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Abstract
Objectives To collect data of randomised controlled
trials (RCTs) and clinical controlled trials (CCTs) for
evaluating the effects of enhanced recovery after surgery
on postoperative recovery of patients who received total
hip arthroplasty (THA) or total knee arthroplasty (TKA).
Methods Relevant, published studies were identified
using the following key words: arthroplasty, joint
replacement, enhanced recovery after surgery, fast track
surgery, multi-mode analgesia, diet management, or
steroid hormones. The following databases were used
to identify the literature consisting of RCTs or CCTs
with a date of search of 31 December 2016: PubMed,
Cochrane, Web of knowledge, Ovid SpringerLink and
EMBASE. All relevant data were collected from studies
meeting the inclusion criteria. The outcome variables
were postoperative length of stay (LOS), 30-day
readmission rate, and total incidence of complications.
RevMan5.2. software was adopted for the meta-analysis.
Results A total of 10 published studies (9936 cases)
met the inclusion criteria. The cumulative data included
4205 cases receiving enhanced recovery after surgery
(ERAS), and 5731 cases receiving traditional recovery
after surgery (non-ERAS). The meta-analysis showed that
LOS was significantly lower in the ERAS group than in
the control group (non-ERAS group) (p<0.01), and there
were fewer incidences of complications in the ERAS
group than in the control group (p=0.03). However,
no significant difference was found in the 30-day
readmission rate (p=0.18).
Conclusions ERAS significantly reduces LOS and
incidence of complications in patients who have had THA
or TKA. However, ERAS does not appear to significantly
impact 30-day readmission rates.
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The concept of enhanced recovery after surgery
(ERAS) was advocated by Danish surgeon H. Kehlet
in the 1990s.1 Kehlet’s recovery model promoted
a series of measures to optimise perioperative
treatment. Kehlet used evidence-based medical
interventions to reduce postoperative physical and
psychological trauma and stress, and thus accelerate the recovery process. The core principle is to
reduce trauma and stress by using the least invasive surgical practices, thereby reducing postoperative complications, saving costs, shortening length
of stay (LOS), improving patient satisfaction, and
promoting faster recovery. Its earliest use in gastrointestinal surgery achieved satisfactory results.
In recent years, improvements in orthopaedic
surgical techniques as well as those in anaesthesia
technology have produced exciting clinical results

in enhancing postoperative recovery, especially in
joint surgery cases.
Despite these advances, the effectiveness of ERAS
on arthroplasty has not been uniformly recognised
or accepted by orthopaedic surgeons. Studies such
as this meta-analysis are needed to inform a dialogue
among surgeons to evaluate the use of ERAS.

Methods
Document retrieval

Authors Zhu and Qian reviewed and evaluated the
relevant literature. They limited their search to
investigations published prior to 30 December 2016
and to those listed in reputable, recognised databases including PubMed, EMBASE, Ovid and
others. The keywords they used for the search were:
arthroplasty, joint replacement, enhanced recovery
after surgery, fast track surgery, multi-mode analgesia, diet management, and steroid hormones. The
search protocol also specified that each study used
either a randomised control trial (RCT) or a clinical
controlled trial (CCT) approach specifically focused
on ERAS after total hip arthroplasty (THA) or total
knee arthroplasty (TKA). All studies included were
published in English.

Inclusion criteria

These included patients in the ERAS group
who received treatment measures of enhanced
recovery after arthroplasty, while those in the
control group were subjected to traditional recovery
therapy. All studies cited could provide relevant
data. (Thus, the meta-analysis was restricted to a
review of only those published investigations that
clearly provided sufficient evidence of the techniques used in perioperative recovery. All investigations cited meet this criterion.)

Exclusion criteria

These included literature reviews, case reports and
studies with only a single cohort or other studies not
employing a control group; studies without relevant postoperative indicators; enhanced recovery
after surgery for other types of arthroplasty (ie, sites
other than hip or knee); and repeats or re-workings
of previously published literature.

Data extraction

The two investigators reviewed the abstracts and
titles, carefully read the full texts according to preset
inclusion criteria, and extracted the relevant clinical
information, research information and other information, including the authors, years of publication,
sample sizes, age and sex of subjects, and specific
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recovery measures, surgical sites, postoperative complications,
LOS and readmission rate of patients after 30 days in the ERAS
group and the non-ERAS group. The data were arranged into
experimental form and Excel spreadsheets in duplicate. All data
extraction work was done by two authors independently. When
any inconsistency arose, the issues were either resolved by a third
investigator or negotiated by both the original investigators.

