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Abstract 

Background  Short-stay joint replacement programmes are used in many countries but there has been little scrutiny 
of safety outcomes in the literature. We aimed to systematically review evidence on the safety of short-stay pro‑
grammes versus usual care for total hip (THR) and knee replacement (KR), and optimal patient selection.

Methods  A systematic review and meta-analysis. Randomised controlled trials (RCTs) and quasi-experimental stud‑
ies including a comparator group reporting on 14 safety outcomes (hospital readmissions, reoperations, blood loss, 
emergency department visits, infection, mortality, neurovascular injury, other complications, periprosthetic fractures, 
postoperative falls, venous thromboembolism, wound complications, dislocation, stiffness) within 90 days postop‑
eratively in adults ≥ 18 years undergoing primary THR or KR were included. Secondary outcomes were associations 
between patient demographics or clinical characteristics and patient outcomes. Four databases were searched 
between January 2000 and May 2023. Risk of bias and certainty of the evidence were assessed.

Results  Forty-nine studies were included. Based upon low certainty RCT evidence, short-stay programmes may 
not reduce readmission (OR 0.95, 95% CI 0.12–7.43); blood transfusion requirements (OR 1.75, 95% CI 0.27–11.36); 
neurovascular injury (OR 0.31, 95% CI 0.01–7.92); other complications (OR 0.63, 95% CI 0.26–1.53); or stiffness (OR 
1.04, 95% CI 0.53–2.05). For registry studies, there was no difference in readmission, infection, neurovascular injury, 
other complications, venous thromboembolism, or wound complications but there were reductions in mortality 
and dislocations. For interrupted time series studies, there was no difference in readmissions, reoperations, blood loss 
volume, emergency department visits, infection, mortality, or neurovascular injury; reduced odds of blood transfu‑
sion and other complications, but increased odds of periprosthetic fracture. For other observational studies, there 
was an increased risk of readmission, no difference in blood loss volume, infection, other complications, or wound 
complications, reduced odds of requiring blood transfusion, reduced mortality, and reduced venous thromboem‑
bolism. One study examined an outcome relevant to optimal patient selection; it reported comparable blood loss 
for short-stay male and female participants (p = 0.814).
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Conclusions  There is low certainty evidence that short-stay programmes for THR and KR may have non-inferior 
90-day safety outcomes. There is little evidence on factors informing optimal patient selection; this remains an impor‑
tant knowledge gap.

Keywords  Enhanced recovery after surgery, Fast-track, Hip arthroplasty, Hip replacement, Knee arthroplasty, Knee 
replacement, Models of care, Safety, Short-stay joint replacement, Systematic review

Background
The demand for total hip (THR) and knee replacement 
(KR) surgeries is increasing with the growing burden of 
osteoarthritis [1–3]. Between 2009 and 2019, the average 
rate of THR and KR increased by 22 and 35%, respec-
tively, across all Organisation for Economic Co-operation 
and Development (OECD) countries [4]. The Australian 
Orthopaedic Association National Joint Replacement 
Registry (AOANJRR) [5] and the United Kingdom (UK) 
National Joint Registry [6] have each reported that delays 
in accessing joint replacement surgery, combined with 
anticipated growing demand, need to be addressed.

The capacity to meet expected joint replacement 
demand requires safe and efficient models of care. Short-
stay programmes (also known as ‘fast track’, ‘enhanced 
recovery after surgery’ or ‘rapid recovery’ programmes) 
are those which seek to reduce acute hospital length of 
stay after elective primary THR or KR surgery [7]. Short-
stay programmes utilise a clinical pathway that enhances 
functional recovery and facilitates earlier patient dis-
charge. Features of these programmes may include (but 
are not limited to) pre-operative education, standardised 
anaesthetic protocol and/or utilisation of local anaesthe-
sia, postoperative nausea prophylaxis, blood conserva-
tion measures and multimodal analgesia [8–10].

Short-stay programmes have been successfully imple-
mented in the United States (US) and some European 
countries [11, 12] yet they remain underutilised in 
Australia [9, 13]. Systematic reviews have found that 
short-stay programmes for THR and KR are associated 
with reduced healthcare and patient costs [14], yet few 
controlled trials have been conducted on their safety. 
Reviews of short-stay programmes have thus far focused 
on a limited set of safety outcomes compared to usual 
care: one review reported fewer complications with 
short-stay programmes [15], and another found no effect 
on complications or hospital readmission [8]. Factors 
associated with poorer patient outcomes have not been 
systematically examined, yet this information is essential 
for guiding appropriate patient selection. Establishing the 
safety profile of short-stay programmes, and factors asso-
ciated with suboptimal outcomes could inform future 
efforts to develop, implement and scale-up short-stay 
joint replacement programmes in Australia and other 
countries where these are not commonly used.

This study aimed to systematically review the evidence 
on the safety of short-stay THR and KR programmes, 
compared with usual care, and patient factors associated 
with poor outcomes.

Methods
Design
This study is a systematic review. The protocol was 
registered on the PROSPERO International Prospec-
tive Register of Systematic Reviews (registration num-
ber 351026) and is reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
ysis (PRISMA) statement (Supplementary File 1) [16]. 
The second component of the registered review proto-
col (comprising a review of qualitative studies examining 
barriers and enablers to the implementation and sustain-
ability of short-stay joint replacement programmes) will 
be reported separately.

Eligibility criteria
We included randomised controlled trials (RCTs) as well 
as registry, interrupted time series, and other observa-
tional studies. The studies could have been conducted in 
any setting that compared a short-stay programme for 
adults aged ≥ 18 years undergoing unilateral or bilateral, 
total or uni-compartmental KR or THR, included a usual 
care (traditional or standard care) comparator group, and 
reported safety outcomes within 90 days post-operatively, 
and/or associations between patient demographics and/
or clinical characteristics and patient outcomes. Short-
stay programmes were those that specifically identified 
as being ‘short-stay’, ‘enhanced recovery after surgery’, 
‘enhanced recovery’, ‘fast-track’, ‘accelerated discharge’, 
‘early discharge’ or ‘rapid recovery’ programmes or mod-
els of care. A standardised definition of a short-stay pro-
gramme was not adopted as such programmes are not 
delivered consistently across hospital settings or coun-
tries, and length of stay targets are variable. There was no 
study size restriction, but we excluded studies not pub-
lished in English.

