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Recent guidelines have produced a consensus statement for perioperative care in hip and knee replacement. However,
there is still a need for reanalysis of the evidence and recommendations. Therefore, we retrieved and reanalyzed the evi-
dence of each recommended components of enhanced recovery after surgery (ERAS) based on the guidelines of total
joint arthroplasty. For each one, we included for the highest levels of evidence and those systematic reviews and meta-
analyses were preferred. The full texts were analyzed and the evidence of all components were summarized. We found
that most of the recommended components of ERAS are supported by evidence, however, the implementation details of
each recommended components need to be further optimized. Therefore, implementation of a full ERAS program may
maximize the benefits of our clinical practice but this combined effect still needs to be further determined.
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Introduction

Enhanced recovery after surgery (ERAS) aims to stan-
dardize perioperative management and improve clinical

outcomes and has been most widely developed in orthopedic
surgery in recent years. Implementation of the ERAS pathway
enables faster and more efficient recovery in total joint
arthroplasty (TJA). Studies1,2 have shown that the adoption of
ERAS significantly reduces the mortality rate, transfusion rate,
incidence of complications, and length of stay (LOS) in
patients with TJA without influencing the 30-day readmission
rate. Additionally, a recent guideline3 described ERAS for total
hip replacement and total knee replacement surgery.

The adoption of the ERAS pathway has spread informally,
although there have been some notable coordinated initiatives.
Currently, the guidelines vary by specialty but include at least
17 elements in TJA,3 which were recommended by the ERAS
Society; they are categorized into preoperative, intraoperative,
and postoperative components. The interventions were listed in
Table 1. However, the current and updated evidence and

recommendations of the recommended components still needs
to be further analyzed.4 In addition, the evidence for modern
practices and updated recommendations are barely reviewed
in previous studies.5,6 Thus, the aim of the present narrative
review is to appraise each of the recommended components
of ERAS in TJA, add the highest level of evidence of each rec-
ommendations, optimize their usage in clinical scenarios, and
provide a basis for future clinical trials.

Methods

To obtain an overview of evidence-based interventions uti-
lized in ERAS programs for TJA, we searched the rec-

ommended components of ERAS combined with total hip or
total knee arthroplasty in PubMed and Medline databases. For
each component, a search was performed for the highest levels
of evidence. The recommended interventions are listed in
Table 1. We searched for English language studies published
prior to September 2022. We included landmark studies, ran-
domized controlled trials (RCTs), systematic review, and
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meta-analysis that evaluated the influence of single or multiple
items of the ERAS guidelines over meaningful clinical end-
points. Duplicate publications, case reports, editorials, and
reviews were excluded. Two authors (CJ C and Y L) indepen-
dently assessed the eligibility of articles for inclusion in the
study. Inconsistencies were adjudicated by the senior author
(PD K) until consensus was obtained. Then, the full texts were
analyzed and the evidence of each of the components were
summarized.

Results

Preadmission Phases

Preoperative Information, Education, and Expectation
Counseling
Preoperative information enables patients to obtain the right
information and support beforehand. The guidelines rec-
ommended preoperative patient education.3 It has been

found to not only reduce preoperative anxiety but also offer
benefits in terms of pain, function, and adverse events.7 Pre-
operative patient education or counseling has been widely
used in recent ERAS protocols, including the implementation
of specific joint and/or lung function exercises and setting a
clear expectation for LOS. Furthermore, preoperative patient
education and exercise have been shown to independently
affect postoperative outcomes such as pain, function, and
LOS.8 Another two studies9,10 found that changing patient
expectations of LOS had a positive effect on LOS, which can
result in discharging patients earlier from the hospital.
Though the evidence level is still low, preoperative patient
education should be performed in terms of perioperative
exercise, rehabilitation, and expectations of LOS to reduce
patient anxiety and facilitate discharge from the hospital.