Qualitative evaluation of cited studies

The relevance of each investigation was assessed according to
the number of criteria it met. The following five evaluation
indicators were used to assess the quality of the included investigations: (1) randomisation; (2) allocation concealment; (3)
blind intervention and outcome assessment; (4) interruption or
discontinuation of postoperative treatment; and (5) intentional
analysis. A study received an A rating if all five criteria were met;
a B for three to four; and a C for two or fewer.

Definition of outcome events

The main outcome events were postoperative LOS, 30-day
readmission rate, and total incidence of complications. LOS
was defined as time from hospital arrival on day of surgery to
discharge from the hospital (unit: days). The secondary events
were visual analogue scale (VAS) score, patient satisfaction,
hospital costs, and other reported outcomes.

Statistical methods

For each included study, mean differences (MDs) and 95% CI
were calculated for continuous outcomes, while odds ratio (OR)
and 95% CI were calculated for dichotomous outcomes. Statistical heterogeneity among the studies was assessed using the χ2
test and I2. A fixed effect model was applied when I2 <50%, and

a random effect model when I2 >50%. Otherwise, a random-effects model was adopted and subgroup analyses or a sensitivity
analysis would be carried out. All analyses were completed
with Review Manager 5.22 3 software (Cochrane Collaboration,
Oxford, UK) and a p-value funnel plot was used to analyse the
existence of publication bias.4

Results
Basic characteristics of included studies

The flow of study identification and inclusion are shown in
figure 1. In summary, over 3000 individual papers were initially
identified. Based on our review of the title and abstract, 37 fulltext papers were reviewed and 10 met the study inclusion criteria.
The 10 studies involved 4205 participants who received ERAS
and 5731 who received a control intervention. All 10 papers had
complete reporting of LOS, seven had data on the incidence of
any postoperative complication, and five papers reported 30-day
readmission. The papers had similar distributions of sex, age and
types of surgery. The included studies are described in table 1.
LOS data are summarised in table 2 and postoperative complications in table 3.The 30-day readmission data are given in table 4.

Results of the meta-analysis
Comparison of postoperative LOS between the two groups

All 10 studies5–14 reported the LOS. However, since three studies
did not provide standard deviation, 7 8 11 only providing time
and range data, the date/data for the LOS in days of the other
seven studies5 6 9 10 12–14 were collected/used instead of SD. There
were a total of 8346 patients, including 3642 cases in the ERAS
groups and 4704 cases in the control groups. Statistical heterogeneity was found among studies (I2=98%, p<0.01), and a
random effect model was used. One study reported by Talboys14

Figure 1 Flow diagram of searches.
Zhu S, et al. Postgrad Med J 2017;93:736–742. doi:10.1136/postgradmedj-2017-134991

737

Postgrad Med J: first published as 10.1136/postgradmedj-2017-134991 on 27 July 2017. Downloaded from http://pmj.bmj.com/ on September 22, 2021 by guest. Protected by copyright.

Original article

Table 1

Basic characteristics and quality assessment of included literatures
ERAS

Non-ERAS

N, male/female, age (years) mean (SD)

N, male/female, age (years) mean(SD)

Study quality

United States

126, 41\85, 68.44 (9.98)

126, 44\82, 66.02 (10.02)

B

Australia

297, 113\184, 67 (10)

412, 164\248 , 68 (11)

B

2012

Germany

74, 23\51, 66.58 (8.21)

73, 20\53, 68.25 (7.91)

B

2015

England

84, 42\42, 69.8 (8.9)

81, 40\44, 70.1 (10.5)

B

Year of
publication

Country

5

Auyong DB

2015

Christelis N6

2015

denHertog A7
MaempelJF8

Studies

Malviya A9

2011

England

1500, 711\789, 68

3000, 1482\1518, 69

B

McDonald DA10

2012

England

1081, 439\642, 69 (11)

735, 307\428, 70 (13)

B

Scott NB11

2013

England

405, __, 68 (11)

873, __, 68 (10)

B

Stambough JB[12

2015

United States

488, 247\241, 55 (19)

281, 126\155, 59 (16)

B

Stowers MD13

2016

New Zealand

100, 47\53, 66.7 (9.2)

100, 41\59, 65.4 (12.5)

B

Talboys R14

2016

France

50, 12\38, 83 (7.8)

50, 15\35, 85 (8)

B

ERAS, enhanced recovery after surgery.

