolo-
gies to provide personalized and optimized
rehabilitation pathways.

Development of ERAS in breast surgery in
China and current challenges

In China, the application of ERAS in breast
surgery started relatively late. However, with
improvements in medical care and the expan-
sion of early screening programs, ERAS has
become an important strategy for promoting
postoperative recovery. In 2016, the release of
the Chinese Expert Consensus on Accelerated
Postoperative Rehabilitation marked an impor-
tant milestone [44]. This consensus systemati-
cally introduced ERAS principles and promoted
their application in general surgery and gyne-
cology. Although breast surgery was not the
focus at the time, the consensus laid the foun-
dation for its subsequent expansion in the field.

The successful application of ERAS in other
surgical fields and the unique clinical need of
breast cancer treatment have promoted do-
mestic clinical practice to gradually explore
and adapt ERAS principles. In 2017, the ERAS
Association released the Guidelines for the
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Perioperative Management of Breast Recon-
struction [38]. The guide clearly emphasized
measures such as preoperative education,
precision anesthesia, and early mobilization.
Subsequent clinical studies have provided fur-
ther supporting evidence. For example, Li et al.
demonstrated that ERAS-based postoperative
care effectively shortened hospitalization time,
reduced complications, and improved pain con-
trol and early oral intake in patients with breast
cancer [45]. Similarly, Ma et al. reported that
ERAS alleviated preoperative discomfort, re-
duced intraoperative blood loss, and promoted
recovery following breast reconstruction [46].
These findings, together with other evidence
[47-50], support the wide application of ERAS
in China. Currently, many tertiary hospitals and
research institutions in China have systemati-
cally incorporated ERAS into the standard peri-
operative management for breast surgery.

Despite the remarkable progress, widespread
implementation of ERAS in China still faces
several challenges. First, clinical awareness
and system-level implementation is still in the
initial stage, especially in professional fields
such as discharge planning and transitional
care for breast cancer patients [51]. The ab-
sence of unified national nursing guidelines
and standardized operating procedures leads
to significant variability across institutions. In
addition, most existing studies focus primarily
on short-term postoperative outcomes, while
comprehensive long-term management throu-
ghout the recovery remains limited. Discharge
guidance often fails to fully account for individ-
ual patient factors, such as cultural back-
ground, psychological state, and disease tra-
jectory, resulting in suboptimal alignment with
patients’ actual needs.

In addition to awareness and personaliza-
tion, the technology gap is another obstacle.
Although some leading hospitals have intro-
duced ERAS pathways, advanced tools such
as intelligent decision support systems and
remote postoperative monitoring platforms
are not yet widely available nationwide. Fur-
thermore, methodologic limitations persist in
current research: most studies rely on cross-
sectional design, and long-term follow-up data
evaluating sustained ERAS benefits remain
scarce.
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Therefore, within the context of ongoing health-
care reform in China, addressing these chal-
lenges will be essential for future implementa-
tion of ERAS. Key priorities include reducing
regional resource gap, strengthening techno-
logical integration, and conducting more com-
prehensive research on individualized care and
long-term effects.

Core elements of the ERAS program in breast
surgery

The ERAS program is a comprehensive periop-
erative care strategy that has been adopted
across various surgical specialties in recent
years. ERAS aims to shorten postoperative
recovery time, reduce complications, and im-
prove postoperative QoL through multidisci-
plinary collaboration and standardized inter-
ventions [52, 53]. In breast surgery, the coor-
dinated perioperative measures involved in
ERAS application are summarized in Figure 1.

Preoperative stage

The preoperative stage is crucial to successful
ERAS implementation, as it lays a solid founda-
tion for both surgical safety and postoperative
recovery. Its primary goal is to comprehensively
evaluate and optimize patients’ general condi-
tion in order to reduce perioperative risks and
improve outcome. ERAS-based preoperative
management encompasses multiple compo-
nents, including nutrition assessment, psy-
chosocial intervention, and health education.
These elements collectively reduce preopera-
tive anxiety, improve physiological readiness,
and enhance surgical preparedness. Evidence
supports the effectiveness of such preparatory
interventions. For example, a study by Genmini
et al. demonstrated that patients undergoing
breast reconstruction who received an ERAS-
based preoperative program (e.g., counseling,
carbohydrate loading, multimodal analgesia,
and antiemetic prophylaxis), experienced fa-
ster postoperative recovery, as evidenced by a
19.4% reduction in postoperative nausea and
an average decrease in hospitalization time of
0.28 days [24].

Preoperative education represents a core ele-
ment of ERAS and is widely used in clinical
practice. Before operation, structured commu-
nication helps patients understand the opera-
tive procedure, expected recovery trajectory,
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Preoperative phase

Structured preoperative education
« Health education
« Psychological interventions

Nutritional optimization
—> -« Nutritional assessment
* Individualized support

Preoperative medication Revised fasting regimen

—> -« Preemptive analgesia —> -+ Reduced fasting duration

* Prophylactic antibiotics « Clear fluids up to 2 hours

Intraoperative phase

Precision anesthesia
+ Regional techniques
« Short-acting/ low-dose agents

Fluid management

Temperature management
—> « Goal-directed fluid therapy —> + Active warming

* Hemodynamic monitoringn « Normothermiants

Minimally invasive surgery
—> -« Tissue-sparing techniques
« Fluorescence imaging guidance

Postoperative phase

Pain management
« Multimodal analgesia strategy
« Prevention and management of nausea and vomiting

Gastrointestinal recovery
—> - Early liquid diet
« Early mobilization

Wound management
—> - Sterile technique & early inspection
« Postoperative drainage

Figure 1. Enhanced recovery after surgery pathway in breast surgery.

and treatment goals [54, 55]. This kind of
education improves psychological prepared-
ness, reduces postoperative complications,
and improves treatment compliance. In addi-
tion, digital and multimedia educational tools
are being used to improve patient understand-
ing of surgical process and alleviate anxiety
[56, 57]. Bailey et al. reported that preopera-
tive education was associated with improved
compliance with ERAS measures and shorter
hospitalization [58]. Educated patients showed
higher adherence to measures such as short-
ened fasting time, regional nerve blocks, multi-
modal analgesia, and thrombosis prophylaxis
(21.2% vs. 8.9%).

The ERAS program attaches great importance
to nutritional optimization, especially in breast
cancer patients who frequently experience re-
duced appetite or impaired nutrient absorption
during treatment [59]. Preoperative malnutri-
tion is associated with higher infection risk,
prolonged hospitalization, and delayed recov-
ery [60]. Therefore, ERAS protocols recom-
mend nutritional assessment 1-2 weeks be-
fore surgery, followed by personalized nutrition-
al support as needed [61]. For patients who
have undergone chemotherapy, adequate sup-
plementation of protein, vitamins, and micro-
nutrients may enhance immune function and
improve postoperative recovery. Supporting
evidence from colorectal ERAS studies also
indicates that higher perioperative protein in-
take is associated with shorter hospitalization
and fewer complications [62].
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Preoperative medication is also crucial. Mul-
timodal preventive analgesia, including acet-
aminophen, celecoxib, meloxicam, and gaba-
pentin, combined with spinal or local anesthe-
sia can effectively reduce perioperative stress
and opioid requirements [63]. Such strate-
gies help prevent central sensitization, reduce
infammatory mediator release, and improve
postoperative pain control. In addition, preven-
tive antiemetics, such as ondansetron, aprepi-
tant, and dexamethasone, are commonly used
to prevent postoperative nausea and vomit-
ing, particularly when combined with opioid-
sparing analgesic protocols and reduced fast-
ing duration [64, 65].

