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INTRODUCTION
Enhanced recovery after surgery (ERAS) was first proposed 
by Danish scholar Henrik kehlet in 1997[1. In the actual 
promotion process, researchers have found and verified that 
ERAS can not only accelerate the recovery of patients and 
reduce the incidence of complications but also reduce med-
ical costs, shorten the length of hospital stay, and increase 
patient satisfaction2-4. 

In 2007, ERAS was introduced into China by Professor Li 
Jieshou5, and its application scope gradually expanded from 
abdominal surgery to orthopedics, urology, and other fields. 
In 2016, a Chinese expert consensus about hip and knee arthro-
plasty6-8 pointed out that a key of ERAS in hip and knee arthro-
plasty is to improve the operation technology and optimize 
the perioperative management. Compared with the traditional 
hip and knee arthroplasty perioperative management strategy, 
ERAS has made great progress not only in concept but also in 
the actual development process. Specific projects have also been 
clearly subdivided. 

METHODS

Search strategy
A literature search using PubMed, MEDLINE, China National 
Knowledge Infrastructure (CNKI), and the Wanfang databases 
on November 20, 2020, was performed using the Medical 
Subject Headings terms and the following search words 
in combination with Boolean “AND” and “OR” phrases: 
“enhanced recovery after surgery,” “enhanced recovery path-
ways,” “ERAS,” “fast-track surgery,” “arthroplasty,” and “joint 
replacement.” A total of 48 articles were retrieved, including 

19 randomized controlled trials and a total of 19 retrospec-
tive studies. A total of 1741 cases outcomes were summarized.

Inclusion criteria
Inclusion criteria were as follows: (1) population — undergo-
ing hip joint replacement, knee joint replacement, and spinal 
surgery for general osteoarthritis; (2) intervention — ERAS vs. 
conventional care; (3) outcomes — primary outcomes (e.g., 
mortality rate, transfusion rate, range of motion [ROM]) and 
secondary outcomes (e.g., 30-day readmission rate, complica-
tion rate, length of stay [LOS]). 

Exclusion criteria
Case reports, review articles, or other works without original 
data and studies investigating only multimodal analgesia or 
comparing the efficacy of various analgesic medications were 
excluded.

Data extraction
We reviewed abstracts and titles, read the full text carefully 
according to prespecified inclusion criteria, and extracted rele-
vant clinical, study, and other information, including authors, 
year of publication, sample size, age and gender of subjects, 
ERAS-specific recovery measures, surgical site, postoperative 
complications, LOS, and readmission rates after 30 days for 
patients in the group and non-ERAS groups.

Definition of outcome events
The primary outcome events were mortality, transfusion rate, 
and ROM. Secondary events were postoperative LOS, 30-day 
readmission rates, and overall complication rates and other 
reported outcomes.
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RESULTS

Review of enhanced recovery  
after surgery program

Preoperative education and counseling
Most patients with arthroplasty have anxiety and fear before an 
operation. Positive communication with patients, preoperative 
psychological education, and intervention is very important. 

One study found that explicit pre-anesthesia education can 
significantly relieve anxiety and emotional stress before hip or 
knee replacement9. Preoperative education helps improve patients’ 
confidence, satisfaction, early rehabilitation, and discharge10. 
Louw and other scholars reported that preoperative patients 
with more knowledge of pain science and preoperative education 
courses may be more effective in controlling postoperative pain11. 

Preoperative evaluation
Anemia is a common complication in hip and knee replace-
ment patients12, which can lead to adverse clinical outcomes, 
such as stroke, periprosthetic inflammation, and postoperative 
mortality. In China, prior to joint replacement, the patients 
are suggested to have screening for anemia. 

Diabetes is very common in patients with hip and knee 
arthroplasty and may have adverse effects on the outcome of 
hip and knee replacement13. Literature on diabetic patients 
with arthroplasty and its relationship with prognosis shows 
that diabetes increases the risk of postoperative death14, 15. 
Therefore, based on the ERAS concept, patients with diabetes 
should be screened and identified before joint replacement, 
and the endocrine pathway should be optimized to improve 
the clinical outcomes.