Preoperative Phases

Preoperative Optimization
The guidelines recommended smoking cessation 4 weeks or
more, alcohol cessation, and preoperative anemia correc-
tion.3 Preoperative risk factors, such as smoking, alcohol
consumption, and anemia, and low physical activity, remains
prevalent in orthopedic surgery, which may lead to compli-
cations, including poor wound healing, myocardial infarc-
tion, cardiac arrest, pneumonia, urinary tract infection,
sepsis, acute renal failure, and mortality.11–13 Optimizing
these risk factors may benefit a large proportion of TJA
patients. As for evidence, one systematic review14 found that
the use of recombinant human erythropoietin and oral iron
supplementation can reduce transfusion requirements and
LOS and found that it is cost effective in THA. One RCT15

on hip and knee replacement found a benefit of a smoking
intervention program 6–8 weeks before surgery, which can
reduce postoperative morbidities and the median length of
stay. However, no studies have assessed alcohol cessation
alone in TJA. A large retrospective study16 found that alco-
hol misuse was associated with longer hospital stays and a
higher possibility of medical- and surgery-related complica-
tions in hip and knee replacement patients. Though the over-
all level of evidence is low, preoperative optimization may
protect against postoperative complications even LOS.

Preoperative Fasting
The guidelines recommended intake of clear fluids until
2 hours before the induction of anesthesia, and a 6-hour fast
for solid food.3 Preoperative fasting is conducted for reduc-
ing the risk of aspiration at anesthesia, however, prolonged
fasting may induce catabolism and a surgical stress response,
and lead to insulin resistance, hyperglycemia, and muscle
breakdown.17 Shortened fasting time can increase patients’
postoperative comfort, improve insulin resistance, and
reduce stress responses.18 According to the updated guide-
lines for many operations,19 fasting has changed from over-
night to allowing carbohydrate drinks 2 hours before
surgery. However, few studies have assessed carbohydrate

TABLE 1 Recommended interventions for the perioperative
care of hip and knee replacement studies by ERAS Society

Number Item Evidence level

1 Preoperative information,
education and
counseling

Low

2 Preoperative optimization Smoking: High; Alcohol:
Low; Anemia: High

3 Preoperative fasting Moderate
4 Standard anesthetic

protocol
General anesthesia:

moderate; neuraxial
techniques:
Moderate

5 Use of local anesthetics for
infiltration analgesia and
nerve blocks

LIA in knee
replacement: High

6 Postoperative nausea and
vomiting

Moderate

7 Prevention of perioperative
blood loss

Tranexamic acid: High

8 Perioperative oral analgesia Paracetamol: Moderate;
NSAIDS: High

9 Maintaining normothermia High
10 Antimicrobial prophylaxis Moderate
11 Antithrombotic prophylaxis

treatment
Moderate

12 Perioperative surgical
factors

High

13 Perioperative fluid
management

Fluid balance:
Moderate

14 Postoperative nutritional
care

Low

15 Early mobilization Moderate
16 Criteria-based discharge Low
17 Continuous improvement

and audit
Low

Abbreviations: LIA: local infiltration analgesia; NSAIDs: non-steroidal anti-
inflammatory drugs.
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loading or fasting alone in TJA. Though the direct evidence
for fasting in TJA is lacking, preoperative fasting should be
specifically arranged according to the guidelines and each
patient’s surgery time.

Perioperative Oral Analgesia
Perioperative oral analgesia is one of the cornerstones of exem-
plar ERAS. The guidelines recommended routine use of para-
cetamol, Non-steroidal anti-inflammatory drugs (NSAIDs), and
oxycodone, however, gabapentinoids are not currently rec-
ommended.3 One RCT20 on TKA found that preoperative oral
rofecoxib can reduce opioid consumption, pain, vomiting, and
sleep disturbance, with improved knee range of motion.
Another RCT21 found that preoperative celecoxib exhibits bet-
ter analgesia efficacy than postoperative administration in TKA.
Although ERAS programs emphasize minimizing the use of
opioids postoperatively to minimize side effects, opioids are still
effective in reducing acute and chronic moderate-to-severe pain
after surgery. One RCT22 found that morphine/oxycodone
offers an attractive alternative to oxycodone/ acetaminophen
for the management of moderate-to-severe postoperative pain.
Though currently not recommended, perioperative pregabalin
can result in improved pain and decreased opioid consumption
for 1 week after hospital discharge for THA surgery.23 Thus,
though low overall level of evidence is existing, the benefit of
perioperative oral analgesia is consistent.