In breast surgery, especially with wide-range
tissue resections, infection prevention is ano-
ther important preoperative component. ERAS
protocols typically include prophylactic antibiot-
ics, standardized skin preparation, and anti-
septic cleansing before surgery to reduce the
risk of postoperative infection. Evidence sug-
gests that multimodal perioperative optimiza-
tion strategies may significantly shorten hospi-
tal stay and improve pain outcomes [66, 67].

Traditional surgical practice often required fast-
ing for more than 12 hours before surgery [68].
However, ERAS guidelines recommend allowing
clear liquids up to 2 hours before surgery. This
approach reduces hypoglycemia and dehydra-
tion, and improves preoperative comfort, with-
out increasing aspiration risk. A Dutch qua-
lity-improvement study including 451 patients
confirmed that shortened fasting time effec-
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tively reduced thirst and postoperative nausea
without significantly increasing the risk of acci-
dental aspiration [69].

Patient-specific optimization is also empha-
sized within ERAS. Although the number of
younger women undergoing breast surgery is
increasing, most patients remain middle-aged
or elderly [70]. Personalized preoperative prep-
aration is therefore essential. For example,
given that elderly patients often present with
comorbidities such as diabetes or hyperten-
sion, necessitating more comprehensive pre-
operative evaluation and optimization. In gen-
eral, ERAS protocols advocate tailored perio-
perative strategies to achieve optimal out-
comes.

Intraoperative phase

The intraoperative phase represents a key
component of the ERAS pathway. Through pre-
cise intraoperative management, the risk of
postoperative complications can be minimized,
thereby facilitating early recovery. The primary
objective during this stage is to attenuate the
physiological stress response to surgical trau-
ma while ensuring procedural efficiency and
safety. Key intraoperative elements include
anesthesia strategy, multimodal analgesia,
fluid management, and body temperature con-
trol, collectively contributing to maintaining
optimal physiologic stability throughout the
procedure.

Local and regional anesthesia has been widely
used in breast surgery. It can effectively reduce
postoperative pain and limit systemic side ef-
fects of general anesthesia, thus improving
patient comfort. Selection of anesthetics is cru-
cial. ERAS recommends short-acting drugs with
rapid metabolism and minimal residual effects
to facilitate early awakening and mobilization.
Commonly used drugs include short-acting sed-
atives, opioids, and muscle relaxants [71].
Studies show that, compared to conventional
general anesthesia, ultrasound-guided para-
vertebral block provides superior postoperative
pain control, while improving patient satisfac-
tion and accelerating rehabilitation [72, 73].
For example, ERAS was associated with lower
postoperative pain scores, reduced opioid use,
shorter hospital stay, and improved patient sat-
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isfaction [74, 75]. These findings support the
broader principle that multimodal anesthesia
and opioid-sparing strategies are central to
enhanced recovery pathways.

Accurate fluid management plays a crucial role
in reducing the risk of adverse events such as
tissue ischemia, poor wound healing, and infec-
tion of the surgical site [76]. Goal-directed fluid
therapy (GDFT) advocated by ERAS enables
individualized fluid administration with the help
of real-time monitoring of hemodynamic indica-
tors, so as to maximize the level of tissue perfu-
sion, effectively control intraoperative bleed-
ing, and reduce the occurrence of postoperative
complications [77]. Wang et al. reported that
patients managed with GDFT had higher post-
operative QoL scores, shorter hospitalization
time, and reduced crystalloid infusion com-
pared with standard fluid management [78].
Adequate fluid management maintains the pe-
rioperative stability of the circulatory system,
facilitating postoperative recovery.

Maintenance of normothermia is equally es-
sential. In breast surgery, warming devices
and heated intravenous fluids are commonly
used to prevent intraoperative hypothermia.
Intraoperative hypothermia has been associat-
ed with impaired immune function, increased
bleeding, and delayed postoperative recovery
[79]. Routine temperature management has
therefore become standard practice in many
institutions to reduce postoperative infection
and risk of cardiovascular events.

Minimally invasive techniques also align closely
with ERAS principles. Among them, laparoscop-
ic-assisted surgery, as well as fluorescence-
guided imaging contribute to reduced surgical
trauma, less blood loss, and fewer wound com-
plications [80]. These techniques facilitate ear-
lier mobilization, reduce postoperative opioid
requirements, and shorten hospital stay.

In summary, the intraoperative stage of ERAS
plays a crucial role in minimizing postoperative
outcomes. Through refined anesthetic mana-
gement, individualized fluid therapy, strict tem-
perature control, and advanced minimally inva-
sive surgical technology, ERAS improves patient
comfort, enhances recovery, and provides a
solid foundation for subsequent postoperative
rehabilitation.

Am J Transl Res 2026;18(3):2334-2350



Enhanced recovery after breast surgery

Postoperative phase

As a critical component of ERAS protocol, post-
operative stage directly influences recovery
speed, complication risk, and patients’ QoL.
Through a series of structured interventions,
ERAS aims to accelerate functional recovery,
reduce the risk of complications, and improve
the patient satisfaction. Effective pain control
is central to postoperative rehabilitation. ERAS
protocols advocate multi-modal analgesia com-
bining oral, intravenous, and regional tech-
niques to minimize opioid use while ensuring
adequate pain relief [81]. Proper analgesia
facilitates early mobilization and functional
recovery. Another key aspect is the prevention
of postoperative nausea and vomiting. App-
ropriate pharmacological prophylaxis and early
nutritional support can significantly improve
patient comfort and recovery experience.

ERAS also recommends avoiding prolonged
postoperative fasting. Early oral intake pro-
motes gastrointestinal motility and may reduce
complications of intestinal obstruction. Early
mobilization is now regarded as a core ERAS
principle and a standard practice in postopera-
tive care [82]. Evidence indicates that early
activity can significantly reduce complication
risk, improve both physical and psychological
outcomes, and accelerate overall recovery
[83].

Wound management is crucial in postopera-
tive care for breast surgery. According to glo-
bal statistics, about 30% of patients experi-
ence wound infection, hematoma, or seroma
[84]. ERAS protocols emphasize strict aseptic
technique, early wound assessment, and time-
ly intervention to promote healing. Drainage
management is another key nursing respon-
sibility. Appropriate use of drainage devices,
close monitoring of output, and timely removal
can successfully reduce fluid accumulation,
lower infection risk, and accelerate wound heal-
ing. Recent studies suggest that minimizing or
optimizing drainage use may improve postop-
erative outcomes in selected patients [85-87].
In addition, discharge criteria within ERAS pro-
gram are based on functional recovery rather
than fixed time points. Patients who meet re-
covery targets may be discharged within 48
hours, and in selected cases, same-day dis-
charge following breast surgery is feasible and
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safe [40, 88]. Such approaches greatly reduce
healthcare costs while maintaining clinical
safety.

In general, ERAS program extend throughout
the entire stages in breast surgery. By integrat-
ing standardized management across preoper-
ative, intraoperative, and postoperative stages,
ERAS optimizes recovery trajectories, reduces
complications, shortens hospitalization, thus
improving patients’ rehabilitation experience
and QoL.

Core role of nursing practice and the chal-
lenges it faces

The core role of nurses within the ERAS multi-
disciplinary team

With the progress in medical technology, peri-
operative management has undergone major
transformation. In surgical practice, ERAS has
evolved into an advanced clinical care model.
Within this framework, nurses, an indispens-
able part of the team, play a crucial role [89,
90]. Successful ERAS implementation relies on
close multidisciplinary collaboration, and nurs-
es assume numerous key responsibilities [90-
92]. Given that nurses maintain the closest and
sustained patient contact, their acceptance
and mastery of the ERAS protocols directly
influence effectiveness of clinical implemen-
tation.