Multimodal analgesia
Pain is the main complication after hip and knee replacement. 
Beswick and other scholars found that 7–23% of total hip 
arthroplasty (THA) patients and 10–34% of total knee arthro-
plasty patients have persistent pain after surgery16. In China, 
the multimodal, opioid-sparing techniques are advocated as 
the basis for postoperative pain control. Multimodal analgesia 
is an effective way to manage arthroplasty pain. It has a good 
analgesic effect by combining different drugs with different 
mechanisms17. In addition, ice can also reduce inflammation 
and swelling, thereby reducing the incidence of pain18.

Selection of intraoperative anesthesia techniques
The choice of anesthesia mode for patients with arthroplasty 
is of great significance to the safety and rapid recovery of 

patients19. There is a physiological view that regional anesthesia 
is the optimal ERAS technique for hip and knee arthroplasty. 
Axonal anesthesia is adequate for surgery. It provides sympa-
thetic block, inhibits the release of stress hormones, and atten-
uates the release of insulin after nerve conduction20, 21. A lot 
of evidence demonstrates a lower incidence of postoperative 
complications when hip or knee arthroplasty is performed 
under normal/regional compared general with anesthesia. 
Pulmonary embolus, pulmonary compromise, renal injury, 
infection, need for transfusion, and LOS are all significantly 
lower after neuraxial anesthesia22, 23. A recent meta-analysis 
of 29 studies (including 10,488 patients) found that axial 
anesthesia reduced hospital stay by nearly half a day com-
pared with the general anesthesia group24. A multi-institution 
retrospective study found that the use of general anesthesia 
increased the risk of moderate-to-severe postoperative pain 
by 8.5 times and the risk of persistent pain after hip surgery 
by 2.5 times25, 26. 

In addition, the combined sevoflurane inhalation anes-
thesia and lumbosacral plexus block under the guidance of 
Gas Man software can provide relatively accurate anesthe-
sia management for elderly patients undergoing hip arthro-
plasty and promote rapid postoperative recovery. For elderly 
patients with poor tolerance, intraspinal anesthesia is also a 
better choice. Zheng Quan et al. found that the cognitive 
impairment of patients after spinal anesthesia was reduced, 
and the visual analog scale (VAS) score was decreased 48 h 
after operation27. Thus, spinal anesthesia is a better choice 
for joint replacement, which can promote faster recovery 
of patients.

Prevention and treatment of  
postoperative nausea and vomiting
Postoperative nausea and vomiting (PONV) may be more 
distressing than pain28. The risk factors of PONV included 
female, non-smoking status, exercise history, or previous his-
tory of PONV29. The treatment of PONV may be avoiding 
general anesthesia and minimizing opioids. 

Early mobilization
Early mobilization is a key component of ERAS. Adverse phys-
iological effects of long-term bed rest include increased insulin 
resistance, myopathy, decreased pulmonary function, impaired 
tissue oxygenation, and thromboembolism30. Safe and effec-
tive analgesia is a prerequisite for encouraging postoperative 
activities. A recent meta-analysis showed that ambulation 
within 24 h after surgery reduced hospital stay (by 1.8 days)31. 
The early activity of knee replacement was also related to the 
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improvement of functional recovery32. Early joint activity 
plays a positive role in improving prognosis. Despite these 
benefits, it is unclear whether early mobilization is associated 
with other complications.

Current obstacles of enhanced  
recovery after surgery in China
There are many obstacles in the process of ERAS promo-
tion, which mainly focus on policy support, team building, 
evaluation process, scheme formulation, insufficient effect 
evaluation, and so on33. A meta-analysis published in 2017 
that included seven randomized controlled or clinically con-
trolled studies involving a total of 8346 patients undergoing 
total hip replacement or total knee replacement showed that 
arthroplasty ERAS significantly reduced the length of hos-
pital stay by 1.44 days compared to controls. However, the 
ERAS-related departments did no close cooperation in China, 
each link is not to achieve optimization, and early experience 
accumulation stage, basic-level hospital looking forward and 
developed, and the system of specific measures in accordance 
with the arthroplasty characteristics is not clear; thus, further 
practice and exploration efforts were needed. In addition, 
among the patients who have carried out ERAS (including 
all and part of ERAS), some patients expressed dissatisfac-
tion with the current situation. The dissatisfaction mainly 
focused on PONV, application of tourniquet, and optimiza-
tion of analgesia scheme.