Table 2

Test data source and data extraction (length of stay (LOS)) of included studies

Studies

Year

Country

Language

Surgical site

Total numbers

LOS (day)

ERAS

Non-ERAS

ERAS

Non-ERAS

5

Auyong DB

2015

United States

English

TKA

126

126

2.34±0.97

3.19±0.27

Christelis N6

2015

Australia

English

THA\TKA

297

412

4.9±1.6

5.3±1.6

denHertog A7

2012

Germany

English

TKA

74

73

6.75

13.2

MaempelJF8

2015

England

English

TKA

84

81

3±2.14

4±2.16

Malviya A9

2011

England

English

THA\TKA

1500

3000

4.8±3

8.5±6

McDonald DA10

2012

England

English

TKA

1081

735

4±2

6±3

Scott NB11

2013

England

English

THA\TKA

405

873

5

5

Stambough JB12

2015

United States

English

THA

488

281

2±1

4±1

Stowers MD13

2016

New Zealand

English

THA\TKA

100

100

4±2

5±2

Talboys R14

2016

France

English

THA

50

50

8.5±9.4

7±11.2

ERAS, enhanced recovery after surgery; THA, total hip arthroplasty; TKA, total knee arthroplasty.

indicated that there was no statistical difference in LOS between
the two groups, yet despite this, the overall meta-analysis
showed that ERAS significantly shortened LOS. The difference
was statistically significant for comparison between the ERAS
and control groups (SMD=−0.85, 95% CI=−1.24 to −0.45,
p=0.01) (figure 2a). A subgroup analysis of the LOS between
the ERAS and control groups is found in figure 2b.

which indicated that no statistical difference was found between
the ERAS group and the control group (p=0.372). However, data
extracted from seven investigations, including the one published
by Stowers,13 were re-analysed, and the results clearly show statistical differences in the incidence of complications between the
two groups (OR=0.77, 95% CI 0.61 to 0.98; p=0.03; figure 3).

Comparison of 30-day readmission rates between the two groups

Among 10 studies selected, five5 6 9 12 13 reported 30-day readmission rates involving 6430 patients. This included 2511 ERAS
group cases and 3919 control group cases. Data analysis shows
no significant difference between the two groups in the incidence of 30-day readmissions (OR=0.84, 95% CI 0.65 to 1.08,
p=0.18; figure 4).

Comparison of incidence of postoperative complications between
the two groups

Among the 10 cited investigation, seven5–10 13 reported postoperative complications. These involved 7789 patients including
3262 ERAS group cases and 4527 control group cases. Our
preliminary review of the literature revealed a report by Stowers13
Table 3

Test data source and data extraction (incidence of complications)

Studies

Year

Country

Language

Surgical site

Total number of cases
ERAS

Non-ERAS

ERAS

N%

Non-ERAS

N%

Auyong DB5

2015

United States

English

TKA

126

126

3

2.38%

7

5.56%

Christelis N6

2015

Australia

English

THA\TKA

297

412

30

10.1%

49

11.89%

denHertog A7

2012

Germany

English

TKA

74

73

8

10.81%

12

16.44%

MaempelJF 8

2015

England

English

TKA

84

81

3

3.57%

5

6.17%

Malviya A9

2011

England

English

THA\TKA

1500

3000

39

2.6%

103

3.43%

McDonald
DA10

2012

England

English

TKA

1081

735

27

2.5%

16

2.18%

New Zealand

English

THA\TKA

100

100

15

15%

22

22%

Stowers MD13 2016

Total incidence of complications

ERAS, enhanced recovery after surgery; THA, total hip arthroplasty; TKA, total knee arthroplasty.
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Table 4

Test data source and data extraction (30-day readmission rate)

Studies

Year

Country

Language

Surgical site

Total number of cases

30-day readmission rate

ERAS

ERAS

N%

Non-ERAS

N%

Non-ERAS

5

2015

United States

English

TKA

126

126

3

2.38%

7

5.56%

Christelis N6

2015

Australia

English

THA\TKA

297

412

10

3.37%

14

3.4%

Malviya A9

2011

England

English

THA\TKA

1500

3000

70

4.67%

144

4.8%

Stambough JB12

2015

United States

English

THA

488

281

7

1.43%

11

3.91%

Stowers MD13

2016

New Zealand

English

THA\TKA

100

100

8

8%

14

14%

Auyong DB

ERAS, enhanced recovery after surgery; THA, total hip arthroplasty; TKA, total knee arthroplasty.