From preoperative preparation to postopera-
tive rehabilitation, nurses participate throu-
ghout the entire perioperative continuum. As
shown in Figure 2, the nursing coordinator
plays a key role in the implementation of the
ERAS principle. During the preoperative stage,
nurses conduct comprehensive patient assess-
ment, including psychological state, general
health, and preoperative preparation. Through
effective communication, nurses can help alle-
viate preoperative anxiety while providing edu-
cation on ERAS principles to patients and their
families. During surgery, nursing staff is res-
ponsible for monitoring anesthesia, maintain-
ing hemodynamic stability, and preparing in-
struments and medications as needed. Post-
operatively, nurses continue to play a crucial
role by delivering both routine care and ERAS-
guided interventions. These measures facili-
tate early mobilization, support gastrointe-
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Figure 2. Central role of nursing in enhanced recovery after surgery multidisciplinary team.

stinal recovery, and promote early postopera-
tive oral intake.

The fundamental concept of ERAS is to reduce
unnecessary surgical trauma and delays in
recovery, thereby accelerating functional re-
covery [93]. For example, to stimulate bowel
motility and prevent constipation, nurses en-
courage early mobilization, typically within 24
hours after surgery, while also providing neces-
sary nutritional support and monitoring wound
healing.

Within the ERAS framework, nurses also as-
sume the responsibility for patient education
[94, 95]. Beyond providing perioperative infor-
mation, they guide patients in lifestyle modifi-
cation, dietary optimization, and the adoption
of appropriate physical activity to facilitate
recovery. Particular attention is paid to compli-
cation prevention such as lung infections and
deep vein thrombosis in high-risk patients.

Therefore, continuous education and profes-
sional training are essential to ensure su-
ccessful ERAS implementation. Regular train-
ing helps nurses update knowledge, enhance
clinical skills, so improve overall care quality.
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Major challenges faced by nursing practice in
China

Although the ERAS concept has been widely
promoted globally and has achieved certain
results in the field of breast surgery, its imple-
mentation in China still faces several challeng-
es. As shown in Figure 3, these challenges can
be mainly classified into four aspects, closely
related to the characteristics of the Chinese
healthcare system.

First, limitations in the foundational capacity
of nursing practice remain a major issue. Al-
though some Chinese hospitals have intro-
duced the ERAS protocols, gaps persist in
evidence-based medicine and precise health
management. ERAS requires nursing staff to
possess solid medical knowledge and the abil-
ity to assess individual patient variability to
deliver personalized care [96]. However, insuf-
ficient training in these areas may compromise
the effectiveness of ERAS implementation and
limit its potential.

Second, the application of advanced tech-
nologies in clinical nursing remains limited.
Successful implementation of ERAS relies on
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Challenges in Enhanced Recovery After Surgery nursing practice

Insufficient professional Limited use of Insufficient multidisciplinary Lack of high-quality
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1) Underutilization of omics, bioinformatics, 1) Inadequate communication with 1) Dominated by small-scale

1) Weak evidence-based and
precision nursing knowledge base
2) Lack of specialized skills

and artificial intelligence in nursing
2) Lacks an effective technological
framework for clinical nursing

surgeons, anesthesiologists, etc. evidence summaries
2)Immature training and communication 2)Scarcity of well-designed
mechanisms for cross-disciplinary work RCTs and prospective studies

Hinders the implementation and effectiveness of precision nursing
within the Enhanced Recovery After Surgery model

Figure 3. Conceptual framework of key challenges in enhanced recovery after surgery nursing practice in China.

technologies such as omics analysis, bioin-
formatics, Internet-of-Things-based monitoring,
and artificial intelligence [97]. However, the
clinical application of these technologies in
Chinese nursing practice is still in its infancy.
Limited access to technical tools limits the
ability of nurses to enhance care quality and
efficiency under the ERAS framework.

Third, multi-disciplinary collaboration mecha-
nism remain insufficiently developed. ERAS
model emphasizes coordinated teamwork am-
ong surgeons, anesthesiologists, nutritionists,
and nurses. However, in practice, communica-
tion and collaboration between nurses and
other departments are sometimes suboptimal.
For instance, inadequate alignment between
nursing protocols and surgical or anesthetic
plans may weaken the continuity of periopera-
tive management. Moreover, the training and
communication platforms for interdisciplinary
collaboration remain incomplete, posing practi-
cal barriers to ERAS implementation.

Finally, ERAS-related nursing research in China
remains limited in both scale and methodolo-
gic rigor. Most of the current literature focuses
on evidence summarization, while high-quality
clinical studies are relatively scarce, and sam-
ple sizes are often small [90]. This limits the
clinical translation of ERAS principles and the
development of standardized guidance. In par-
ticular, well-designed randomized controlled
trials and prospective studies are relatively
scarce, which restricts the integration of preci-
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sion nursing concepts into routine clinical pra-
ctice.

Discussion

Analysis of fundamental reasons for differ-
ences in ERAS implementation

Global practice has demonstrated that ERAS
can effectively promote postoperative recovery
and reduce patient discomfort. However, in
breast surgery, significant differences remain
between China and many western countries in
the promotion and implementation of ERAS.
In-depth analysis shows that these differenc-
es stem from systemic factors, many of which
are closely related to medical architecture and
development stage of China’s healthcare sys-
tem. The key determinants can be summarized
as follows.

First of all, ERAS implementation is highly
dependent on medical resources and infra-
structure support [98]. In most Western medi-
cal systems, resource distribution is relatively
balanced, facilitating standardized ERAS im-
plementation. In contrast, China’s tiered health-
care system and pronounced regional dispari-
ties present significant challenges. High-quality
medical resources remain concentrated in ma-
jor urban tertiary hospitals, whereas primary
and secondary institutions-particularly in less-
developed regions-often lack adequate equip-
ment and infrastructure. This imbalance re-
stricts the equitable dissemination of ERAS
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nationwide and limits its standardized appli-
cation.

Second, ERAS effectiveness depends on
well-trained and experienced multidisciplinary
teams [99]. In western countries, breast sur-
gery teams typically receive earlier exposure
to structured ERAS training and protocols. In
China, although some leading tertiary centers
are accumulating experience, the dissemina-
tion of professional knowledge is limited by the
uneven access to graded medical system and
continuing education. Consequently, hospitals
at various levels and in different regions vary
substantially in their understanding and imple-
mentation of ERAS principles.

Third, hospital management systems and poli-
cy support are critical drivers of ERAS adop-
tion. In many western countries, ERAS pro-
grams benefit from dedicated policy endorse-
ment, reimbursement mechanisms, and target-
ed funding. Although China’s current national
health policies increasingly emphasize improv-
ing the efficiency and quality of health care ser-
vices, challenges remain in effectively trans-
forming policy goals into operational ERAS
programs with high coordination and financial
support. In addition, rigid administrative struc-
tures in some hospitals may slow the adop-
tion of innovative perioperative care models,
thereby comprising overall implementation ef-
ficiency.

Fourth, technological capacity represents an-
other important determinant. Western health-
care systems have established mature infra-
structures capable of supporting real-time
monitoring, data integration, and personalized
care. In China, despite rapid advances in medi-
cal informatization, substantial technological
disparities persist across hospital tiers. Many
institutions still lack integrated data platforms
and intelligent monitoring systems, limiting
the optimization and sustainability of ERAS
pathways.

