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ABSTRACT
Introduction Anterior cruciate ligament (ACL) injury 
is one of the most common injuries of the knee. ACL 
reconstruction (ACLR) has been widely performed as a 
safe and effective treatment for ACL injuries. As there is 
an increasing trend in the incidence of ACL injury, hospital 
readmission after ACLR has attracted renewed attention 
for the financial burden to both patients and the healthcare 
system. However, information about hospital readmission 
after ACLR remains fragmented. Therefore, we plan to 
systematically review the literature to investigate the rate 
of, causes and risk factors for hospital readmission after 
ACLR, and summarise interventions to reduce hospital 
readmission. This article is to provide the protocol for an 
upcoming systematic review and meta- analysis on this 
important issue.
Methods and analysis Reporting of this protocol follows 
the Preferred Reporting Items for Systematic Review 
and Meta- Analysis Protocols (PRISMA- P) checklist. 
Electronic databases, including PubMed, Embase and the 
Cochrane Library, will be systematically searched from 
inception to June 2020. No language restrictions will be 
applied. Studies will be included if they reported hospital 
readmission or explored the associated potential causes 
and risk factors for hospital readmission after ACLR. The 
primary outcome will be the number and time frame of 
hospital readmission after ACLR. Secondary outcomes 
will be reasons for readmission, number and types of 
complications, risk factors for readmission and preventive 
measures for readmission after ACLR. Quality assessments 
will be performed by using the Newcastle- Ottawa Scale 
(NOS). If possible, study results will be summarised in a 
forest plot, and heterogeneity will be tested by using the 
Cochran’s Q and I2 statistics.
Ethics and dissemination No ethical approval is required 
because our study is not related to patients or animals. 
The results will be published in a peer- reviewed journal.
PROSPERO registration number CRD42020058624.

INTRODUCTION
The anterior cruciate ligament (ACL) is a 
crucial fibrous connective tissue that main-
tains the dynamic stability of the knee joint. 
Injury to the ACL is one of the most frequent 

and devastating knee injuries, which most 
commonly occurs during sports or exercise.1 
Estimates are that more than two million 
people experience ACL injuries world-
wide annually.2 Although precise data are 
not available, approximately 250 000 ACL 
injuries occur annually in the USA.3 4 The 
ACL injury can lead to a number of prob-
lems, including knee pain, instability, joint 
effusion, reduced functional performance, 
recreational limitations, increased risk of 
new knee injuries and impaired quality of 
life.5–8 In the long run, ACL injuries are 
associated with increased risks of clinical 
sequelae including meniscal tears, chondral 
lesions and early- onset osteoarthritis.9–11 
However, the ACL has a limited intrinsic 
healing capacity due to the lack of vasculari-
sation,1 and ACL reconstruction (ACLR) has 
been widely accepted as a safe and effective 
treatment option for many patients, which 
aims to restore the functional stability of 

Strengths and limitations of this study

 ► This study will be the first systematic review and 
meta- analysis that explores the rate of, causes and 
risk factors for hospital readmission after anterior 
cruciate ligament reconstruction.

 ► A comprehensive search strategy developed in con-
sultation with a librarian will be applied to include 
all eligible studies to present up- to- date evidence.

 ► This study will provide the highest level of evidence 
to health providers and policymakers.

 ► Outcome measures reported in different studies 
may not be comparable, but we will summarise 
them transparently for elaboration in this respect.

 ► This study may be limited by heterogeneity, espe-
cially the clinical heterogeneity, which might intro-
duce some bias and decrease the reliability of the 
conclusion.
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the knee and allow patients to return to preinjury func-
tionality.12–14 So far, it is estimated that approximately 
125 000 ACLR surgeries are performed each year in the 
USA, more than 800 000 worldwide.1 12 13 15–17 The hospi-
talisation costs of ACLR surgery ranged from $5000 to 
$44 000 (depending on the type of reconstruction and 
severity of the injury), together with the increasing 
trend in the incidence of ACL injury and ACLR treat-
ment, which would lead to an exponential increase in 
healthcare costs.18–22 In light of these evolving trends, 
hospital readmission is receiving renewed attention not 
only for the financial burden to the healthcare system 
but also for the heavy burden to patients, their families 
and communities.15 17