Publication bias

A funnel plot was performed with incidence of complications as
the indicator. Seven points in the funnel plot, roughly distributed
in an inverted funnel, suggest a lower impact of publication bias
on the results (figure 5).

Comprehensive evaluation

Postoperative pain assessments in five studies5–8 10 show that
ERAS groups achieved better analgesic results than non-ERAS
groups: Auyong5 reported the VAS scores on the surgery day
were 5.7 in the ERAS group and 4.5 in the non-ERAS group
(p<0.01). VAS score decreased in both groups in the first 2 days
after surgery and decreased thereafter. Yet even from the first
day of recovery, Auyong reported differences in the amplitude

of this increase between the two groups. On the first day after
surgery, the VAS scores were 6.3 in the ERAS group and 7.1
in the non-ERAS group (p<0.01). On the second day, the VAS
scores were 5.7 in the ERAS group and 6.3 in the non-ERAS
group (p=0.03). There was no significant difference in VAS
score on and after the third day. During the hospitalisation, the
ERAS groups were superior to the non-ERAS groups in their
ability to reduce the need for expensive opioid pain relievers
and thus reduce hospitalisation costs.
Den Hertog7 reported that there was no significant difference
in VAS scores between the two groups on the day of surgery.
However, den Hertog did find statistical differences on the first
day of recovery and again on days 5 through 7. The cumulative
reduction-in-pain score was far more positive for patients in the

Figure 2 Comparison of the length of stay between the ERAS group and the control group. ERAS, enhanced recovery after surgery.
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Figure 3 Comparison of the incidence of complications between the ERAS group and the control group.
ERAS group than for those in the non-ERAS group (p=0.0003).
Maempel8 indicated that a significant difference was found in
the VAS scores between the two groups (p<0.001); the ERAS
group scores were superior to those of the non-ERAS group,
while there was no significant difference in the amplitude of
variation between the two groups (p=0.55). The demands for
analgesic drugs were higher for all patients in the first 2 days of
recovery. After that, 50% of the patients in the ERAS group had
discontinued their use of analgesic drugs 41 days later whereas
it took 71 days after surgery for those in the non-ERAS group to
reach that same 50% benchmark. Christelis6 reported no difference in VAS scores between the two groups, but patients in the
ERAS group had a higher degree of satisfaction at 6 weeks after
surgery. Stowers’13 study included a comprehensive index of
hospital costs. The average total costs for THA and TKA hospitalisation in New Zealand dollars were as follows: THA, ERAS
$10 638.66 versus non-ERAS $13,216.89, p=0.057; TKA, ERAS
$11 804.80 versus non-ERAS $12,045.35, p=0.326. There was
no significant difference with the latter.

Discussion

After the introduction of the ERAS concept by Danish surgeon
H. Kehlet in the 1990s, more and more studies demonstrated
that ERAS is superior to traditional treatment in terms of safety
and efficacy for various afflictions in the perioperative period.15
As our knowledge of the ERAS concept has grown, its applicability in increasing the safety and efficacy of postoperative
care and recovery for patients undergoing orthopaedic arthroplasty has also grown. A large number of investigations report
that LOS after arthroplasty can be reduced from 4–12 days to
1–3 days with no significant increase in the incidence of complications and readmissions.12 15–17 At the same time, studies show
that ERAS can benefit the vast majority of patients receiving
hip or knee arthroplasty, including older patients, patients with
preoperative cardiopulmonary disease or type II diabetes, as
well as those with complications due to tobacco, alcohol or
other substance misuse issues.18 19 In addition, Khan et al16
retrospectively analysed 1744 patients who underwent TKA