Finally, both public awareness and profession-
al acceptance influence ERAS implementation.
Patients’ understanding of breast cancer and
ERAS concepts affects participation and ad-
herence. In western society, public awareness
and social acceptance are generally higher. In
China, awareness of ERAS remains relatively
limited among both the public and some health-
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care providers, particularly in non-tertiary in-
stitutions. Strengthening education for both
patients and professionals is therefore essen-
tial for broader implementation.

Impact and suggestions on nursing practice in
China

To address these challenges and accelerate
the implementation of ERAS in breast surgery,
nursing practice in China should focus on sev-
eral improvement strategies. First of all, pro-
fessional education and training should be vig-
orously strengthened. The competencies of
nursing staff in ERAS must be enhanced
beyond basic knowledge to include evidence-
based practice, precise health concepts, and
related supporting technologies. Hospitals and
nursing administration departments should
develop systematic, tiered training programs
ranging from foundational ERAS concepts of
general nurses to advanced competencies for
ERAS nursing coordinators. Participation in do-
mestic and international academic exchange
programs should also be encouraged to pro-
mote knowledge dissemination and profession-
al development.

Second, greater emphasis should be placed on
the adoption of appropriate clinical technolo-
gies. Reducing the technological gap remains a
priority. Funds should be invested to introduce
practical and scalable tools, such as mobile
health platforms for real-time monitoring and
health education, and basic data management
software. Even in resource-limited settings,
gradual deployment of these technologies sh-
ould be pursued. At the same time, relevant
policies should be formulated and financial
support should be provided to ensure that
medical institutions at all levels can obtain
technical resources fairly, thus providing strong
support for data-based personalized nursing
services.

Moreover, it is necessary to build a standar-
dized multidisciplinary collaboration mecha-
nism. Effective ERAS implementation relies on
close collaboration among surgeons, anesthe-
siologists, nutritionists, and nursing teams.
Hospitals should formalize collaborative mo-
del, clarify communication pathways, and or-
ganize regular multidisciplinary team meetings
that include nursing participation in decision-
making. Clearly defining the specific roles and
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responsibilities of nurses in the team is condu-
cive to transition from task-oriented caregivers
to proactive coordinators of perioperative care,
ultimately improving patient outcomes and
safety.

Fourth, practice-based nursing research should
be strengthened. The formulation of locally
applicable evidence-based guidelines depends
on high-quality nursing research. Nursing re-
search should prioritize real-world clinical issu-
es, such as evaluation of ERAS-related nur-
sing interventions in Chinese hospitals and the
development of context-appropriate outcome
indicators. Encouraging nurse participation in
quality improvement projects and clinical re-
search can enhance research capacity and pro-
vide valuable insights for clinical practice.

Finally, patient and public participation should
be further improved. In order to help patients
better understand ERAS, nurses can take the
lead in patient education by delivering cultural-
ly appropriate, easy-to-understand educational
materials and disseminating them through
both offline channels and online digital plat-
forms. Collaboration with community organiza-
tions can expand health education beyond hos-
pitals, thereby improving public awareness, ac-
ceptance, and adherence to ERAS principles.

Future research directions

Future scholarly efforts should focus on bridg-
ing the existing knowledge gaps and providing
a theoretical framework for continued advan-
cement of ERAS. A key area is precision nur-
sing science, which can combine biomarkers,
patient-reported outcomes, and predictive mo-
dels to stratify recovery risks of breast cancer
patients and formulate personalized perio-
perative care plans accordingly. In particular,
research should target the unique characteris-
tics of Chinese patients and the availability of
local medical resources to establish and vali-
date a precise nursing pathway tailored to this
population.

The interdisciplinary cooperation model also
warrants further exploration. Future resear-
ch could assess the practical effects of vari-
ous multidisciplinary collaboration models in
Chinese hospitals, such as comparing on-site
and remote collaboration. Additionally, it is cru-
cial to examine the obstacles to effective team
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communication and shared decision-making,
aiming to establish a more efficient coopera-
tion framework that enhances treatment ad-
herence and patient rehabilitation outcomes.

Equally important is the systematical evalua-
tion and implementation of scientific research.
An ERAS nursing quality evaluation system
should be developed, covering multiple dimen-
sions such as clinical outcomes, patient ex-
perience, and economic considerations. Such
research will help identify the best practices for
promoting and sustaining ERAS nursing across
diverse medical setting.

Finally, attention should be paid to health equi-
ty and the local adaptability of the ERAS mo-
del. Relevant research should explore the
potential impact of ERAS promotion on health-
care fairness. At the same time, it is necessary
to explore how to make appropriate adjust-
ments to the ERAS principle according to the
characteristics of different patient groups (such
as rural residents and the elderly) and the actu-
al situation of hospitals at different levels. The
purpose is to ensure that the ERAS benefits
are accessible and applicable to all segments
of the population.

Conclusion

The application of ERAS in breast surgery has
become an important part of modern surgical
treatment. It plays a critical role in promoting
early recovery and reducing postoperative com-
plications. A comparative analysis of ERAS
development in China and abroad highlights
some challenges faced by China, yet significant
positive changes are taking place. Professional
training for nursing staff has been continuous-
ly strengthened, multidisciplinary collaboration
mechanisms are being strengthened, and pa-
tient education systems are continuously im-
proving. These advancements have created
extremely favorable conditions for the wide-
spread adoption and implementation of ERAS
principles.

Looking forward, China needs to focus on
developing personalized and precision man-
agement within the ERAS framework. By align-
ing ERAS implementation with the country’s
specific healthcare context, efforts should be
made to optimize key components of the proto-
col, ensuring its broader application in breast
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cancer surgery. In addition, leveraging inter-
disciplinary cooperation and continuous tech-
nological innovation will further enhance the
effectiveness of ERAS, to improving treatment
outcomes and QoL of breast cancer patients,
thus bringing substantial benefits to patients.

Disclosure of conflict of interest
None.

Address correspondence to: Xiuyun Wang, Divi-
sion of Abdominal Tumor, Department of Medical
Oncology, Cancer Center, West China Hospital,
Sichuan University, No. 37 Guoxue Alley, Chengdu
610041, Sichuan, China. E-mail: wangxiuyun053@
163.com

References

[1] Bray F, Laversanne M, Sung H, Ferlay J, Siegel
RL, Soerjomataram | and Jemal A. Global can-
cer statistics 2022: GLOBOCAN estimates of
incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2024;
74: 229-263.

[21 Mo M, Wang ZZ, ZhengY and Zhang J. Analysis
of the epidemiological characteristics of breast
cancer in 2022 globally and in China. J Naval
Medical University 2025; 46: 497-503.

[3] Arnold M, Morgan E, Rumgay H, Mafra A, Singh
D, Laversanne M, Vignat J, Gralow JR, Cardoso
F, Siesling S and Soerjomataram I. Current and
future burden of breast cancer: global statis-
tics for 2020 and 2040. Breast 2022; 66: 15-
23.

[4]  Zhou XY, Wang X, Li YJ, Wu YJ, Wang L, Wang H
and Shi JF. The disease burden and economic
burden of breast cancer among Chinese wom-
en: a systematic integration analysis. Chin J
Epidemiol 2024; 45: 1185-1196.

[6] Waks AG and Winer EP. Breast cancer treat-
ment: a review. JAMA 2019; 321: 288-300.

[6] Rossi C, Maggiore C, Rossi MM, Filippone A,
Guarino D, Di Micco A, Forcina L and Magno S.
A model of an integrative approach to breast
cancer patients. Integr Cancer Ther 2021; 20:
15347354211040826.