Unfortunately, although both ACLR surgical tech-
niques and postoperative rehabilitation programmes 
have significantly improved during the past decades, the 
hospital readmission continues to occur in 0.7%–13.1% 
of patients, depending on the patient profile and facility 
specialty.23–27 As such, there is a considerable amount of 
patients encountered postoperative adverse events asso-
ciated with readmission after ACLR, suffered significant 
morbidity, experienced severely impaired quality of life 
and expended higher costs.23–27 Although ACLR accom-
panies with limited postoperative complications, some 
of them could become the causes of unplanned hospital 
readmission.28 Immobility and use of a tourniquet during 
the procedure may lead to venous stasis, and anticoagu-
lants are not routinely used after arthroscopic surgery, so 
venous thromboembolism (VTE) complications represent 
a clinical problem, which could account for up to 25% of 
the readmissions after ACLR.29 30 Besides, despite ACLR 
is performed by applying minimally invasive surgery with 
an arthroscope and using antibiotics, surgical site infec-
tions and wound complications still happen, which repre-
sent another common cause of hospital readmission.25 31 
While other complications, such as knee pain or stiffness 
and respiratory complications, remain unclear for their 
role on readmission due to the lack of high- level evidence 
synthesis in the literature.17 24 26 In addition, some studies 
have further explored the risk factors for hospital read-
mission after ACLR, including male sex, advanced age, 
obesity, diabetes, prolonged operative time, operated by 
low- volume surgeons.17 24 26 27 29 However, to our knowl-
edge, the literature lacks a systematic review of hospital 
readmission after ACLR.

Considering hospital readmission after ACLR poses 
a significant problem to both patients and healthcare 
providers, an increasing number of studies have been 
focusing on characterising the prevalence, potential 
causes and risk factors of hospital readmission after 
ACLR.17 However, evidence of hospital readmission 
following ACLR remains fragmented. Therefore, we 
decided to conduct a systematic review and meta- analysis 
to address this issue.

OBJECTIVE
The proposed systematic review and meta- analysis will 
aim to identify and synthesise currently available evidence 
to address the following objectives: (1) to provide up- to- 
date information on the rate of hospital readmission 
after ACLR; (2) to summarise the causes and related risk 
factors of the hospital readmission after ACLR and (3) to 
summarise interventions to reduce hospital readmission 
following ACLR.

METHODS AND ANALYSIS
Registration information
This study protocol will be amended and updated in 
conjunction with the Preferred Reporting Items for System-
atic Review and Meta- Analysis Protocols (PRISMA- P).32 This 
systematic review and meta- analysis was prospectively 
registered in the International Prospective Register of 
Systematic Reviews. Our systematic reviews and meta- 
analysis will be conducted and reported in accordance 
with the guidelines from Meta- analysis of Observational 
Studies in Epidemiology (MOOSE) and based on a modi-
fication of the Cochrane handbook for systematic reviews of 
interventions.33 The completed review will be reported 
following the Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses (PRISMA) guidelines.34

Eligibility criteria
Types of studies
Studies that reported hospital readmission or explored 
the associated causes and risk factors for hospital readmis-
sion after ACLR will be potentially eligible, which mainly 
including prospective cohort studies, retrospective cohort 
studies, case–control studies and cross- sectional studies. 
There will be no specific restrictions on the study design, 
and eligible clinical trials will also be included, but most 
of the studies are expected to be retrospective observa-
tional studies. However, conference abstracts with incom-
plete data, animal studies, case reports, reviews, letters to 
the editor and editorial materials will be excluded. There 
will be no restrictions regarding publication status or 
language.