Exclusions were studies that only compared the partial 
implementation of a short-stay programme (represent-
ing the use of short-stay programme components rather 
than a usual care comparator) with full implementation 
of the programme, reviews, conference publications, case 
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studies and grey literature. Studies reporting solely on 
joint replacement for traumatic injury (including trau-
matic fracture) or malignancy, or studies reporting solely 
on revision joint replacement were also excluded. Where 
studies involved mixed cohorts of patients, these were 
only eligible for inclusion if data for patients undergoing 
primary elective joint replacement were reported sepa-
rately. Studies that focused on same-day discharge or out-
patient joint replacement programmes were excluded as 
these patient populations are highly selected (these pro-
grammes are appropriate for a relatively small proportion 
of patients, based on clinical, social and home environ-
ment factors) and these types of programmes do not fea-
ture prominently in the Australian healthcare system.

Outcomes
Safety outcomes and patient-related outcomes were 
selected based on discussions with the multidisciplinary 
research team, which comprised expertise in orthopae-
dic surgery, rheumatology, public health, physiotherapy, 
health economics and consumer-led research.

Fourteen safety outcomes were included: (1) read-
missions, (2) reoperations, (3) blood loss (including 
requiring a blood transfusion), (4) emergency depart-
ment visits, (5) infection, (6) mortality, (7) neurovascu-
lar injury, (8) other complications (when not specifically 
defined), (9) periprosthetic fractures, (10) postoperative 
falls, (11) venous thromboembolism (deep vein throm-
bosis (DVT) or pulmonary embolism (PE)), (12) wound 
complications, (13) dislocation and (14) stiffness and/or 
manipulation. Blood loss was measured in millilitres (ml) 
and the remaining outcomes had dichotomous responses 
(yes/no).

Six patient-related outcomes were considered in rela-
tion to patient demographics or clinical characteris-
tics: (1) activities of daily living, including ambulation 
and mobility, (2) functional outcomes, (3) joint-specific 
patient-reported outcome measures (PROMs), (4) pain 
at rest or during activity, (5) patient satisfaction and (6) 
quality of life.

Search strategy and identification and selection 
of included papers
An electronic literature search was undertaken in 
Medline (OVID), Cumulative Index to Nursing and 
Allied Health Literature (CINAHL), EMBASE and the 
Cochrane Central Register of Controlled Trials (CEN-
TRAL). A comprehensive search strategy was designed 
using relevant search terms (Supplementary File 2). The 
reference lists of the included studies were hand searched 
to identify any additional primary studies. The search 
strategy was limited to articles published between 2000 
and August 2022. We ran an updated search from 2022 

to May 2023 before finalising the review for publication. 
We also searched ClinicalTrials.gov to identify current 
research and any published results on short-stay THR or 
KR programmes [17].

The retrieved articles were loaded into Covidence 
software (Veritas Health Innovation Ltd, Melbourne, 
Australia). Two review authors (IA, PV) independently 
screened the titles and abstracts of all retrieved studies 
to determine eligibility. The full texts of all potentially eli-
gible studies were reviewed independently by the same 
two review authors to determine final inclusion. At each 
review stage, discordance regarding eligibility was dis-
cussed and resolved through consensus. Where agree-
ment could not be reached, a third reviewer (RB) was 
consulted.

Assessment of risk of bias
The risk of bias was assessed independently by two 
reviewers (IA, DB) using validated critical appraisal 
tools from the Joanna Briggs Institute (JBI). The JBI 
critical appraisal tools included nine items for quasi-
experimental studies, and 13 items for RCTs [18]. The 
following domains were assessed for RCTs and each 
potential source of bias was judged as low risk or high 
risk based on yes/no/unclear (yes low risk, no and 
unclear high risk) responses to the items: selection and 
allocation, administration of intervention/exposure, 
assessment, detection and measurement of the outcome, 
participant retention and statistical conclusion valid-
ity [19]. The following domains were assessed for the 
quasi-experimental studies and each potential source of 
bias was judged using the same methods: the temporal 
relationship of the variables (whether it is clear that the 
intervention precedes the outcome), selection bias, con-
trol group, multiple measurements of the outcome, loss 
to follow-up and statistical conclusion validity [20].

Data extraction and management
One review author (DB) independently extracted data 
from the included studies using a customised spread-
sheet. A second author (IA) independently extracted a 
random 10% sample of these data to check for consist-
ency. Data extracted included the study design, country, 
surgical procedure, gender, age, intervention compo-
nents (mapped to the Consensus statement for periop-
erative care in THR and KR: Enhanced Recovery After 
Surgery (ERAS®) Society recommendations) [21], and 
relevant outcomes concerning the safety profile and asso-
ciations between patient factors and surgical outcomes. 
For studies that contained more than one short-stay 
group (for example, partial implementation of short-stay 
components, full implementation of short-stay compo-
nents and a usual care group), only the data for the full 
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implementation group was extracted and compared with 
the usual care group.

Data analysis
Study characteristics and demographic data were 
reported using means (standard deviation (SD)), medians 
(interquartile range (IQR)) or frequencies as appropri-
ate. Any data on associations between patient factors and 
outcomes were reported as published, without further 
analysis. The diversity of included studies was assessed 
in terms of study design, interventions and outcomes 
to determine whether a meta-analysis was appropriate. 
When pooling was appropriate, data were combined 
according to study design to examine outcomes based 
on the level of evidence. Between-study variability was 
assessed using the I2 statistic. The I2 values were inter-
preted based on the Cochrane Handbook for System-
atic Reviews of Interventions (0–40% may be important, 
30–60% moderate, 50–90% substantial, > 75% considera-
ble) [22]. Where both adjusted and unadjusted effect esti-
mates were reported, we used the unadjusted estimate 
for meta-analysis.