During Surgery Phases

Standard Anesthetic Protocol
The guidelines recommended for routine use of epidural
analgesia and moderately recommended use of general anes-
thesia and neuraxial techniques.3 A standardized anesthetic
protocol is a core component of TJA within the ERAS path-
way and the techniques vary. Spinal anesthesia is widely pre-
ferred. A recent meta-analysis24 found that spinal anesthesia
was associated with a significantly reduced occurrence of
nausea and length of hospital stay compared with general
anesthesia. And a network meta-analysis25 compared the
efficiency of various interventions for postoperative pain
management in THA and found that spinal anesthesia is the
best intervention to reduce pain in the first 24 hours; lumbar
plexus block is a better choice to reduce pain 12 to 48 hours
postoperatively, and neuraxial techniques have become com-
monplace in TJA.3 A meta-analysis26 and systematic review27

have found neuraxial anesthesia have reduced length of stay
and surgical site infections compared with general anesthesia,
although some of the results are conflicting. Thus, the bene-
fits of epidural analgesia are consistent, however, the effects
of neuraxial anesthesia still need to be further determined.

Use of Local Anesthetics for Infiltration Analgesia and
Nerve Blocks
The guidelines recommended use of local infiltration analge-
sia (LIA) for knee replacement but not for hip replacement,
while nerve blocks are not recommended as an essential

ERAS component.3 LIA has an advantage over nerve blocks
without motor blockade, which enables earlier ambulation.3

A meta-analysis28 published in 2018 demonstrated that local
infiltration analgesia can significantly reduce early periopera-
tive pain and total narcotic consumption compared with
placebo; however, the pain-relieving effect was short in dura-
tion. Furthermore, a meta-analysis29 published in 2020 found
that local infiltration provided superior analgesia and
morphine-sparing effects than spinal (intrathecal) analgesia
within the first 72 hours. A systematic review30 found that
regional blocks in THA can reduce postoperative pain, mor-
phine consumption, and nausea and vomiting without
influencing length of stay or rehabilitation. Thus, use of LIA
for pain control is beneficial, while whether use of nerve
blocks should consider its effects on motor blockade.

Prevention of Perioperative Blood Loss
The guidelines recommended use of tranexamic acid (TXA)
to reduce perioperative blood loss and the requirement for
postoperative allogenic blood transfusion.3 TKA and THA
have been associated with pronounced blood loss, and the
resultant anemia can lead to severe complications, such as
higher rates of postoperative infection, slower physical recov-
ery, increased length of hospital stay, and increased morbid-
ity and mortality.31 In addition, postoperative hidden blood
loss after TKA is one of the factors related to lower limb
swelling.32 Nowadays, TXA is increasingly used in total
hip and knee arthroplasties, and it has been found that TXA
is safe and effective for reducing the need for blood transfu-
sions without increasing associated complications, irrespective
of patient high-risk status at baseline.33 Moreover, several
recent meta-analyses34–38 have demonstrated that topical,
intravenous, and oral TXA all have similar positive effects in
reducing total blood loss and the need for blood transfusions
without increasing the risk of postoperative complications,
such as thromboembolic events, both in TKA and THA. The
evidence level of use of TXA in TJA is high, and it should be
therefore used.