[71 Cakmak GK, Emiroglu S, Sezer A, Canturk NZ,
Yeniay L, Kuru B, Karanlik H, Soyder A, Gokgoz
S, Sakman G, Ucuncu M, Akcay MN, Girgin S,
Gurdal SO, Emiroglu M, Ozbas S, 0Oz AB, Arici C,
Toktas O, Demircan O, Calik A, Polat AK, Maral-
can G, Demirer S and Ozmen V. Surgical trends
in breast cancer in turkey: an increase in
breast-conserving surgery. JCO Glob Oncol
2020; 6: 285-292.

2345

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Liu J, Zhu Z, Hua Z, Lin W, Weng Y, Lin J, Mao H,
Lin L, Chen X and Guo J. Radiotherapy refusal
in breast cancer with breast-conserving sur-
gery. Radiat Oncol 2023; 18: 130.

Nzengue JC and Martin VT. Standardizing tis-
sue preservation in breast-conserving surgery:
ultrasound guidance reduces resection vol-
umes by 40% compared to palpation. World J
Surg 2025; 49: 3026-3034.

Adwall L, Pantiora E, Hultin H and Norlen O. As-
sociation of postoperative infection and onco-
logical outcome after breast cancer surgery.
BJS Open 2021; 5: zrab052.

Rosenblom MF, Reme SE and Jacobsen HB.
The role of negative affect and experiential
avoidance in postsurgical pain and fatigue
among Norwegian women with breast cancer.
Eur J Pain 2025; 29: e4788.

LiY, MaY, Hou S, Zhang X, Chen Y, Ma Y, Tang
L, Zhang X, Lu Z and Qiu J. Study on the rela-
tionship between lymphedema stage and re-
lated symptoms in patients with breast cancer
after surgery. Gland Surg 2025; 14: 358-367.
Kehlet H. Multimodal approach to control post-
operative pathophysiology and rehabilitation.
Br J Anaesth 1997; 78: 606-617.

Lemanu DP, Singh PP, Stowers MD and Hill AG.
A systematic review to assess cost effective-
ness of enhanced recovery after surgery pro-
grammes in colorectal surgery. Colorectal Dis
2014; 16: 338-346.

Stowers MD, Lemanu DP and Hill AG. Health
economics in enhanced recovery after surgery
programs. Can J Anaesth 2015; 62: 219-230.
Gustafsson UO, Scott MJ, Hubner M, Nygren J,
Demartines N, Francis N, Rockall TA, Young-
Fadok TM, Hill AG, Soop M, de Boer HD, Urman
RD, Chang GJ, Fichera A, Kessler H, Grass F,
Whang EE, Fawcett WJ, Carli F, Lobo DN, Roll-
ins KE, Balfour A, Baldini G, Riedel B and
Ljunggvist O. Guidelines for perioperative care
in elective colorectal surgery: enhanced recov-
ery after surgery (ERAS((R))) society recom-
mendations: 2018. World J Surg 2019; 43:
659-695.

Nelson G, Altman AD, Nick A, Meyer LA,
Ramirez PT, Achtari C, Antrobus J, Huang J,
Scott M, Wijk L, Acheson N, Ljungqvist O and
Dowdy SC. Guidelines for postoperative care in
gynecologic/oncology surgery: enhanced re-
covery after surgery (ERAS(R)) Society recom-
mendations--Part Il. Gynecol Oncol 2016; 140:
323-332.

Nelson G, Bakkum-Gamez J, Kalogera E, Gla-
ser G, Altman A, Meyer LA, Taylor JS, Iniesta M,
Lasala J, Mena G, Scott M, Gillis C, Elias K, Wijk
L, Huang J, Nygren J, Ljungqvist O, Ramirez PT
and Dowdy SC. Guidelines for perioperative
care in gynecologic/oncology: enhanced recov-

Am J Transl Res 2026;18(3):2334-2350


mailto:wangxiuyun053@163.com
mailto:wangxiuyun053@163.com

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Enhanced recovery after breast surgery

ery after surgery (ERAS) Society recommenda-
tions-2019 update. Int J Gynecol Cancer 2019;
29: 651-668.

Nelson G, Fotopoulou C, Taylor J, Glaser G,
Bakkum-Gamez J, Meyer LA, Stone R, Mena G,
Elias KM, Altman AD, Bisch SP, Ramirez PT and
Dowdy SC. Enhanced recovery after surgery
(ERAS®) society guidelines for gynecologic on-
cology: addressing implementation challeng-
es-2023 update. Gynecol Oncol 2023; 173:
58-67.

Bisch SP, Jago CA, Kalogera E, Ganshorn H,
Meyer LA, Ramirez PT, Dowdy SC and Nelson
G. Outcomes of enhanced recovery after sur-
gery (ERAS) in gynecologic oncology - a system-
atic review and meta-analysis. Gynecol Oncol
2021; 161: 46-55.

Piler T, Schauer M, Larisch C, Riedel J, Neu R,
Hofmann HS and Ried M. Priorities and strate-
gy for the implementation of enhanced recov-
ery after surgery (ERAS) in thoracic surgery. J
Thorac Dis 2024; 16: 4165-4173.

Meillat H, Du Castel H, Aubert M, Brun C, de
Chaisemartin C, Faucher M and Lelong B. In-
tracorporeal anastomosis and ERAS program:
the winning combination of optimized postop-
erative outcomes after laparoscopic right col-
ectomy. Surg Laparosc Endosc Percutan Tech
2023; 33: 533-539.

Pintault C, Pondaven A, Lebechec A, Jugan A,
Coudriou C, De Berti M and Ouldamer L. Imple-
mentation of enhanced recovery after surgery
pathway for patients undergoing mastectomy.
J Gynecol Obstet Hum Reprod 2023; 52:
102600.

Sulejmani P, Lunt L, Mazur M, Coogan A,
Steuer A, O’Donoghue C and Madrigrano A. En-
hanced recovery after surgery and postopera-
tive nausea and length of stay in mastectomy
patients with reconstruction. J Surg Res 2023;
289: 158-163.

Smith TW Jr, Wang X, Singer MA, Godellas CV
and Vaince FT. Enhanced recovery after sur-
gery: a clinical review of implementation ac-
ross multiple surgical subspecialties. Am J
Surg 2020; 219: 530-534.

Obayemi A Jr and Tatum SA. Enhanced Recov-
ery after Surgery (ERAS) protocols in cranio-
maxillofacial surgery: an evidence-based re-
view. Curr Opin Otolaryngol Head Neck Surg
2022; 30: 265-269.

Miao X, Tao L, Huang L, Li J and Pan S. Applica-
tion of Laparoscopy Combined with enhanced
recovery after surgery (ERAS) in acute intesti-
nal obstruction and analysis of prognostic fac-
tors: a retrospective cohort study. Biomed Res
Int 2022; 2022: 5771526.

Ren L, Lv F, Min S, Jin J and Qin P. Predicting
postoperative complications in patients under-

2346

[29]

(30]

(31]

(32]

(33]

[34]

(35]

(36]

(37]

going colorectal surgery with an enhanced re-
covery pathway. World J Surg 2023; 47: 3000-
3011.

Ali A, Gupta B, Johansen P, Santiago RB, Da-
becco R, Mandel M, Adada B, Botero J, Roy M
and Borghei-Razavi H. Enhanced recovery af-
ter surgery in patients with normal pressure
hydrocephalus undergoing ventriculoperitone-
al shunting procedures. Clin Neurol Neurosurg
2023; 230: 107757.

Yang Q, Yang H, Zhao J and Ren L. Enhanced
recovery after surgery (ERAS) rehabilitation
protocols significantly improve postoperative
pain and recovery in ankle fracture surgery.
Ther Clin Risk Manag 2025; 841-850.