Where meta-analysis was not possible due to signifi-
cant diversity of outcome measures or only one study 
reporting a particular outcome, relevant outcome data 
were extracted and reported as published. Safety out-
comes for THR and KR were combined for meta-analysis 
except for dislocation (relevant only for THR) and stiff-
ness and/or manipulation (relevant only for KR).

For the number of events or binary outcomes, a ran-
dom effects model was used and odds ratios (ORs) with 
95% confidence intervals (CIs) were calculated. The 
Mantel–Haenszel method was used to weight each esti-
mate. For continuous outcomes, a random effects model 
was used and the mean difference with 95% confidence 
intervals was calculated. The generic inverse variance 
method was used to weight each estimate. A random 
effects model was chosen to allow for observed differ-
ences in study results that may be due to a combination 
of chance and some genuine variation in the intervention 
effects [22]. All analyses were conducted using Review 
Manager, V.5.4 (Revman, The Cochrane Collaboration; 
Oxford, UK).

Grading the certainty of evidence
The certainty of the evidence was assessed separately 
for the RCTs, followed by the registry, interrupted time 
series and other observational studies by two reviewers 
(DB, IA). The certainty of the RCT evidence was assessed 
using the five GRADE considerations (risk of bias, con-
sistency of effect, indirectness, imprecision and publi-
cation bias). The methods described in the Cochrane 
Handbook for Systematic Reviews of Interventions were 

followed [23]. In accordance with the GRADE hand-
book, quasi-experimental studies (registry, interrupted 
time series and other observational studies) were initially 
graded as low certainty evidence and downgraded for 
imprecision, indirectness, inconsistency or publication 
bias, or upgraded if a large magnitude of effect or dose–
response gradient was found [24]. The summary of find-
ings table is presented for the RCTs only.

Results
Figure 1 summarises the search and screening processes. 
The electronic search (2000–August 2022) identified 
5411 studies for potential inclusion. After duplicates 
were removed, 4872 titles and abstracts were screened, 
101 full-text articles were screened and overall 46 stud-
ies were included. The search was updated (2022–May 
2023). An additional 776 studies were identified for 
potential inclusion; after duplicates were removed, 602 
titles and abstracts were screened, seven full-text articles 
were screened and overall three studies were included. 
We also identified four trials published on ClinicalTrials.
gov; none have published results thus far.

Trial design, setting, and characteristics
The study and participant characteristics of the 49 
included studies as well as a description of the short-
stay and usual care groups are shown in Table  1. They 
were published from 2005 to 2023 and originated from 
sixteen countries: thirteen from the United Kingdom 
(UK) [25–37], seven from the United States (US) [38–
44], four from China [45–48], three studies each from 
France [49–51], Italy [52–54] and the Netherlands [55–
57], two studies each from Canada [58, 59], Denmark 
[60, 61], New Zealand [62, 63], and Sweden [64, 65], and 
one study each from Australia [66], Brazil [67], Germany 
[68], India [69], Ireland [70], Norway [71], Spain [72] and 
Switzerland [73].

Three (6%) included studies were RCTs [33, 57, 61] and 
the remainder (n = 46, 94%) used a quasi-experimental 
study design [25–32, 34–56, 58–60, 62–73]. Most had an 
interrupted time series design (n = 35, 76%) [25–32, 34, 
35, 37–45, 49, 50, 53–56, 58–60, 62, 63, 66, 67, 69–71] 
where post-implementation data were compared with 
pre-implementation data. Nine (20%) used other obser-
vational designs [36, 46–48, 51, 52, 68, 72, 73], and two 
were registry data studies (4%) [64, 65].

More than half (n = 25, 51%) included participants 
undergoing either hip or KR [25, 28, 31, 34–36, 38, 39, 42, 
44, 45, 49, 51, 53, 54, 59, 60, 62–66, 70, 72, 73], 13 (27%) 
included participants undergoing TKR only [26, 27, 30, 
32, 43, 46, 47, 50, 52, 56–58, 69], 11 (22%) included par-
ticipants undergoing THR only [11, 29, 37, 40, 41, 48, 
55, 61, 67, 68, 71], one included participants undergoing 
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unicompartmental KR [33], one included participants 
undergoing bilateral total KR [69] and one included par-
ticipants undergoing either unilateral or same-day bilat-
eral THR [67].

The sample size varied substantially between studies, 
ranging from 41 participants in an RCT [33] to 116,293 
participants in an arthroplasty registry-based study [64]. 
Females represented the majority (n = 31, 63%) of short-
stay joint replacement participants in most studies [27–
32, 34, 35, 37, 40, 42, 43, 45–50, 54, 55, 57, 58, 62–65, 67, 
69, 71–73] and participant sex was not provided in four 

studies [36, 51, 52, 60]. Among the studies that reported 
age, participants were aged between ≤ 49 and 90  years 
with age not provided in three studies [51, 60, 70].

Intervention characteristics
Short-stay interventions varied considerably across stud-
ies, in both their scope and content, and how they were 
described. As shown in Table 2, the most common short-
stay interventions were early mobilisation (n = 41, 84%), 
perioperative information (n = 37, 76%), perioperative 
oral analgesia (n = 35, 71%), use of local anaesthesia for 

Fig. 1  PRISMA 2020 flow diagram
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infiltration analgesia and nerve blocks (n = 34, 69%) and 
criteria-based discharge (n = 31, 63%).

Additional short-stay components that were used in 
the included studies, but are not a part of the ERAS Soci-
ety recommendations, include (1) patient admission the 
night before or the morning of surgery [29, 30, 35, 39, 
50, 54, 56, 58, 60, 64, 65, 69, 70], (2)  multidisciplinary 
staff (for example, physiotherapists, occupational thera-
pists, social workers) working with short-stay patients 
for holistic care [27, 32, 38, 40, 41, 47, 53, 54, 58, 67, 70], 
(3)  preoperative carbohydrate and/or protein loading to 
reduce the metabolic stress of starvation [27, 46–48, 60, 
69, 72], (4)  preoperative staff education on short-stay 
joint replacement programmes [28, 31, 34, 49, 58, 60, 
69], (5)  hypnotics to promote patient compliance with 
early mobilisation [45], (6) wearing patients’ own clothes 
during admission to promote patient comfort and satis-
faction [43, 60], (7)  not using negative vacuum suction 
drains [69, 71], [8] low tidal volume ventilation strat-
egy to prevent ventilator-associated lung injury [38, 62], 
(9)  higher dose of steroids [45], and (11)  preoperative 
physiotherapy [73].