DISCUSSION
In foreign countries, one of the reasons for the limited clinical 
development of ERAS is the difficulty of some of the contents 
of expert consensus. Some experts believe that the lack of team 
human resources will also hinder the development of ERAS. 
At present, in our country, the design and implementation of 
the specific composition, operation management, collaboration 
mode, and diagnosis and treatment process of ERAS are still 
in the exploratory stage. Enhanced recovery requires multidis-
ciplinary optimization and cooperation, which is the optimal 
management of the perioperative “process.” 

It is required that the medical staff of various disciplines 
participating in ERAS pay attention to the perioperative 
management of patients, do a good job in the optimization 
measures of this discipline, and strengthen the cooperation 
and communication with relevant departments of ERAS34. 
In the application of the concept of fast-track surgery in the 
perioperative management of hip and knee arthroplasty, we 
should strictly implement the fast-track measures, reduce 

the surgical stress and complications, shorten the length of 
hospital stay and reduce the cost of hospitalization, and pay 
more attention to the rehabilitation effect and follow-up work 
after discharge. Based on the above two points, we should 
strengthen the research on the process and clinical pathway 
of ERAS and innovate and construct the organization and 
management35. Based on the optimization strategy of ERAS, 
at the level of diagnosis and treatment team, we should estab-
lish a multidisciplinary ERAS diagnosis and treatment team, 
including surgery, anesthesiology, operating room, nutrition, 
and rehabilitation, and clarify the responsibilities and rights 
between disciplines; the objectives are to establish a follow-up 
system for discharged patients with ERAS, understand the 
rehabilitation of patients after discharge, provide necessary 
feedback for the mechanism research of the ERAS, and pro-
mote the development of ERAS concept in orthopedic hip 
and knee arthroplasty. In short, with the strengthening of the 
application of ERAS in orthopedic theory and practice, the 
concept of rapid rehabilitation will benefit patients better. 
This will make ERAS better and more reasonable localization 
promotion, more standardized and more effective implemen-
tation, promote the promotion and application of ERAS in 
China, and provide high-level and high-quality medical ser-
vices for patients.

CONCLUSION
We need to proceed from our own reality, hold the attitude of 
seeking truth from facts, carry out more and more reliable clin-
ical exploration, and obtain more and more feasible solutions 
in the process of promotion. All this will make ERAS better 
and more reasonable localized promotion, more standardized 
and more effective implementation, and provide high-level, 
high-quality medical services for patients.

AVAILABILITY OF  
DATA AND MATERIALS
All data generated or analyzed during this study are included 
in this article.

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable request.

ETHICS APPROVAL
This study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Ethics Committee of 
our hospital.



Enhanced recovery after surgery in patients with arthroplasty

700

Rev Assoc Med Bras 2022;68(5):697-701

AUTHORS’ CONTRIBUTIONS
YF: Conceptualization, Data curation, Formal Analysis, 
Funding acquisition, Validation, Visualization, Writing – 
original draft, Writing – review & editing. XL: Investigation, 

Methodology, Project administration, Resources, Software, 
Supervision, Writing – original draft, Writing – review 
& editing. All authors wrote and gave final approval of 
the manuscript. 

REFERENCES
1.	 Kehlet H, Wilmore DW. Multimodal strategies to improve surgical 

outcome. Am J Surg. 2002;183(6):630-41. https://doi.org/10.1016/
s0002-9610(02)00866-8

2.	 Deng QF, Gu HY, Peng WY, Zhang Q, Huang ZD, Zhang C, et al. 
Impact of enhanced recovery after surgery on postoperative 
recovery after joint arthroplasty: results from a systematic review 
and meta-analysis. Postgrad Med J. 2018;94(1118):678-93. https://
doi.org/10.1136/postgradmedj-2018-136166

3.	 Gwynne-Jones DP, Martin G, Crane C. Enhanced recovery after 
surgery for hip and knee replacements. Orthop Nurs. 2017;36(3):203-
10. https://doi.org/10.1097/NOR.0000000000000351

4.	 Song W, Wang K, Zhang RJ, Dai QX, Zou SB. The enhanced recovery 
after surgery (ERAS) program in liver surgery: a meta-analysis of 
randomized controlled trials. Springerplus. 2016;5:207. https://
doi.org/10.1186/s40064-016-1793-5