Types of participants
Patients who were admitted to the hospital for an ACLR 
procedure would be eligible, regardless of whether 
inpatient- only procedures, outpatient- only procedures 
or both inpatient and outpatient procedures. We will 
include children, teenagers and adult patients without 
the limitation of age, since there is an increasing inci-
dence of ACLR in the young population. Notably, we 
will include all kinds of ACLR procedures regardless of 
surgical approaches, ACL grafts and surgical concepts 
(e.g., single bundle, double bundle). Also, to enhance 
the clinical significance of this study, both primary ACLR 
and ACLR revision surgery will be included. In particular, 
as many meniscal tears are associated with ACL injuries, 
we will not exclude ACLR with simultaneous meniscal 
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treatment. Additionally, there will be no specific restric-
tions on the time frame and causes of hospital readmis-
sion. That is to say, studies focused on either short- term 
(within 1 year after surgery) or long- term (more than 
1 year after surgery) readmissions after ACLR, no matter 
caused by infection, resurgery (e.g., caused by secondary 
or tertiary ACLR revision, or total knee replacement) 
or other causes, would be potentially eligible. However, 
studies will be excluded if patients suffered from multi-
ligament knee injuries and received multiligament 
reconstruction.

Types of outcome measures
Our primary outcome measure of interest will be the 
number and time frame of hospital readmission after 
ACLR. Secondary outcome measures of interest will be 
reasons for readmission, number and types of complica-
tions, risk factors for readmission and preventive measures 
for hospital readmission following ACLR.

Patient and public involvement
In this study, data will not be collected directly from 
patients; instead, data will be obtained from the published 
literature and online databases. Therefore, patients will 
not be involved in the completion of this systematic 
review protocol or subsequent research.

Search strategy
We will search the following electronic bibliographic data-
bases from inception to June 2020 to capture all recent 
relevant studies: PubMed, Embase and the Cochrane 
Library (Cochrane Database of Systematic Reviews). 
The search strategy has been developed by two authors 
(XW and J- YL) with assistance from an external research 
librarian, which will be tailored to each database using 
keywords and text terms, such as ‘readmission’ and ‘ante-
rior cruciate ligament reconstruction’. The detailed 
search strategies are shown in table 1. Besides, we will 
search the clinical trial registries, academic dissertations, 
research conference proceedings and non- traditional 
publications to minimise publication bias in our data. To 
ensure the literature saturation, a supplementary search 
will be conducted using Google Scholar, which might 
capture eligible studies not returned by other databases. 
Bibliographies of all eligible studies, relevant systematic 
reviews and meta- analyses and narrative reviews identi-
fied through the initial search will be further screened by 
hand. No language or publication period restrictions will 
be applied.

Study selection
The results of the literature searches will be imported 
into EndNote V.X8 bibliographic software (Clarivate 
Analytics, Carlsbad, California, USA) for records manage-
ment. First, duplicate records will be removed. Second, 
two reviewers (XW and J- YL) will independently screen 
the titles and abstracts according to the eligibility criteria. 
They will develop a screening form and label each record 
as relevant, irrelevant or indeterminate, and remove the 

Table 1 Search strategy

Search Query

PubMed

#1 “Patient Readmission”(Mesh)

#2 Readmission(Title/Abstract)

#3 Re‐admission(Title/Abstract)

#4 Readmission*(Title/Abstract)

#5 Readmit*(Title/Abstract)

#6 Re‐admit*(Title/Abstract)

#7 Rehospitalization(Title/Abstract)

#8 Rehospital*(Title/Abstract)

#9 Re‐hospital*(Title/Abstract)

#10 “Reoperation”(Mesh)

#11 Reoperation(Title/Abstract)

#12 Re- operation(Title/Abstract)

#13 Resurgery(Title/Abstract)

#14 Re- surgery(Title/Abstract)

#15 “Infections”(Mesh)

#16 “Wound Infection”(Mesh)

#17 “Surgical Wound Infection”(Mesh)

#18 Infection*(Title/Abstract)

#19 Wound Infection(Title/Abstract)

#20 Surgical Wound Infection(Title/Abstract)

#21 Graft failure(Title/Abstract)