Risk of bias assessment results
Randomised controlled trials
Risk of bias results for the RCTs can be found in Supple-
mentary File 3. All three trials were at low risk of selec-
tion bias but they were all at high risk of performance 
and detection bias as allocation to treatment groups was 
not concealed and neither participants nor the treating 
surgeons were blinded. One trial blinded the surgeon 
responsible for discharging participants [61], one blinded 
the physiotherapist responsible for collecting patient-
reported outcome data (this occurred at 6  months and 
was not included in our review) [33], and one did not 
attempt to blind staff [57]. Two studies were at low risk 
of assessment bias [33, 61], but one was at high risk based 
on unclear information on participants lost to follow-up 
[57]. There were few losses to follow-up, reflecting a low 
risk of attrition bias. Appropriate statistical analysis was 
used in all trials.

Quasi‑experimental studies
Risk of bias results for the quasi-experimental stud-
ies can be found in Supplementary File 3. The temporal 
relationship of the variables was clear in all but one study 
[51]. The two registry studies were at low risk of selec-
tion bias as participants were from the Swedish Hip and 
Knee Arthroplasty Registers, which have 100% national 
coverage and 96–98% completeness for primary THR 
and TKR surgeries [64, 65]. All other quasi-experimental 
studies were at high risk of selection bias: 22 studies due 

to between-group differences at baseline that may have 
influenced study outcomes [25, 26, 28, 29, 31, 34–37, 
39–41, 44, 48, 49, 52, 59, 64, 65, 71–73] and one due to 
unclear descriptions of the short-stay intervention com-
pared with usual care [55]. Twenty-four studies provided 
data showing that short-stay and usual care group partic-
ipants had comparable demographics [27, 30, 32, 38, 42, 
43, 45–47, 50, 51, 53–56, 58, 60, 62, 66–70].

Only ten studies conducted multiple outcome assess-
ments both pre- and post-intervention [29–32, 43, 46–
48, 54, 65], but most outcomes included in this review 
only required one measurement (for example, readmis-
sion, mortality, reoperation).

Both registry studies were judged to be at high risk of 
loss to follow-up due to unclear explanations of partici-
pants who were potentially lost to follow-up within the 
registry [64, 65]. All other quasi-experimental studies 
were at high risk of loss to follow-up, but 25 provided 
data on the number of participants who did not complete 
the study [25, 27, 30, 32, 34, 35, 38–42, 44, 45, 47, 49–51, 
53, 55, 58, 60, 62, 67, 69, 73]. We found that 20 studies 
were at risk of lacking validity based on outcomes not 
being measured in a reliable way, or the use of inappro-
priate statistical analysis [30, 35–37, 44–46, 48, 51, 52, 54, 
55, 58, 62, 63, 66–70]. All studies were considered at low 
risk of reporting bias.

Effects of interventions
The safety outcomes included in each study can be found 
in Table 3.

RCT evidence
Data from the RCTs were available for only five of the 
pre-specified 14 safety outcomes: readmissions [33, 61], 
blood loss (including requiring blood transfusion) [61], 
other complications [33, 57, 61], neurovascular injury 
[57], and stiffness and/or manipulation [33, 57]. Table 4 
displays the GRADE results, Supplementary File 4 dis-
plays the forest plots, and Supplementary File 5 sum-
marises reported outcome data that were not able to be 
included in pooled analyses.

Readmissions  There was low certainty evidence that 
short-stay programmes may not reduce the odds of hos-
pital readmission compared to usual care (short-stay: 
2/48 [4.2%], usual care: 2/50 [4.0%], OR 0.95, 95% CI 0.12 
to 7.46; two trials, 98 participants). The certainty of evi-
dence was downgraded for imprecision due to the small 
number of studies and events.

Blood transfusion  Compared with usual care, there was 
low certainty evidence that short-stay programmes may 
not reduce blood transfusion requirements (short-stay: 
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3/27 [11.1%], usual care: 2/30 [6.7%], OR 1.75, 95% CI 
0.27 to 11.36; one trial, 57 participants). The certainty 
of evidence was downgraded for imprecision due to the 
very low event rate from a single study. There was less 
postoperative bleeding in the short-stay group (average 
234.1 ml), compared to usual care (average 387.9 ml), but 
post-operative haemoglobin levels were similar (short-
stay average 6.94, usual care average 6.94).

Neurovascular injury  There was low certainty evidence 
that short-stay programmes may not reduce the odds of 
neurovascular injury, compared to usual care (short-stay: 
0/25 [0%], usual care: 1/24 [4.2%]; OR 0.31, 95% CI 0.01 
to 7.92; one trial, 49 participants [57]). The certainty of 
the evidence was downgraded for imprecision due to the 
very low event rate from a single study.

Other complications  There was low certainty evidence 
that short-stay programmes may not reduce the odds of 
experiencing other complications, compared to usual care 
(short-stay: 11/73 [15.1%], usual care: 17/74 [23.0%]; OR 
0.63, 95% CI 0.26 to 1.53; three trials, 147 participants, 
I2 = 0%). The certainty of the evidence was downgraded for 
imprecision due to the small number of studies and events.
Stiffness and/or manipulation  There was low certainty 
evidence that short-stay programmes may not reduce the 
odds of stiffness and/or requiring manipulation compared 
to usual care (short-stay: 2/46 [4.3%], usual care: 1/44 [2.3%]; 
OR 1.04, 95% CI 0.53 to 2.05; two trials, 90 participants, 
I2 = 0%). The certainty of evidence was downgraded for 
imprecision due to the small number of studies and events.

No trials assessed reoperations, emergency department 
visits, infection, mortality, periprosthetic fractures, post-
operative falls, venous thromboembolism, wound com-
plications, or dislocation.