5.	  Li JS. Understanding the connotation of fast track surgery. Chin 
J Med. 2007;87(08):515-7. PMID: 17459197

6.	  Zhou ZK, Weng XS, Qu TB, Zhang XL, Yan SG, Cao L, et al. 
Expert consensus in enhanced recovery after total hip and knee 
arthroplasty in China: diagnosis and treatment of perioperative 
anemia. Chin J Bone Jt Surg. 2016;9(01):1-9. Available from: 
https://atm.amegroups.com/article/view/55704/html

7.	  Shen B, Weng XS, Liao R, Qu TB, Zhang XL, Cao L, et al. Expert 
consensus in enhanced recovery after total hip and knee arthroplasty 
in China: pain and sleep management. Chin J Bone Jt Surg. 
2016;9(02):91-7. Available from: https://www.scielo.br/j/bja/a/
xFjRSFRvKMjvQbXKpfyyvns/?lang=en

8.	 Joint Surgery Group of Orthopaedic Branch of Chinese Medical 
Association, Joint Surgery Group of Orthopaedic Branch of 
Chinese Society for International Exchange of Medical Care, etc. 
Accelerating recovery after knee arthroplasty: expert consensus on 
perioperative thrombus management in patients with cardiovascular 
disease. Chin J Orthop Jt Surg. 2016;9(3):181-4.

9.	 Bondy LR, Sims N, Schroeder DR, Offord KP, Narr BJ. The effect of 
anesthetic patient education on preoperative patient anxiety. Reg 
Anesth Pain Med. 1999;24(2):158-64. https://doi.org/10.1016/
S1098-7339(99)90078-0

10.	  Halaszynski TM, Juda R, Silverman DG. Optimizing postoperative 
outcomes with efficient preoperative assessment and management. 
Crit Care Med. 2004;32(Suppl):S76–86. https://doi.org/10.1097/01.
CCM.0000122046.30687.5C

11.	 Louw A, Diener I, Butler DS, Puentedura EJ. Preoperative 
education addressing postoperative pain in total joint arthroplasty: 
review of content and educational delivery methods. Physiother 
Theory Pract. 2013;29(3):175-94. https://doi.org/10.1097/01.
CCM.0000122046.30687.5C

12.	 Spahn DR. Anemia and patient blood management in 
hip and knee surgery: a systematic review of the literature. 
Anesthesiology. 2010;113(2):482-95. https://doi.org/10.1097/
ALN.0b013e3181e08e97

13.	 Tsang ST,  Gaston P.  Adverse peri-operative outcomes 
following elective total hip replacement in diabetes mellitus: 
a systematic review andmeta-analysis of cohort studies. Bone 
Jt J. 2013;95-b(11):1474-9. https://doi.org/10.1302/0301-
620X.95B11.31716

14.	 Watts CD, Houdek MT, Wagner ER, Abdel MP, Taunton MJ. Insulin 
dependence increases the risk of failure after total knee arthroplasty 
in morbidly obese patients. J Arthroplasty. 2016;31(1):256-9. 
https://doi.org/10.1016/j.arth.2015.08.026

15.	 Chrastil J, Anderson MB, Stevens V, Abdel MP, Taunton MJ. Is 
hemoglobin A1c or perioperative hyperglycemia predictive of 
periprosthetic joint infection or death following primary total joint 
arthroplasty? J Arthroplasty. 2015;30(7):1197-202. https://doi.
org/10.1016/j.arth.2015.01.040

16.	 Inacio MC, Hansen C, Pratt NL, Graves SE, Roughead EE. Risk factors 
for persistent and new chronic opioid use in patients undergoing 
total hip arthroplasty: a retrospective cohort study. BMJ Open. 
2016;6(4):e010664. https://doi.org/10.1136/bmjopen-2015-
010664

17.	  Liu P, Guo WS, Zhang QD, Wang WG, Zhang Y, Wang YY. 
Evaluation of the efficacy and safety of betamethasone 
injection in primary unicompartmental replacement. Chin 
Med J.  2019;99(39):3100-4. https://doi.org/10.3760/
cma.j.issn.0376-2491.2019.39.012

18.	  Chughtai M, Sodhi N, Jawad M, Newman JM, Khlopas A, Bhave A, 
Mont MA. Cryotherapy treatment after unicompartmental and total 
knee arthroplasty: a review. J Arthroplasty. 2017;32(12):3822-32. 
https://doi.org/10.1016/j.arth.2017.07.016

19.	  Liu ZJ, Huang YG, Luo AL. Anesthesia and accelerated postoperative 
rehabilitation. Chin J Anesthesiol. 2016;36(8):909-12.