Yang L, Zhao J, Fang X, Hu Y, Sang X, Ling H,
Zhu L and Chen J. Enhanced recovery after
surgery (ERAS) in lung transplantation. Asian J
Surg 2025; 49: 12-19.

King PM, Blazeby JM, Ewings P, Longman RJ,
Kipling RM, Franks PJ, Sheffield JP, Evans LB,
Soulsby M, Bulley SH and Kennedy RH. The in-
fluence of an enhanced recovery programme
on clinical outcomes, costs and quality of life
after surgery for colorectal cancer. Colorectal
Dis 2006; 8: 506-513.

Matovinovic K, Metcalfe A, Altman AD, Wilson
RD and Nelson G. Canadian enhanced recov-
ery after surgery (ERAS) cesarean delivery
perioperative management survey. J Obstet
Gynaecol Can 2022; 44: 77-81, e74.

Irani JL, Hedrick TL, Miller TE, Lee L, Steinha-
gen E, Shogan BD, Goldberg JE, Feingold DL,
Lightner AL and Paquette IM. Clinical practice
guidelines for enhanced recovery after colon
and rectal surgery from the American society
of colon and rectal surgeons and the society of
American gastrointestinal and endoscopic sur-
geons. Dis Colon Rectum 2023; 66: 15-40.
Tang J, Liu X, Ma T, Lv X, Jiang W, Zhang J, Lu C,
Chen H, Li W, Li H, Xie H, Du C, Geng Q, Feng J
and Tang W. Application of enhanced recovery
after surgery during the perioperative period in
infants with Hirschsprung’s disease - a multi-
center randomized clinical trial. Clin Nutr
2020; 39: 2062-2069.

Zheng Y, Mao M, Li F, Wang L, Zhang X, Zhang
X, Wang H, Zhou H, Ji M, Wang Y, Liu L, Zhu Q,
Reinhardt JD and Lu X. Effects of enhanced re-
covery after surgery plus pulmonary rehabilita-
tion on complications after video-assisted lung
cancer surgery: a multicentre randomised con-
trolled trial. Thorax 2023; 78: 574-586.
Gustafsson UO, Scott MJ, Hubner M, Nygren J,
Demartines N, Francis N, Rockall TA, Young-
Fadok TM, Hill AG, Soop M, de Boer HD, Urman
RD, Chang GJ, Fichera A, Kessler H, Grass F,
Whang EE, Fawcett WJ, Carli F, Lobo DN, Roll-
ins KE, Balfour A, Baldini G, Riedel B and

Am J Transl Res 2026;18(3):2334-2350



(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

2347

Enhanced recovery after breast surgery

Ljunggvist O. Guidelines for perioperative care
in elective colorectal surgery: enhanced recov-
ery after surgery (ERAS O) Society recommen-
dations. World J Surg 2019; 43: 659-695.
Temple-Oberle C, Shea-Budgell MA, Tan M,
Semple JL, Schrag C, Barreto M, Blondeel P,
Hamming J, Dayan J and Ljungqvist O; ERAS
Society. Consensus review of optimal periop-
erative care in breast reconstruction: en-
hanced recovery after surgery (ERAS) society
recommendations. Plast Reconstr Surg 2017;
139: 1056e-1071e.

Stone JP, Siotos C, Sarmiento S, Temple-Oberle
C, Aliu O, Cooney DS, Broderick KP, Sacks JM,
Manahan MA and Rosson GD. Implementing
our microsurgical breast reconstruction en-
hanced recovery after surgery pathway: con-
sensus obstacles and recommendations. Plast
Reconstr Surg Glob Open 2019; 7: e1855.
Mui J, Cheng E and Salindera S. Enhanced re-
covery after surgery for oncological breast sur-
gery reduces length of stay in a resource limit-
ed setting. ANZ J Surg 2024; 94: 1096-1101.
Tecce MG, Hahn L, Welch B, Okawa D, Wendler
DJ, Kalva S, Balachandran M, Delgado MK,
Snider CK and Flynn D. How Penn Medicine
reimagined breast reconstruction, shifting the
balance of postoperative care from clinic to
home. NEJM Catal Innov Care Deliv 2021: 1.
Wyse R, Smith S, Zucca A, Fakes K, Mansfield
E, Johnston SA, Robinson S, Oldmeadow C,
Reeves P, Carey ML, Norton G and Sanson-
Fisher RW. Effectiveness and cost-effective-
ness of a digital health intervention to support
patients with colorectal cancer prepare for and
recover from surgery: study protocol of the
RecoverEsupport randomised controlled trial.
BMJ Open 2023; 13: e067150.

Sansalone E, Zucca A, Duncan MJ, Morris O,
Smith SR, Robinson S, Chenery R, Moore H,
Viana da Silva P, Riley L, Palazzi-Parsons A,
Reeves P, Oldmeadow C and Wyse R. Study
protocol of a pilot randomised controlled trial
assessing the feasibility and acceptability of
RecoverEsupport: a digital health intervention
to enhance recovery in women undergoing
surgery for breast cancer. BMJ Open 2025; 15:
e093869.

Chinese ERAS Society. Expert consensus on
perioperative management of enhanced re-
covery after surgery in China (2016). Chin J
Surg 2016; 54: 413-418.

Li XL, Li Q, Lu LH and Liu QY. Application of the
concept of enhanced recovery after surgery in
postoperative rehabilitation of breast cancer.
Anhui Med J 2018; 39: 884-886.

Ma XJ, He LL and Gong XL. Application effect of
the enhanced recovery after surgery concept
in the rehabilitation of patients undergoing au-

[47]

(48]

[49]

(50]

[51]

(52]

(53]

(54]

[55]

(56]

[57]

tologous breast reconstruction. Anhui Med J
2019; 40: 829-832.

Li Y. Discussion on the application value of en-
hanced recovery after surgery (ERAS) nursing
in perioperative care for breast cancer. Chin
Med Guide 2020; 18: 227-228.

Jia L, Wang L, Ma FY, Li XQ and Ma JH. Evi-
dence-based nursing practice of enhanced re-
covery after surgery in reducing postopera-
tive complications in breast cancer patients.
Shanxi Med J 2020; 49: 2213-2216.

Zhao QP, Zheng XC, Cao B, Zhao Q, Chen J,
Yang HP, Zhang XZ, Li S and Yang P. Application
of an enhanced recovery after surgery (ERAS)
comprehensive nursing program in the care of
patients undergoing elective surgery for breast
cancer. Nurs Res 2021; 35: 695-699.

Li HL and Zhao H. The effect of perioperative
enhanced recovery after surgery (ERAS) nurs-
ing on the postoperative daily living activities
of breast cancer patients. Clin Med Res Pract
2023; 8: 136-138.

Zhang QH, Song QY, Shen JC and Li ZZ. Re-
search progress on discharge readiness of
breast cancer patients after surgery under the
enhanced recovery after surgery (ERAS) mod-
el. Evid Based Nurs 2023; 9: 3486-3489.

De Luca R, Gianotti L, Pedrazzoli P, Brunetti O,
Rizzo A, Sandini M, Paiella S, Pecorelli N, Pug-
liese L, Pietrabissa A, Zerbi A, Salvia R, Boggi
U, Casirati A, Falconi M and Caccialanza R. Im-
munonutrition and prehabilitation in pancre-
atic cancer surgery: a new concept in the era
of ERAS(R) and neoadjuvant treatment. Eur J
Surg Oncol 2023; 49: 542-549.