Maintaining Normothermia
The guidelines recommended to maintain normal body tem-
perature peri- and postoperatively through pre-warming and
the active warming of patients intraoperatively.3 Periopera-
tive hypothermia is a well-known risk factor for postopera-
tive complications, especially in the elderly, as it might cause
coagulation and platelet function abnormalities, increased
cardiac morbidity, surgical site infection, and pressure ulcer
incidence levels. Research suggests that maintaining normo-
thermia helps reduce blood loss and shortens the discharge
time.39,40 Among active perioperative hypothermia preven-
tion strategies, forced-air warming and fluid warming were
the most commonly mentioned. Active warming prevents
perioperative hypothermia, of which a forced-air warming
system has been shown to be an effective way to reduce peri-
operative hypothermia.41,42 Although some scholars43 have
concerns regarding the infection risk associated with the
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forced air-warming system, a recent RCT44 found that forced
air warming results in a similar number of surgical site infec-
tions compared with resistive fabric warming; both are simi-
larly effective at maintaining normothermia. Moreover, an
RCT45 and meta-analysis46 found that the air-free warming
system and reflective blanket were as effective as forced air
warming devices in maintaining normothermia. No meta-
analysis has investigated fluid warming in TJA, although one
RCT47 found that warming infusion could reduce the inci-
dence of perioperative hypothermia and improve outcomes
(such as shorter time to spontaneous breathing, eye opening,
consciousness recovery, and extubation, and a decreased
incidence of shivering and postoperative cognitive dysfunc-
tion) in the elderly during bilateral hip replacement. Though
evidence level is comparatively low, maintaining normother-
mia via varied methods during the surgery is beneficial for
TJA patients.

Antimicrobial Prophylaxis and Skin Preparation
The guidelines recommended to receive systemic antimicrobial
prophylaxis for TJA patients.3 Infection after hip and knee
replacement is an infrequent yet serious complication, of which
antimicrobial prophylaxis plays an important role in reducing
the rate of infections. Currently, no universally defined guide-
lines have been released for antibiotic/antiseptic prophylaxis in
TJA. In current orthopedic surgery, an antimicrobial prophy-
laxis regimen is routinely used to fight against the most likely
contaminating microorganisms. A recent meta-analysis48 found
no differences in infection risk for orthopedic procedures where
implants are utilized between single and multiple doses of pro-
phylactic antibiotics, which is in line with the recent guidelines
issued by the Centers for Disease Control and Prevention
(CDC). Similarly, another meta-analysis49 confirmed the benefit
of surgical antibiotic prophylaxis utilization in total joint
arthroplasty and found that the added benefit of postoperative
surgical antibiotic prophylaxis or continuation beyond 24 hours
was not evident. Regarding the efficiency of different antimicro-
bial prophylaxis regimens, one prospective study50 evaluated
different strategies in patients undergoing TJA and regimens
including cefazolin, cefuroxime, or vancomycin, alone or com-
bined with gentamicin. They found that the evaluated regimens
showed bactericidal activity and achieved plasma levels above
the minimum inhibitory concentrations in almost all of the
intraoperative isolates, of which cefazolin and gentamicin-
containing regimens had higher serum bactericidal titers. In
addition, another two systematic reviews51,52 revealed a signifi-
cant protective effect of intrawound antibiotic powder, such as
vancomycin, for the prevention of surgical site infection with
low-quality evidence. However, in TKA, antibiotic-loaded bone
cement was not recommended because one systematic review53

found that antibiotic-loaded bone cement rendered limited
improvement in terms of the rate of deep or superficial surgical
site infection compared with plain bone cement. Furthermore,
skin preparation prior to surgery is also important to prevent
surgical site infections. One RCT found that patients who
received alcohol and povidone-iodine before draping have a

significantly reduce rate of surgical site infection compared with
patients who received only a single alcohol and povidone-iodine
before draping. Another two meta-analyses54,55 supported pre-
operative bathing with chlorhexidine kin preparation in TJA to
reduce the risk of infection, the incidence of revision surgery,
or the length of stay. The antimicrobial prophylaxis and skin
preparation to prevent infection is beneficial, however, these
recommendations can be impaired due to the overall low qual-
ity of evidence. In order to reduce the risks of infection after
TJA, patients should receive systemic antimicrobial prophylaxis
on the base of proper skin preparation.