20.	 Halter JB, Pflug AE. Effects of anesthesia and surgical stress on 
insulin secretion in man. Metabolism. 1980;29(11 Supp 1):1124-7. 
https://doi.org/10.1016/0026-0495(80)90021-9

21.	 Riis J, Lomholt B, Haxholdt O, Kehlet H, Valentin N, Danielsen 
U, et al. Immediate and long-term mental recovery from general 
versus epidural anesthesia in elderly patients. Acta Anaesthesiol 
Scand. 1983;27:44-9. https://doi.org/10.1111/j.1399-6576.1983.
tb01903.x

22.	 Hu S, Zhang ZY, Hua YQ, Li J, Cai ZD. A comparison of regional 
and general anesthesia for total replacement of the hip or knee: 
a meta-analysis. J Bone Jt Surg Br. 2009;91:935-42. https://doi.
org/10.1302/0301-620X.91B7.21538

23.	 Memtsoudis SG, Stundner O, Rasul R, Sun X, Chiu Y-L, Fleischut P, 
et al. Sleep apnea and total joint arthroplasty under various types 
of anesthesia: a population-based study of perioperative outcomes. 
Reg Anesth Pain Med. 2013;38:274-81. https://doi.org/10.1097/
AAP.0b013e31828d0173

24.	 Johnson RL, Kopp SL, Burkle CM, Duncan CM, Jacob AK, Erwin PJ, 
et al. Neuraxial vs general anaesthesia for total hip and total knee 
arthroplasty: a systematic review of comparative-effectiveness 
research. Br J Anaesth. 2016;116:163-76. https://doi.org/10.1093/
bja/aev455

https://doi.org/10.1016/s0002-9610(02)00866-8
https://doi.org/10.1016/s0002-9610(02)00866-8
https://doi.org/10.1136/postgradmedj-2018-136166
https://doi.org/10.1136/postgradmedj-2018-136166
https://doi.org/10.1097/NOR.0000000000000351
https://doi.org/10.1186/s40064-016-1793-5
https://doi.org/10.1186/s40064-016-1793-5
https://atm.amegroups.com/article/view/55704/html
https://www.scielo.br/j/bja/a/xFjRSFRvKMjvQbXKpfyyvns/?lang=en
https://www.scielo.br/j/bja/a/xFjRSFRvKMjvQbXKpfyyvns/?lang=en
https://doi.org/10.1016/S1098-7339(99)90078-0
https://doi.org/10.1016/S1098-7339(99)90078-0
https://doi.org/10.1097/01.CCM.0000122046.30687.5C
https://doi.org/10.1097/01.CCM.0000122046.30687.5C
https://doi.org/10.1097/01.CCM.0000122046.30687.5C
https://doi.org/10.1097/01.CCM.0000122046.30687.5C
https://doi.org/10.1097/ALN.0b013e3181e08e97
https://doi.org/10.1097/ALN.0b013e3181e08e97
https://doi.org/10.1302/0301-620X.95B11.31716
https://doi.org/10.1302/0301-620X.95B11.31716
https://doi.org/10.1016/j.arth.2015.08.026
https://doi.org/10.1016/j.arth.2015.01.040
https://doi.org/10.1016/j.arth.2015.01.040
https://doi.org/10.1136/bmjopen-2015-010664
https://doi.org/10.1136/bmjopen-2015-010664
https://doi.org/10.3760/cma.j.issn.0376-2491.2019.39.012
https://doi.org/10.3760/cma.j.issn.0376-2491.2019.39.012
https://doi.org/10.1016/j.arth.2017.07.016
https://doi.org/10.1016/0026-0495(80)90021-9
https://doi.org/10.1111/j.1399-6576.1983.tb01903.x
https://doi.org/10.1111/j.1399-6576.1983.tb01903.x
https://doi.org/10.1302/0301-620X.91B7.21538
https://doi.org/10.1302/0301-620X.91B7.21538
https://doi.org/10.1097/AAP.0b013e31828d0173
https://doi.org/10.1097/AAP.0b013e31828d0173
https://doi.org/10.1093/bja/aev455
https://doi.org/10.1093/bja/aev455


Fei, Y. et al.