Registry evidence
Data from the registries were available for nine of the pre-
specified 14 safety outcomes: readmissions [65], infec-
tion [65], mortality [64, 65], neurovascular injury [65], 
other complications [65], venous thromboembolism [65], 
wound complications [65], dislocation [65], and stiffness 
and/or manipulation [65]. The certainty of the evidence 
was low. The evidence was not downgraded (there was 
no serious imprecision, no serious indirectness as the 
variability likely reflects what happens in practice, no 
inconsistency, and little evidence of publication bias) or 
upgraded (no large magnitude of effect and no evidence 
of a large dose–response gradient). Supplementary File 4 
displays the forest plots and Supplementary File 5 sum-
marises reported outcome data that were not able to be 
included in pooled analyses.

Infection  There was low certainty evidence that short-
stay programmes may not reduce the odds of experi-
encing infection, compared to usual care (short-stay: 
90/7345 [1.2%], usual care: 88/6803 [1.3%]; OR 0.95, 95% 
CI 0.70 to 1.27; one study; 14,148 participants).

Mortality  There was low certainty evidence that short-
stay programmes may reduce the odds of mortality, com-
pared to usual care (short-stay: 171/75,017 [0.2%], usual 
care: 195/55,424 [0.4%]; OR 0.64, 95% CI 0.52 to 0.79; two 
studies; 130,441 participants, I2 = 0%). The hazard ratios 
(HRs) of mortality within 30 and 90 days were lower in 
the fast-track group for both THR (HR 0.80, 95% CI 0.55 
to 1.17) and TKR (HR 0.69, 95% CI 0.45 to 1.07).

Neurovascular injury  There was low certainty evidence 
that short-stay programmes may not reduce the odds of 
neurovascular injury, compared to usual care (short-stay: 
28/7345 [0.4%], usual care: 26/6803 [0.4%]; OR 1.00, 95% 
CI 0.58 to 1.70; one study; 14,148 participants).

Other complications  There was low certainty evidence 
that short-stay programmes may not reduce the odds of 
experiencing other complications compared to usual care 
(short-stay: 563/7345 [7.7%], usual care: 511/6803 [7.5%], 
OR 1.03, 95% CI 0.90 to 1.16; one study, 14,148 partici-
pants). There was no difference in the odds of experienc-
ing other complications between short-stay and usual 
care groups (short-stay THR 30 days: OR 1.1, 95% CI 0.9 
to 1.3; short-stay THR 90 days: OR 1.1, 95% CI 0.9, 1.2; 
short-stay TKR 30 days: OR 1.1, 95% CI 0.9 to 1.3; short-
stay TKR 90 days: OR 1.2, 95% CI 1.0 to 1.4).

Venous thromboembolism  There was low certainty evi-
dence that short-stay programmes may not reduce the 
odds of venous thromboembolism, compared to usual care 
(short-stay: 80/7270 [1.1%], usual care: 67/6640 [1.0%], OR 
1.09, 95% CI 0.79 to 1.51; one study, 13,910 participants).

Wound complications  There was low certainty evidence 
that short-stay programmes may not reduce the odds of 
wound complications, compared to usual care (short-
stay: 84/7270 [1.2%], usual care: 90/6640 [1.4%], OR 0.85, 
95% CI 0.63 to 1.15; one study; 13,910 participants).

Dislocation  There was low certainty evidence that 
short-stay programmes may reduce the odds of disloca-
tion, compared to usual care (short-stay: 33/7345 [0.45%], 
usual care: 51/6803 [0.75]; OR 0.60, 95% CI 0.39 to 0.93; 
one study; 14,148 participants).

Stiffness and/or manipulation  There was low certainty 
evidence that short-stay programmes may not reduce the 
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odds of stiffness and/or manipulation, compared to usual 
care (short-stay: 18/7345 [0.2%], usual care: 16/6803 [0.2%], 
OR 1.04, 95% CI 0.53 to 2.05; one study, 14,148 participants).

No registry studies assessed reoperations, blood loss 
(including requiring a blood transfusion), emergency 
department visits, periprosthetic fractures or postopera-
tive falls.

Interrupted time series evidence
Data from the interrupted time series studies were avail-
able for 13 of the 14 pre-specified safety outcomes: read-
missions [28, 31, 35, 37–39, 41, 42, 44, 45, 49, 50, 54–56, 
59, 60, 62, 63, 66, 67, 69, 70], reoperations [25, 28, 31, 42, 
44, 50, 54, 55, 63, 71], blood loss (including requiring a 
blood transfusion) [25, 28, 30–32, 42, 50, 53, 54, 59, 62, 67, 
69], emergency department visits [58, 59], infection [45, 
50, 55, 63, 67, 69], mortality [28, 31, 34, 35, 50, 54, 60, 62, 
63, 67, 69], neurovascular injury [67], other complications 
[25, 27–32, 37, 40, 42–45, 49, 50, 53, 55, 58, 60, 63, 66, 67, 
69], periprosthetic fracture [45, 67], venous thromboem-
bolism [28, 31, 32, 37, 42, 43, 50, 54, 69], wound complica-
tions [25, 30, 42–45, 62, 63], dislocation [37, 45, 55, 63, 67] 
and stiffness and/or manipulation [43, 50].

The certainty of the evidence was low and not down-
graded or upgraded. Supplementary File 4 displays 
the forest plots, and Supplementary File 5 summarises 
reported outcome data that were not able to be included 
in pooled analyses.

Readmissions  There was low certainty evidence that 
short-stay programmes may not reduce the odds of hos-
pital readmissions, compared to usual care (short-stay: 
443/12,571 [3.5%], usual care: 552/13,322 [4.1%]; OR 
0.86, 95% CI 0.72 to 1.03; 21 studies; 25,893 participants; 
I2 = 18%). There was no significant difference in the per-
centage of readmissions from short-stay and usual care 
participants [55] and no significant difference in readmis-
sions between short-stay and usual care groups at 30 and 
90 days [70].