Rauf F. FTP4. 8 a survey on enhanced recovery
after surgery (ERAS) in Pakistan. Br J Surg
2023; 110.

Haddock NT, Cummins S, Lakatta AC, Teotia
SS and Farr D. Enhanced recovery after sur-
gery (ERAS) with exparel in tissue expander-
based breast reconstruction following mastec-
tomy. Aesthet Surg J 2024; 44: S15-S21.
Stahl S, Santos Stahl A, Feng YS, Estler A, Bui-
culescu F and Seabra Robalo Gomes Jorge AC.
Enhanced recovery after surgery (ERAS) path-
ways for aesthetic breast surgery: a pros-
pective cohort study on patient-reported out-
comes. Aesthetic Plast Surg 2024; 48: 84-94.
Xing J, Gong C, Wu B, Li Y, Liu L, Yang P, Wang
T, Hei Z, Zhou S and Chen C. Effect of an edu-
cational video about ERAS on reducing preop-
erative anxiety and promoting recovery. Heli-
yon 2023; 9: €20536.

Haas EJ, Hamzeh BF, Aryanpour Z, Yu JW,
Mathes DW and Kaoutzanis C. Improving the
patient experience in breast reconstruction:
ERAS and beyond. J Clin Med 2025; 14: 5595.

Am J Transl Res 2026;18(3):2334-2350



(58]

(59]

[60]

[61]

[62]

[63]

[64]

[65]

(66]

[67]

Enhanced recovery after breast surgery

Jones BA, Wood L, Smith BP, Hollis RH, Rubyan
M and Chu DI. Preoperative education is asso-
ciated with adherence to individual compo-
nents of enhanced recovery. Clin Nutr ESPEN
2023; 57: 788-789.

Powers BK, Ponder HL, Findley R, Wolfe R, Pa-
tel GP and Parrish RH 2"; Enhanced Recovery
Comparative Pharmacotherapy Collaborative.
Enhanced recovery after surgery (ERAS((R)))
Society abdominal and thoracic surgery rec-
ommendations: a systematic review and com-
parison of guidelines for perioperative and
pharmacotherapy core items. World J Surg
2024; 48: 509-523.

Hanssen D, Champion N, Ngo J, Palfi S, Whit-
ing J, Sun W, Laronga C, Sam C and Lee MC.
Frailty and malnutrition in surgical outcomes
of elderly breast cancer patients. J Surg Oncol
2025; 131: 349-355.

Robinson LA, Tanvetyanon T, Grubbs D, Robin-
son NA, Pierce CM, McCarthy K, Garcia-Getting
R and Patel S. Preoperative nutrition-enhanced
recovery after surgery protocol for thoracic
neoplasms. J Thorac Cardiovasc Surg 2021;
162: 710-720, e711.

Yeung SE, Hilkewich L, Gillis C, Heine JA and
Fenton TR. Protein intakes are associated with
reduced length of stay: a comparison between
enhanced recovery after surgery (ERAS) and
conventional care after elective colorectal sur-
gery. Am J Clin Nutr 2017; 106: 44-51.

Xuan C, Yan W, Wang D, Mueller A, Ma H and
Wang J. Effect of preemptive acetaminophen
on opioid consumption: a meta-analysis. Pain
Physician 2021; 24: E153-E160.

Xuan C, Yan W, Wang D, Li C, Ma H, Mueller A,
Chin V, Houle TT and Wang J. Efficacy of pre-
emptive analgesia treatments for the manage-
ment of postoperative pain: a network meta-
analysis. Br J Anaesth 2022; 129: 946-958.
Gan TJ, Belani KG, Bergese S, Chung F, Die-
munsch P, Habib AS, Jin Z, Kovac AL, Meyer TA,
Urman RD, Apfel CC, Ayad S, Beagley L, Can-
diotti K, Englesakis M, Hedrick TL, Kranke P,
Lee S, Lipman D, Minkowitz HS, Morton J and
Philip BK. Fourth consensus guidelines for
the management of postoperative nausea and
vomiting. Anesth Analg 2020; 131: 411-448.
Tat Bang H, Thanh Vy T and Tap NV. Length of
postoperative hospital stay and related fac-
tors after lobectomy for lung cancer: a pre-en-
hanced recovery after surgery (ERAS) single
center assessment. Cureus 2024; 16: e54724.
Ortega M, Taboada M, Dotson E, James K, Sil-
fen A, Kim-Ortega Y, Weinstein M and Ellis D.
Preoperative analgesia in Midurethral sling: a
cohort study. Int Urogynecol J 2025; 36: 2011-
2017.

2348

(68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[(77]

Banks CA, Novak Z, Beck AW, Pearce BJ, Pat-
terson MA, Passman MA, Sutzko DC, Tarig M,
Morgan M and Spangler EL. Investigating gly-
cemic control in patients undergoing lower ex-
tremity bypass within an enhanced recovery
pathway at a single institution. J Vasc Surg
2023; 78: 754-763.

Marsman M, Kappen TH, Vernooij LM, van der
Hout EC, van Waes JA and van Klei WA. Asso-
ciation of a liberal fasting policy of clear fluids
before surgery with fasting duration and pa-
tient well-being and safety. JAMA Surg 2023;
158: 254-263.

Murphy BL, Pereslucha A and Boughey JC. Cur-
rent considerations in surgical treatment for
adolescents and young women with breast
cancer. Healthcare (Basel) 2022; 10: 2542.
Wong HY, Pilling R, Young BWM, Owolabi AA,
Onwochei DN and Desai N. Comparison of
local and regional anesthesia modalities in
breast surgery: a systematic review and net-
work meta-analysis. J Clin Anesth 2021; 72:
110274.

Martsiniv VV, Loskutov AO, Strokan MA, Py-
lypenko MM and Bondar VM. Efficacy of pecto-
ral nerve block type Il versus thoracic paraver-
tebral block for analgesia in breast cancer
surgery. Klin Onkol 2020; 33: 296-301.
Sagun A, Rumeli S, Ozdemir L, Azizoglu M, Ber-
kesoglu M and Mutlu V. Intraoperative pectoral
block versus thoracic paravertebral block for
postoperative analgesia after breast cancer
surgery: a randomized controlled trial. J Surg
Oncol 2022; 126: 425-432.

Rice D, Rodriguez-Restrepo A, Mena G, Cata J,
Thall P, Milton D, Correa A, Woodard T, An-
tonoff M, Hofstetter W, Roth J, Sepesi B, Swish-
er S, Walsh G, Vaporciyan A and Mehran R.
Matched pairs comparison of an enhanced
recovery pathway versus conventional man-
agement on opioid exposure and pain control
in patients undergoing lung surgery. Ann Surg
2021; 274: 1099-1106.

Fernandez S, Trombert-Paviot B, Raia-Barjat T
and Chauleur C. Impact of enhanced recovery
after surgery (ERAS) program in gynecologic
oncology and patient satisfaction. J Gynecol
Obstet Hum Reprod 2023; 52: 102528.
Prabhu SS, Driscoll CR, Davidson AL, Peoples
AE and Katz AJ. The effects of prolonged intra-
operative hypothermia on patient outcomes in
immediate implant-based breast reconstruc-
tion. J Plast Reconstr Aesthet Surg 2023; 77:
1-7.

Polanco TO, Shamsunder MG, Hicks MEV, Sei-
er KP, Tan KS, Oskar S, Dayan JH, Disa JJ,
Mehrara BJ, Allen RJ Jr, Nelson JA and Afonso
AM. Goal-directed fluid therapy in autologous
breast reconstruction results in less fluid and

Am J Transl Res 2026;18(3):2334-2350



[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

(86]

Enhanced recovery after breast surgery

more vasopressor administration without out-
come compromise. J Plast Reconstr Aesthet
Surg 2021; 74: 2227-2236.