701

Rev Assoc Med Bras 2022;68(5):697-701

25.	 Liu SS, Buvanendran A, Rathmell JP, Sawhney M, Bae JJ, Moric M, 
et al. Predictors for moderate to severe acute postoperative pain 
after total hip and knee replacement. Int Orthop. 2012;36:2261-
750. https://doi.org/10.1007/s00264-012-1623-5

26.	 Liu SS, Buvanendran A, Rathmell JP, Sawhney M, Bae JJ, Moric 
M, et al. A cross-sectional survey on prevalence and risk factors 
for persistent postsurgical pain 1 year after total hip and knee 
replacement. Reg Anesth Pain Med. 2012;37:415-22. https://doi.
org/10.1097/AAP.0b013e318251b688

27.	  Zheng Q, Yang ZJ. Application of modified single intraspinal 
anesthesia assisted by shallow general anesthesia in elderly 
patients undergoing total knee arthroplasty. Jiangsu Med. 
2014;40(20):2474-6.

28.	 Van den Bosch JE, Bonsel GJ, Moons KG, Kalkman CJ. Effect 
of postoperative experiences on willingness to pay to avoid 
postoperative pain, nausea, and vomiting. Anesthesiology. 
2006;104:1033-9. https://doi.org/10.1097/00000542-
200605000-00020

29.	 Apfel CC, Kranke P, Eberhart LH, Roos A, Roewer N. Comparison 
of predictive models for postoperative nausea and vomiting. Br J 
Anaesth. 2002;88:234-40. https://doi.org/10.1093/bja/88.2.234

30.	 Kehlet H, Wilmore DW. Multimodal strategies to improve surgical 
outcome. Am J Surg. 2002;183:630-41. https://doi.org/10.1016/
s0002-9610(02)00866-8

31.	 Pua YH, Ong PH. Association of early ambulation with length of 
stay and costs in total knee arthroplasty: retrospective cohort 
study. Am J Phys Med Rehabil. 2014;93:962-70. https://doi.
org/10.1097/PHM.0000000000000116

32.	 Okamoto T, Ridley RJ, Edmondston SJ, Visser M, Headford J, Yates 
PJ. Day-of-surgery mobilization reduces the length of stay after 
elective hip arthroplasty. J Arthroplasty. 2016;31(10):2227-30. 
https://doi.org/10.1016/j.arth.2016.03.066

33.	 Qi YX, Zhou YZ, Wang Z, Ma TY, Kang ZL, Li K, Wang WS, Shi CH. 
Investigation on the application of rapid rehabilitation surgery in the 
Department of arthrology. Chin J Orthopedics. 2020;28(08):698-
701.

34.	 Ying WD. Accelerating multidisciplinary team building in rehabilitation 
surgery. Chin J Surg. 2018;56(01):14-7.

35.	 Jiang ZW, Li JS. Research status of accelerated rehabilitation 
surgery in China. Chin J Gastrointest Surg. 2016;19(03):246-9. 
Available from: https://scirp.org/reference/referencespapers.
aspx?referenceid=2924353

https://doi.org/10.1007/s00264-012-1623-5
https://doi.org/10.1097/AAP.0b013e318251b688
https://doi.org/10.1097/AAP.0b013e318251b688
https://doi.org/10.1097/00000542-200605000-00020
https://doi.org/10.1097/00000542-200605000-00020
https://doi.org/10.1093/bja/88.2.234
https://doi.org/10.1016/s0002-9610(02)00866-8
https://doi.org/10.1016/s0002-9610(02)00866-8
https://doi.org/10.1097/PHM.0000000000000116
https://doi.org/10.1097/PHM.0000000000000116
https://doi.org/10.1016/j.arth.2016.03.066
https://scirp.org/reference/referencespapers.aspx?referenceid=2924353
https://scirp.org/reference/referencespapers.aspx?referenceid=2924353