Perioperative Surgical Factors

Surgical Approach and Technique
Different surgical approaches may influence surgical outcomes,
complications, and recovery, of which minimally invasive sur-
gery may have putative benefits, such as reductions in stress
and pain.3 However, the preferred surgical approach was not
highlighted or recommended in the guidelines due to the
inconclusive evidence.3 As for TKA, a recent meta-analysis56

found that the efficacy of different surgical approaches,
including midvastus, subvastus, mini-parapatellar, quadriceps-
sparring (QS) and parapatellar, was similar in TKA, and no
differences were found in functional outcomes over short or
medium terms, but subvastus seemed to have increased
ROM at 6 months post-surgery. For THA, an RCT57 found
that factors such as family education, patient preconditioning,
preemptive analgesia, and accelerated preoperative and postop-
erative rehabilitation, rather than the size of the incision, play
a dominant role in influencing the outcome of THA. However,
a meta-analysis58 still found that short-term recovery favors
limited incision over standard incision, and the former had
better LOS, VAS pain at discharge, blood loss, and the Harris
hip score at 3 months postoperatively. In terms of the effi-
ciency of the direct anterior approach (DAA) in THA, the
results are conflicting. One observational study59 favored DAA
as a valuable addition to enhanced recovery pathways to
reduce patient LOS; however, another study60 found no supe-
rior benefits of DAA compared with the posterior approach
when the ERAS pathway was used and DAA had a signifi-
cantly higher rate of periprosthetic femoral fractures. Thus,
considering the low level of evidence of current studies, there
is no conclusive evidence regarding which surgical approach
should be preferred.

Drainage
The guidelines recommended not routinely use of surgical
drains for hip and knee replacement.3

The use of suction drains after orthopedic surgery
seems to be a logical and effective way to reduce the size of
postoperative wound hematomas. Studies61 have shown
comparable outcomes in TJA patients with or without surgi-
cal drains, suggesting that these drains are not necessary. A
2018 meta-analysis62 concluded that the use of closed suction
drains after TKA is probably not superior to no drains for
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most outcome measures, and drainage patients had an
increased risk of homologous transfusion and a longer time
to regain straight-leg raising, although the need for dressing
change was decreased. Another meta-analysis63 shared similar
viewpoints that no clear benefit or drawback was found in the
use of closed drainage after TKA. The same proposition can
also be found in THA. A meta-analysis64 concluded that the
routine use of closed suction drainage systems post primary
hip arthroplasty is not supported because closed suction
drainage is associated with increased total blood loss and
blood transfusion requirements but similar surgical site infec-
tion and hematoma formation compared with nondrainage.
In terms of urinary drainage, one RCT found that catheteriza-
tion might not be necessary in nondrainage TKA using com-
bined spinal epidural anesthesia because postoperative urinary
retention incidence, clinical outcomes and knee scores and
functions were similar. Furthermore, a systematic review65

found that prolonged wound drainage and urinary catheteri-
zation were the identified risk factors associated with surgical
site infection. Though the overall level of evidence is low, the
routinely used drainages should be reduced.

Perioperative Fluid Management
The guidelines recommended judiciously use of intravenous
fluids, which may discourage in favor of early oral intake.3

Maintaining fluid balance, a prominent component of ERAS
pathways, is important in patients undergoing TJA. Restricted
and balanced fluid management protocols have been advocated
within ERAS, but meaningful comparison is challenging in TJA
due to limited intraoperative blood and fluid loss.3 One RCT66

for TKA within an ERAS pathway found that compared with
restrictive fluid management, a liberal fluid regimen (median
4250 mL, range 3150–5200 mL) may lead to significant hyp-
ercoagulability and a reduction in vomiting without influencing
postoperative hypoxemia, exercise capacity or hospital stay.
However, patients who receive high volumes of intraoperative
fluid (>2 L) combined with a history of prior urinary retention
are identified as risk factors for postoperative urinary retention
for THA under spinal anesthesia.67 Goal-directed fluid therapy
(GDT), guided by assessment of fluid responsiveness, aims to
optimize systemic oxygenation, protect organs particularly at
risk of perioperative hypoperfusion, and reduce postoperative
gastrointestinal complications.68 One RCT69 in THA found that
GDT can decrease postoperative complications. However, the
quality of evidence of GDT’ benefits in TJA is still low and its
role in TJA need to be further confirmed. Thus, based on cur-
rent literatures, high volumes of intraoperative fluid in TJA is
improper, and balanced fluid management or Goal-directed
fluid therapy may be encouraged, however, their effects still
need to be further determined.