Wang X, Wang N, Wang X, Wei X, Ma M, SunY,
Ren D, Liu 'Y, Guo Y, Wang R and Chen Y. Appli-
cation value of goal-directed fluid therapy with
ERAS in patients undergoing radical lung can-
cer surgery. Am J Transl Res 2021; 13: 8186-
8192.

Chishom TA, Andersen ES, Juan HY, Lele S,
Coots LB and Mountziaris PM. Impact of intra-
operative hypothermia on autologous breast
reconstruction. Ann Plast Surg 2023; 90 Suppl
4:S342-S349.

Ding Y, Zhou L, Shan L, Zhang W, Li P, Cong B,
Tian Z, Zhao Y and Zhao X. Video-assisted tho-
racoscopic lung resection with or without en-
hanced recovery after surgery: a single institu-
tion, prospective randomized controlled study.
Front Oncol 2024; 14: 1474438.

Yin J, Wang GN, Qiang WM and Ding BW. Ex-
pert consensus on enhanced recovery after
surgery for breast reconstruction in China
(2022 edition). Chin Clin Oncol 2023; 50: 379-
384.

Jain SN, Lamture Y and Krishna M. Enhanced
recovery after surgery: exploring the advances
and strategies. Cureus 2023; 15: e47237.
Alabaster K, Homsy C, Puyana S, Higgins M,
Ferrin P, Mulcahey MK and Chaffin A. Exercise
after breast reconstruction surgery: evaluating
current trends and practices of U.S. plastic sur-
geons. Plast Reconstr Surg Glob Open 2021;
9: e3857.

Chin K, Warnberg F, Kovacs A and Olofsson
Bagge R. Impact of surgical care bundle on
surgical site infection after non-reconstructive
breast cancer surgery: a single-centre retro-
spective comparative cohort study. Cancers
(Basel) 2023; 15: 919.

van Bodegraven EA, Balduzzi A, van Rams-
horst TME, Malleo G, Vissers FL, van Hilst J,
Festen S, Abu Hilal M, Asbun HJ, Michiels N,
Koerkamp BG, Busch ORC, Daams F, Luyer
MDP, Ramera M, Marchegiani G, Klaase JM,
Molenaar 1Q, de Pastena M, Lionetto G, Vacca
PG, van Santvoort HC, Stommel MWJ, Lips DJ,
Coolsen MME, Mieog JSD, Salvia R, van Eijck
CHJ and Besselink MG; Dutch Pancreatic
Cancer Group. Prophylactic abdominal drain-
age after distal pancreatectomy (PANDORINA):
an international, multicentre, open-label, ran-
domised controlled, non-inferiority trial. Lancet
Gastroenterol Hepatol 2024; 9: 438-447.
Guadagni S, Catarci M, Masedu F, Karim ME,
Clementi M, Ruffo G, Viola MG, Borghi F,
Baldazzi G, Scatizzi M, Pirozzi F, Delrio P, Ga-
rulli G, Marini P, Campagnacci R, De Luca R,
Ficari F, Sica G, Scabini S, Liverani A, Caricato

2349

(88]

(89]

[90]

[92]

(93]

[95]

M and Patriti A; Italian ColoRectal Anastomotic
Leakage (iCral) study group. Abdominal drain-
age after elective colorectal surgery: propensi-
ty score-matched retrospective analysis of an
Italian cohort. BJS Open 2024; 8: zrad107.
Weindelmayer J, Mengardo V, Ascari F, Baioc-
chi GL, Casadei R, De Palma GD, De Pascale S,
Elmore U, Ferrari GC, Framarini M, Gelmini R,
Gualtierotti M, Marchesi F, Milone M, Puca L,
Reddavid R, Rosati R, Solaini L, Torroni L, To-
taro L, Veltri A, Verlato G and de Manzoni G;
Italian Research Group for Gastric Cancer. Pro-
phylactic drain placement and postoperative
invasive procedures after gastrectomy: the ab-
dominal drain after gastrectomy (ADIGE) ran-
domized clinical trial. JAMA Surg 2025; 160:
135-143.

Jogerst K, Thomas O, Kosiorek HE, Gray R, Cro-
nin P, Casey W 3rd, Rebecca A, Craner R,
Young-Fadok T and Pockaj B. Same-day dis-
charge after mastectomy: breast cancer sur-
gery in the era of ERAS((R)). Ann Surg Oncol
2020; 27: 3436-3445.

Wickenbergh E, Nilsson L, Bladh M, Kjglhede P
and Wodlin NB. Agreements on perceived use
of principles for enhanced recovery after sur-
gery between patients and nursing staff in a
gynecological ward. Eur J Obstet Gynecol Re-
prod Biol 2020; 250: 216-223.

Wainwright TW, Jakobsen DH and Kehlet H.
The current and future role of nurses within en-
hanced recovery after surgery pathways. Br J
Nurs 2022; 31: 656-659.

Gramlich L, Nelson G, Nelson A, Lagendyk L,
Gilmour LE and Wasylak T. Moving enhanced
recovery after surgery from implementation to
sustainability across a health system: a quali-
tative assessment of leadership perspectives.
BMC Health Serv Res 2020; 20: 361.

Petit A, Dugué F, Fletcher D and Martinez V.
Etude des conditions d’implantation de la ré-
cupération améliorée apres chirurgie: une
étude qualitative dans quatre établissements
de soin. Le Praticien en Anesthésie Réanima-
tion 2021; 25: 145-155.

Zhu X, Cribb E, Smith J, Ashton G and Pawa N.
891 Improvement in VTE prophylaxis and hos-
pital admission time for colorectal cancer pa-
tients following the introduction of an en-
hanced recover after surgery (ERAS) nurse. Br
J Surg 2022; 109: znac269.044.

Tong Y, Fernandez L, Bendo JA and Spivak JM.
Enhanced recovery after surgery trends in
adult spine surgery: a systematic review. Int J
Spine Surg 2020; 14: 623-640.

Xiaoyan C, Wenbin H, Li D, Lijun L, Yan Y, Ting
W, Xueyu H, Fang L, Bei W and Bilong F. Con-
struction and application of enhanced recov-
ery after surgery-optimized management sys-

Am J Transl Res 2026;18(3):2334-2350



[96]

[97]

[98]

2350

Enhanced recovery after breast surgery

tem with nurse-led multidisciplinary coopera-
tion. Nurs Open 2023; 10: 4526-4535.
Jensen BT, Retinger NL and Lauridsen SV.
From fast-track to enhanced recovery after sur-
gery in radical cystectomy pathways: a nursing
perspective. Asia Pac J Oncol Nurs 2022; 9:
100048.

Sensmeier J. Forging a path to precision
health. Nurs Manage 2022; 53: 34-38.

Kifle F, Belay E, Kifleyohanes T, Demissie B,
Galcha D, Mulye B, Presser E, Oodit R, Mas-
wime S and Biccard B. Adherence to enhanced
recovery after surgery (ERAS) with bellwether
surgical procedures in Ethiopia: a retrospec-
tive study. World J Surg 2025; 49: 1040-1050.

[99] Schmid ME, Konig H, Stumm J and Girdauskas

E. Perceptions and experiences of healthcare
professionals in implementing an ERAS proto-
col for minimally invasive heart valve surgery:
a qualitative analysis. Front Cardiovasc Med
2025; 12: 1407284.

Am J Transl Res 2026;18(3):2334-2350