and also received ERAS. They found that ERAS significantly
shortened LOS, reduced reoperation rate, readmission rate
and other aspects compared with the results of 1631 patients
treated with traditional TKA. The study also found that transfusion rates and incidence of heart events were lower in the ERAS
group than in the control group. Most studies have shown that
ERAS was safe and effective, that it can speed up the patient's
recovery process, their reliance on costly pain medication, and
that it improves patient satisfaction. More importantly, using
ERAS saves valuable medical resources.
The case for the safety and efficacy of ERAS in THA and
TKA seems overwhelmingly clear. But what specific changes
in current practice do we need to implement? The changes
needed in the current application of ERAS in the perioperative
period of arthroplasty can be summarised as follows20: greater
patient education; perioperative nutritional support; anaesthesia
management: optimisation of anaesthesia, shortening fasting
time,21 preoperative oral carbohydrate,22 early postoperative
feeding, restrictive infusion23; minimally invasive surgery, i.e. the
DAA approach,24 the medial vastus muscle approach;25 blood
management: anaemia management, application of tranexamic
acid,25 controlled hypotension; prevention of infection and
venous thromboembolism; optimisation of analgesic regimen:
preemptive analgesia, peripheral nerve block, local infiltration
anaesthesia, postoperative multimode analgesia; optimised
application of tourniquet, drainage tube and catheter; sleep
management; prevention of nausea and vomiting; functional
recovery exercise; and follow-up management after discharge.
Unfortunately, most surgeons generally focus on surgical
technique alone, disregarding the perioperative management of
patients altogether. The implementation of ERAS has not been
sufficiently inculcated into the minds of every medical practitioner. In future medical work, we must follow evidence-based
best practice, optimal medical models and ERAS under pathophysiology, but more importantly, all the staff need to actively
commit to working together. This means everyone including
surgeons, anaesthesiologists, nurses, nutritionists and physiotherapists. In addition, we need to obtain the support and

Figure 4 Comparison of 30-day readmission rate between ERAS and control group.
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Figure 5 Analysis of publication bias for postoperative complications from seven studies (funnel plot of standard error of log odds ratio vs odds
ratio for the incidence of postoperative complications in ERAS group compared with non-ERAS group). ERAS, enhanced recovery after surgery.
understanding of patients. Only in this way can we get rid of the
shackles of traditional ideas and achieve real enhanced recovery.
The meta-analysis included in the system showed that the
application of ERAS can reduce hospital days (figure 2), but not
increase complications and 30-day readmission rate (figures 3
and 4). The LOS in this paper had great heterogeneity, so we
further analysed a subgroup of LOS, which showed that the
sample size of the ERAS group and the control group is one of
the causes of heterogeneity, and there were many other clinical reasons affecting LOS heterogeneity (including a variety of
optimisation measures taken by ERAS). But we think that the
result of LOS heterogeneity is significant: the aim of ERAS in
the arthroplasty perioperative period is to reduce the hospitalisation time without increasing complications and readmission. Compared with the LOS of the non-ERAS group, the LOS
of the ERAS groups included in the literature5 6 9 10 12–14 had
different degrees of reductions in the perioperative period after
a series of optimisation schemes for joint replacement, which
was the main clinical cause for the heterogeneity. This would
have guiding significance for the implementation of ERAS in
the perioperative period of clinical joint replacement. In this
paper, a meta-analysis was used to further elucidate the safety
and efficacy of ERAS for patients receiving arthroplasty during
the perioperative period, and to provide evidence-based medical
evidence for best practice clinical work. We hope to further root
the ERAS concept in the hearts of every medical practitioner for
the benefit of all patients.
This is the first meta-analysis of ERAS in arthroplasty. We
maximised the sample size by retrieving a large, powerful database from relevant studies that conformed to valid restrictions,
including only RCT and CCT studies, ensuring the scientific
reliability of the studies. But there were some limitations. This
study had language restrictions, retrieving only studies published
Zhu S, et al. Postgrad Med J 2017;93:736–742. doi:10.1136/postgradmedj-2017-134991

in English, so language or publication standards bias might exit.
In addition, the number of truly high-quality studies eligible
under these standards was too small. This might have caused bias
in the final results. Some of the studies we rejected mentioned
the word ‘random’ but did not describe the specific method
employed, and did not mention whether a blind methodology
was used or whether it had had any dropout or not, which might
cause a certain degree of bias risk. However, with this analysis,
we feel we have brought up to date the discussion about the
role of existing surgical procedures in recovery approaches. It is
through these evidence-based changes that we find a reduction
in the complications of arthroplasty, a significant reduction in
LOS, as well as multiple improvements after surgery.

Main messages
►► Enhanced recovery after surgery (ERAS) is becoming a focus

for clinical research.

►► There is no consensus on the effectiveness of ERAS.
►► This systematic review and meta-analysis estimates the

efficacy and safety of ERAS in knee and hip arthroplasty.

Current research questions
►► Enhanced recovery after surgery produces exciting clinical

results in the field of orthopaedics, especially in joint surgery.

►► Most surgeons generally focus on surgical techniques but

disregard the perioperative management of patients.

►► The effect of ERAS on arthroplasty does not form a unified

opinion.
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