After Surgery Phases

Antithrombotic Prophylaxis Treatment
The guidelines recommended to mobilize as soon as possible
post-surgery and receive anti-.

thrombotic prophylaxis treatment.3 Patients undergo-
ing orthopedic surgery for bone are at increased venous
thromboembolism (VTE) risk, which is a significant contrib-
utor to postoperative morbidity and mortality. The main risk
factors for venous thromboembolism after TJA include a his-
tory of VTE, varicose veins, and congestive cardiac failure,
followed by female sex, age (≥80), hypertension, (active) can-
cer, obesity (BMI ≥30), and (black) race.70 A 2012 guideline
recommended by the American College of Chest Physicians
suggested a minimum of 10 to 14 days of antithrombotic
prophylaxis for patients undergoing TJA.71 Strategies for
thromboprophylaxis include pharmacologic and mechanical
methods. Pharmacologic methods for thromboprophylaxis
include vitamin K antagonists (e.g., warfarin), low-molecular-
weight heparin (LMWH), factor Xa inhibitors (e.g., rivaroxaban,
darexaban, and apixaban), or direct thrombin inhibitors
(e.g., ximelagatran and dabigatran etexilate).72 Two meta-ana-
lyses72,73 found that low-molecular-weight heparin is associated
with a higher rate of venous thromboembolism (VTE) than fac-
tor Xa inhibitors. Some of them also found that compared with
LMWH, direct thrombin inhibitors have a higher risk of major
bleeding in TJA patients and a lower rate of VTE in THA
patients but a similar effectiveness in deep vein thrombosis
(DVT) and pulmonary embolism prophylaxis in TJA patients.
Accordingly, one meta-analysis74 found that new anticoagulants,
such as rivaroxaban, dabigatran, or apixaban, were generally
associated with a higher bleeding tendency. Another meta-anal-
ysis75 found that the addition of intermittent mechanical leg
compression augments the efficacy of anticoagulation in
preventing DVT in TJA patients. Though the level of evidence
is not high, TJA patients should receive combined pharmaco-
logical and mechanical prophylaxis to reduce the risk of venous
thromboembolism.

Postoperative Nausea and Vomiting
The guidelines support use of multimodal postoperative nausea
and vomiting (PONV) prophylaxis for patients undergoing hip
and knee replacement.3 PONV is a common complication after
arthroplasty that can complicate discharge and increase patient
suffering and dissatisfaction. The risk factors76,77 include bilat-
eral TJA, motion sickness, a history of migraines, lower body
mass index (BMI), female sex, nonsmoking, and use of postop-
erative opioid use (ropivacaine and hydromorphone, patient-
controlled epidural analgesia). The methods of postoperative
nausea and vomiting prophylaxis vary, including the use of
dexamethasone. PONV can be reduced or minimized by
administering multimodal antiemetic prophylaxis. Ondansetron,
palonosetron, ramosetron, and 5-hydroxytryptamine receptor
3 (5-HT3) antagonists are commonly used for preventing
PONV.78 RCTs77,79 have demonstrated that preoperative or
intraoperative ramosetron was more effective and had a longer-
lasting effect for preventing PONV after TKA than ondansetron
under spinal anesthesia. Glucocorticoids, especially dexametha-
sone, are also safe, efficacious, and inexpensive for such prophy-
laxis in patients undergoing TJA, including diabetic patients.80

Most studies recommend glucocorticoid administration prior to
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or during surgery. Two meta-analyses81,82 found that preopera-
tive or perioperative intravenous glucocorticoids can not only
alleviate pain intensity within 48 hours but also decrease the
occurrence of PONV after TJA. However, a recent RCT83 found
that the pain and nausea controlling effect of preoperative and
postoperative glucocorticoids only lasts for 24 hours; additional
administration of glucocorticoids at 1 day postoperatively was
needed to provide prolonged benefits. Though the level of evi-
dence is low, PONV prophylaxis via multiple ways should be
encouraged.