Reoperation  There was low certainty evidence that 
short-stay programmes may not reduce the odds of reop-
eration, compared to usual care (short-stay: 89/8266 
[1.1%], usual care: 192/13,334 [1.4%]; OR 0.75, 95% CI 
0.47 to 1.19; 9 studies; 21,600 participants; I2 = 48%).

Blood loss (including requiring a blood transfu-
sion)  There was low certainty evidence that short-stay 
programmes may not reduce blood loss volume, com-
pared to usual care (OR − 0.20, 95% CI − 0.98 to 0.59; two 
studies; 646 participants; I2 = 89%). There was low cer-
tainty evidence that short-stay programmes may reduce 

the odds of requiring a blood transfusion, compared to 
usual care (short-stay: 720/10,086 [0.7%], usual care: 
1470/8631 [17.0%], OR 0.36, 95% CI 0.26 to 0.50; 13 stud-
ies, 18,717 participants; I2 = 82%).

Short-stay participants had a lower reduction in mean 
haemoglobin [30, 53, 69] and one study reported that 
this was significantly lower for the short-stay group [30]. 
Median postoperative haemoglobin levels were also sig-
nificantly higher for short-stay participants (TKR short-
stay: 11.5, usual care: 10.6, between group difference 
0.02, 95% CI − 1.40, − 0.20; THR short-stay: 11.5, usual 
care: 10.1, between group difference > 0.01, 95% CI − 1.80 
to − 0.60) [25]. Percentage blood loss was reported in two 
studies [31, 62] and found to be significantly lower for the 
short-stay group [31]. There was no between-group dif-
ference in the proportion of participants requiring intra-
operative or postoperative transfusion in one study [59], 
but significantly lower for short-stay participants in two 
separate studies [50, 54].

Emergency department visits  There was low certainty 
evidence that short-stay programmes may not reduce the 
odds of emergency department visits, compared to usual 
care (short-stay 30/383 [7.8%], usual care 28/282 [9.9%]; 
OR 0.77, 95% CI 0.45 to 1.32; 2 studies; 665 participants; 
I2 = 0%).

Infection  There was low certainty evidence that short-
stay programmes may not reduce the odds of infection, 
compared to usual care (short-stay: 11/1113 [0.99%], 
usual care: 9/950 [0.95%]; OR 0.77, 95% CI 0.29, 2.02; 6 
studies; 2083 participants; I2 = 8%).

Mortality  There was low certainty evidence that short-
stay programmes may not reduce the odds of mortality, 
compared to usual care (short-stay: 31/10,936 [0.28%], 
usual care: 77/9353 [0.82%]; OR 0.42, 95% CI 0.13, 1.35; 
9 studies; 20,289 participants; I2 = 74%). Survival prob-
ability at 1 and 3  months was reported to be the same 
between short-stay and usual care participants [34] and 
the percentage of deaths was 0.1% for both groups in a 
separate study [54].

Neurovascular injury  There was low certainty evidence 
that short-stay programmes may not reduce the odds of 
neurovascular injury, compared to usual care (short-stay: 
1/47 [2.1%], usual care: 2/51 [3.9%]; OR 0.53, 95% CI 0.05, 
6.07; 1 study; 98 participants).

Other complications  There was low certainty evidence 
that short-stay programmes may reduce the odds of 
other complications, compared to usual care (short-stay: 
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953/10,621 [9.0%], usual care: 1306/11,743 [11.1%]; OR 
0.71, 95% CI 0.58, 0.85; 22 studies; 22,364 participants; 
I2 = 63%). Two studies reported the percentage of other 
complications in the short-stay and usual care groups 
[55, 58] and one found a significantly reduced number of 
complications in the short-stay group [58]. Two studies 
reported the number of complications in the short-stay 
group only [25, 60].

Periprosthetic fracture  There was low certainty evi-
dence that short-stay programmes may increase the 
odds of periprosthetic fracture, compared to usual 
care (short-stay: 4/158 [2.5%], usual care: 0/168 [0%], 
OR 5.25, 95% CI 0.59, 46.88; 2 studies; 326 partici-
pants; I2 = 0%).

Postoperative falls  Postoperative falls was the only pre-
specified safety outcome that was unable to be pooled 
for analysis. One study reported on postoperative falls; 
it found one participant in the short-stay group had an 
accidental fall 13  days postoperatively and no falls were 
reported in the usual care group [45].

Venous thromboembolism  There was low certainty evi-
dence that short-stay programmes may reduce the odds of 
venous thromboembolism, compared to usual care (short-
stay: 87/9275 [0.9%], usual care: 148/9549 [1.5%]; OR 0.72, 
95% CI 0.55 to 0.95; 9 studies 18,824 participants; I2 = 0%).

Wound complications  There was low certainty evidence 
that short-stay programmes may not reduce the odds of 

Table 4  Assessment of Evidence Certainty using GRADE

Explanations: aSmall event rate from a single study, bAlthough the RCTs were hampered by an inability to blind the interventions, this does not appear to bias the 
outcomes

Summary of findings:

Short-stay compared to usual care for total hip and knee replacement
Patient or population: Adults ≥ 18 years undergoing elective THR or knee replacement (unilateral, bilateral, total, unicompartmental)
Setting: Any setting that utilised a short-stay programme
Intervention: Short-stay
Comparison: Usual care

Outcome
№ of participants 
(studies)

Relative effect (95% 
CI)

Anticipated absolute effects (95% CI) Certainty What happens

Without Short-Stay With Short-Stay Difference

Blood transfusion
№ of participants: 57 
(1 RCT)

OR 1.75 (0.27 
to 11.36)

6.7% 11.1% (1.9 to 44.8) 4.4% more (4.8 fewer 
to 38.1 more)

⨁⨁◯◯
Lowa,b

Short-stay programmes 
may result in lit‑
tle to no difference 
in blood transfusion

Other Complications
№ of participants: 147 
(3 RCTs)

OR 0.63 (0.26 to 1.53) 23.0% 15.8% (7.2 to 31.3) 7.2% fewer (15.8 
fewer to 8.4 more)

⨁⨁◯◯
Lowb

Short-stay programmes 
may result in lit‑
tle to no difference 
in other complications

Hospital Readmissions
№ of participants: 98 
(2 RCTs)