Postoperative Nutritional Care and Intervention
The guidelines recommended an early return to normal diet
for TJA patients.3 Traditionally, early oral feeding or feeding
within the first 6 h postoperatively and postoperative carbo-
hydrate supplementation were mostly used. Although
vomiting is a risk factor for early postoperative oral intake, it
is proved to be safe to have an early feeding. An RCT84 dem-
onstrated tolerable outcomes with early postoperative feed-
ing, which found that early feeding (at 4 h postoperatively)
and late feeding (⩾8 h postoperatively) showed no difference
in nausea, return of bowel function, and length of hospital
stay without increasing postoperative morbidity.

Malnutrition is an important risk factor for in-hospital
death, postoperative complications, total mortality, and
reoperation rates in THA; thus, delicate nutritional care must
be implemented for these patients to mitigate the increased
risks.85,86 A retrospective cohort study87 demonstrated the
benefits of postoperative nutritional supplementation and
found that postoperative nutritional supplementation is a
protective factor for surgical site infection, periprosthetic
joint infection, and 30-day readmission in geriatric patients
with hypoalbuminemia undergoing THA. A retrospective
study88 also investigated the direct association of postopera-
tive nutritional intervention with accelerated discharge in
TJA. They found that compared with malnourished patients,
malnourished patients with nutritional intervention (a high-
protein, anti-inflammatory diet) had a shorter hospital LOS
and lower primary hospitalization charges and 90-day total
charges. Though the overall level of evidence is still low,
return to normal food intake as soon as possible is rec-
ommended for TJA patients, and proper postoperative nutri-
tional intervention is also beneficial.

Early Mobilization
The guidelines recommended that patients should mobilize
as early as possible.3 Postoperative mobilization may be
restricted by pain or medical paraphernalia, however, the
benefits of early mobilization are obvious. A large observa-
tional study89 conducted in 19 Australian hospitals found
that early mobilization was associated with improved health
outcomes and reduced rates of VTE. And a systematic
review90 concluded that early mobilization in TJA can result
in a reduced length of stay of approximately 1.8 days without
an increase in negative outcomes, which can be achieved
within 24 hours of operation. Another RCT91 had a similar

finding in THA: compared with mobilization on the day
after surgery, mobilization on the day of surgery significantly
increases the probability of discharge and decreases the time
to readiness for discharge. The level of evidence is consistent
and strong, and patients should mobilize as early as possible
to facilitate an earlier discharge.

Criteria-Based Discharge and Continuous Improvement
and Audit
The guidelines recommended to use some objective dis-
charge criteria to facilitate patient discharge directly to their
home as well as routinely audit the process measures, clinical
outcomes, cost effectiveness, patient satisfaction/experience,
and changes to the pathway.3 However, a high level of evi-
dence for this strategy in TJA is still lacking.

Conclusions and Limitations

After the introduction of the ERAS concept, an increas-
ing number of studies have been conducted and have

demonstrated the superiority of the ERAS pathway over tra-
ditional treatment. ERAS programs have been demonstrated
to be safe, efficacious, acceptable, and widely applicable in
the perioperative period and share a number of similarities
across a range of specialties. By dispensing with dogma and
accelerating care, orthopedic surgeons have made significant
gains in hospital stay and patient outcome. Consequently,
providing evidence-based and similar ERAS protocols can
safely benefit TJA patients, and it is reasonable to hypothe-
size that the gains should be greater.

Our results indicate the recommended components of
ERAS have a bound base of evidence and implementation of
a full ERAS program may maximize the benefits of our clini-
cal practice.

Based on the recent guidelines in TJA, we review the
evidence for the components of ERAS to provide recommen-
dations. However, our study has a number of limitations.
First, although a comparatively comprehensive literature sea-
rch was conducted, we may omit some relevant studies,
which may render potential publication bias. Due to the dif-
ficulty of performing high-quality RCTs, the effectiveness of
individual components within established programs is diffi-
cult to determine. Furthermore, not all of the identified stud-
ies were systematic reviews or meta-analyses.

Therefore, the conclusion of this study should be inter-
preted with caution. These recommendations had not been
discussed by the experts in related field and most of the rec-
ommendations had a low level of evidence. Our results
should be regarded as a supplement of viewpoints to the
guidelines. Furthermore, these recommendations still need to
be further determined with higher level of evidence.
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