OR 0.95 (0.12 to 7.46) 4.0% 3.8% (0.5 to 23.7) 0.2% fewer (3.5 
fewer to 19.7 more)

⨁⨁◯◯
Lowb

Short-stay programmes 
may result in little 
to no difference in hos‑
pital readmissions

Stiffness and/or anip‑
ulation
№ of participants: 90 
(2 RCTs)

OR 1.57 (0.18 
to 13.26)

2.3% 3.5% (0.4 to 23.6) 1.2% more (1.9 fewer 
to 21.3 more)

⨁⨁◯◯
Lowb

Short-stay programmes 
may result in little 
to no difference in stiff‑
ness and/or manipula‑
tion

Neurovascular Injury
№ of participants: 49 
(1 RCT)

OR 0.31 (0.01 to 7.92) 4.2% 1.3% (0 to 25.6) 2.8% fewer (4.1 
fewer to 21.4 more)

⨁⨁◯◯
Lowa,b

Short-stay programmes 
may result in little 
to no difference in neu‑
rovascular injury

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect 
of the intervention (and its 95% CI)
CI confidence interval, OR odds ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there 
is a possibility that it is substantially different
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate 
of effect
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wound complications, compared to usual care (short-stay 
41/1749 [2.3%], usual care: 36/1906 [1.9%]; OR 1.16, 95% 
CI 0.72 to 1.88; 8 studies; 3655 participants; I2 = 0%).

Dislocation  There was low certainty evidence that 
short-stay programmes may not reduce the odds of dislo-
cation, compared to usual care (short-stay: 7/706 [1.0%], 
usual care: 5/488 [1.0%]; OR 1.02, 95% CI 0.33 to 3.18; 5 
studies; 1,194 participants; I2 = 0%).

Stiffness and/or manipulation  There was low certainty 
evidence that short-stay programmes may reduce the 
odds of stiffness and/or manipulation, compared to usual 
care (short-stay: 2/271 [0.7%], usual care: 6/390 [1.5%]; 
OR 0.51, 95% CI 0.10 to 2.56; 2 studies; 661 participants).

Other observational study evidence
Data from the other observational studies were avail-
able for eight of the 14 pre-specified safety outcomes: 
readmissions [72], blood loss (including requiring a 
blood transfusion) [36, 48, 52], infection [47, 72], mortal-
ity [46, 51, 72], other complications [36, 47, 52, 72, 73], 
venous thromboembolism [47, 72] and wound complica-
tions [72]. The certainty of the evidence was low and not 
downgraded or upgraded. Supplementary File 4 displays 
the forest plots, and Supplementary File 5 summarises 
reported data that were not able to be included in the 
meta-analysis.

Readmissions  There was low certainty evidence that 
short-stay programmes may increase the odds of hospital 
readmission, compared to usual care (short-stay: 40/1592 
[2.5%], usual care: 78/4554 [1.7%]; OR 1.48, 95% CI 1.01 
to 2.17; one study; 118 participants).

Blood loss (including requiring a blood transfusion)  There 
was low certainty evidence that short-stay programmes 
may not reduce blood loss volume, compared to usual 
care (OR − 0.49, 95% CI − 1.15 to 0.17; one study; 132 par-
ticipants). There was low certainty evidence that short-stay 
programmes may reduce the odds of requiring a blood 
transfusion, compared to usual care (short-stay: 24/500 
[4.8%], usual care: 126/910 [13.8%]; OR 0.32, 95% CI 0.20 
to 0.51; 2 studies; 1410 participants; I2 = 0%). One study 
reported significantly reduced postoperative haemorrhage 
in short-stay participants [72] and one study reported 
higher mean haemoglobin levels for the short-stay group 
at 1 and 3  days postoperatively, but did not adjust for 
higher preoperative haemoglobin levels in this group [48].

Infection  There was low certainty evidence that short-
stay programmes may not reduce the odds of infection, 

compared to usual care (short-stay: 4/1632 [0.2%], usual 
care: 22/4594 [0.5%]; OR 0.39, 95% CI 0.13 to 1.15; 2 
studies; 6226 participants; I2 = 8%).

Mortality  There was low certainty evidence that short-
stay programmes may reduce the odds of mortality, com-
pared to usual care (short-stay: 22/22,779 [0.1%], usual 
care: 42/25,776 [0.2%]; OR 0.57, 95% CI 0.34 to 0.95; 3 
studies; 48,555 participants; I2 = 0%).

Other complications  There was low certainty evidence 
that short-stay programmes may not reduce the odds of 
other complications, compared to usual care (short-stay: 
507/2434 [20.8%], usual care: 1110/5642 [19.7%]; OR 0.50, 
95% CI 0.17 to 1.44; 5 studies; 8076 participants; I2 = 96%). 
One study found no significant difference in other compli-
cations between short-stay and usual care groups [68].

Venous thromboembolism  There was low certainty evi-
dence that short-stay programmes may reduce the odds of 
venous thromboembolism, compared to usual care (short-
stay: 7/1632 [0.4%], usual care: 38/4594 [0.8%]; OR 0.39, 
95% CI 0.17 to 0.89; 2 studies; 6226 participants; I2 = 0%).

Wound complications  There was low certainty evidence 
that short-stay programmes may not reduce the odds of 
wound complications, compared to usual care (short-
stay: 33/1592 [2.1%], usual care: 95/4554 [2.1%]; OR 0.99, 
95% CI 0.67 to 1.48; one study; 6146 participants).

No observational studies assessed reoperations, emer-
gency department visits, neurovascular injury, peripros-
thetic fracture, postoperative falls, dislocation, or stiff-
ness and/or manipulation.

Patient factors
Only one study reported data informing patient selection 
into short-stay programmes versus usual care [26]. This 
study reported comparable total blood loss for males and 
females in the short-stay group (p = 0.814), and compara-
ble blood loss per unit body weight (mL/kg) for males and 
females in the short-stay group (p = 0.97). Four additional 
studies reported associations between patient factors and 
safety outcomes [40, 66, 71, 72], but these analyses included 
all study participants and were not specific to short-stay 
participants. None of the included studies examined rela-
tionships between patient factors and patient-reported 
pain, function, quality of life or satisfaction outcomes.

Discussion
This systematic review evaluated the safety profile of 
short-stay programmes for people undergoing elective 
primary THR or KR, compared to usual care, across 
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four study designs. We examined 14 safety outcomes up 
to 90 days post-operatively. Only five of these outcomes 
were included in RCTs, which demonstrated no evi-
dence of harms with respect to hospital readmissions, 
blood transfusion requirements, other complications, 
neurovascular injury and stiffness and/or manipulation. 
However, due to the small number of trials and small 
number of participants this evidence is of low cer-
tainty and at best should be considered as evidence of 
non-inferiority.

While there is some evidence that short-stay joint 
replacement programmes are cost effective (saving up to 
$400 [USD] per patient) [14, 74], our review shows there 
are limited head-to-head comparisons with usual care 
that confirm their safety. The non-RCT studies (registry, 
interrupted time series and other observational stud-
ies) reported inconsistent findings and where benefits 
were observed (for example, for lower mortality, blood 
transfusion requirements, other complications, venous 
thromboembolism (VTE), dislocations and stiffness and/
or manipulation), these results are likely to be overes-
timated, based on the smaller effect sizes seen with the 
RCT evidence for the same outcomes. Some safety out-
comes have received relatively little attention to date. For 
example, only one study in our review examined post-
operative falls despite an increased risk of this adverse 
event post-joint replacement surgery [75, 76]. Falls are 
an important but commonly overlooked safety outcome, 
given the potential for both in-hospital and post-dis-
charge falls and sequalae that can include persistent dis-
ability or death [77].

We sought to review the evidence underpinning opti-
mal patient selection; however, we identified only one 
study which reported data relevant to this aim (in rela-
tion to blood loss only). None of the included studies 
examined relationships between clinical or demographic 
factors and patient-reported pain, function, quality of 
life or satisfaction outcomes after surgery. This remains 
an important knowledge gap. One systematic review 
of patient-reported outcome measures in short-stay 
orthopaedic surgery in the UK showed that quality of 
life scores continued to improve up to 12 months post-
operatively [78], but data on which patients achieve the 
greatest improvement is not available. A more recent 
study comparing short-stay and usual care joint replace-
ment surgery in patients who have experienced both 
found that satisfaction was higher in the short-stay 
pathway, but patient-reported outcomes were similar 
for the two care groups [79]. The Enhanced Recovery 
After Surgery (ERAS®) Society recommendations for 
perioperative joint replacement care are consensus-
based (rather than consistently evidence-based) [21] 

without patient selection specifications, likely due to a 
lack of high-quality evidence on this aspect.

Strengths and limitations
Strengths of this systematic review include a comprehensive 
search of the literature across multiple evidence databases, 
standardised risk of bias appraisal, assessment of evidence 
certainty and pooled analysis of key safety indicators by 
study design (both during and after the hospital admis-
sion). The results are likely to be broadly generalisable as the 
included studies were conducted in both middle- and high-
income countries and in a variety of healthcare settings 
including metropolitan and non-metropolitan hospitals, 
teaching hospitals and military-based hospitals.

In accordance with our review protocol, we did not 
plan to assess the cost of short-stay programmes, length 
of stay or adherence to short-stay components in rela-
tion to safety or patient outcomes as these aspects have 
been assessed in previous reviews [14, 80, 81]. We also 
only examined harms and so the differences between 
short-stay and usual care participants may have been 
overestimated where present. As infections and wound 
complications were inconsistently reported across the 
included studies, it was not feasible to further catego-
rise these outcomes. We excluded single-group cohort 
studies but recognise that additional data may be avail-
able from this research. Articles published in languages 
other than English were also excluded from this review 
(four potentially relevant studies published in Chinese 
were excluded in the title and abstract screening and full-
text review stages). Based on the similarities of published 
data in English, we do not anticipate that this would have 
altered our conclusions. We also note that the review 
included four studies from China that were published in 
English, giving representation to short-stay joint replace-
ment research conducted in this country.

Implications for clinical practice
This review has identified that there is insufficient high-
quality trial evidence to support the 90-day safety profile 
of short-stay joint replacement programmes compared 
to usual care. Short-stay programmes may have non-
inferior safety outcomes (for hospital readmission, blood 
loss, other complications, neurovascular injury, and stiff-
ness outcomes) compared to usual care, but due to the 
small number of RCTs, small sample sizes and low event 
rates, the certainty of this evidence is low. There was 
no evidence of significant harms (with respect to reop-
erations, blood transfusion requirements, emergency 
department visits, infection, mortality, periprosthetic 
fractures, VTE, wound complications, or dislocation) in 
the quasi-experimental studies but due to lower levels of 
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evidence we cannot be confident in these findings. Fur-
ther evidence is required to determine whether short-
stay programmes are safer than usual care pathways. This 
is time critical, given the increasing use of short-stay joint 
replacement programmes in many international jurisdic-
tions, and the need for evidence-based decisions around 
resource allocation.

A cluster RCT including different hospital settings 
(for example, public and private hospitals) could be 
established to address this important yet unanswered 
research question. The trial could test a mandated 
length of stay (for example, 2–3 days) with standardised 
pre-operative, intra-operative, post-operative and post-
discharge multidisciplinary protocols. Efficacy, safety 
and process outcomes could be evaluated, and the trial 
would also provide critical (and currently unavailable) 
data on patient and clinical factors that predict success-
ful discharge home. Efforts to standardise the selection 
and reporting of safety and patient-related outcomes in 
short-stay joint replacement research would also facili-
tate future pooling and analysis of these data.

Conclusions
There is low certainty evidence that short-stay pro-
grammes for THR and KR may have non-inferior 90-day 
safety outcomes, compared to usual care. Most of the 
included studies used quasi-experimental designs and fur-
ther evidence from high-quality RCTs is needed to deter-
mine whether short-stay programmes are safer than usual 
care pathways. There remains an important evidence gap 
around factors associated with poor outcomes, to guide 
optimal patient selection into short-stay programmes.
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