#22 Graft rupture(Title/Abstract)

#23 Reinjury(Title/Abstract)

#24 Re- injury(Title/Abstract)

#25 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR 
#7 OR #8 OR #9 OR #10 OR #11 OR #12 
OR #13 OR #14 OR #15 OR #16 OR #17 
OR #18 OR #19 OR #20 OR #21 OR #22 
OR #23 OR #24

#26 “Anterior Cruciate Ligament”(Mesh)

#27 “Anterior Cruciate Ligament 
Reconstruction”(Mesh)

#28 Anterior Cruciate Ligament(Title/Abstract)

#29 ACL(Title/Abstract)

#30 #26 OR #27 OR #28 OR #29

#31 #25 AND #30

Embase

#1 'hospital readmission'/exp

#2 readmission:ti,ab,kw

#3 re‐admission:ti,ab,kw

#4 readmission*:ti,ab,kw

#5 readmit*:ti,ab,kw

#6 re‐admit*:ti,ab,kw

#7 rehospitalization:ti,ab,kw

#8 rehospital*:ti,ab,kw

#9 re‐hospital*:ti,ab,kw

Continued
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records that did not fulfil the eligibility criteria. Third, the 
full text of the potential eligible records will be obtained 
and analysed by two reviewers. The inter- rater agreement 
will be established using Cohen’s kappa statistic, and an 
80% or higher level of agreement is desirable.35 Selection 
discrepancies will be resolved by discussion and involve-
ment of a third reviewer (WH), if necessary. We will record 
the reasons for exclusion during the process of full- text 
review. The study selection process will be reported using 
a PRISMA flow diagram (figure 1).

Quality assessment
The Newcastle- Ottawa Scale (NOS) will be used to eval-
uate the methodological quality of the included studies, 
which offers quality assessment scales for both cohort 
studies and case–control studies.36 This nine- point scale 
is divided into three major components with a maximum 
number of items for each category: the selection of the 
study groups (0–4 points), comparability of the groups 
(0–2 points) ascertainment of exposure or outcome of 
interest (0–3 points). In the NOS scale, studies could be 
awarded one point for each item within selection and 
exposure categories, and up to two points for items in 
the comparability category. Furthermore, a higher score 
represents better methodological quality as well as a lower 
risk of bias. Studies will be considered to be of high quality 
if they score ≥7 and low quality if they score <7. Two raters 
(CL and P- CX) will independently apply the scale to each 
included study, and discrepancies will be resolved by 
discussion or consultation with a third reviewer (LS) if 

Search Query

#10 'reoperation'/exp

#11 reoperation:ti,ab,kw

#12 re- operation:ti,ab,kw

#13 resurgery:ti,ab,kw

#14 re- surgery:ti,ab,kw

#15 'infection'/exp

#16 'wound infection'/exp

#17 ’surgical infection'/exp

#18 infection:ti,ab,kw

#19 wound infection:ti,ab,kw

#20 surgical infection:ti,ab,kw

#21 graft failure:ti,ab,kw

#22 graft rupture:ti,ab,kw

#23 reinjury:ti,ab,kw

#24 re- injury:ti,ab,kw

#25 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR 
#7 OR #8 OR #9 OR #10 OR #11 OR #12 
OR #13 OR #14 OR #15 OR #16 OR #17 
OR #18 OR #19 OR #20 OR #21 OR #22 
OR #23 OR #24

#26 'anterior cruciate ligament'/exp

#27 'anterior cruciate ligament reconstruction'/
exp

#28 'anterior cruciate ligament':ti,ab,kw

#29 acl:ti,ab,kw

#30 #26 OR #27 OR #28 OR #29

#31 #25 AND #30

Cochrane

#1 MeSH descriptor: [Patient Readmission] 
explode all trees

#2 Readmission:ti,ab,kw

#3 Re‐admission:ti,ab,kw

#4 Readmission*:ti,ab,kw

#5 Readmit*:ti,ab,kw

#6 Re‐admit*:ti,ab,kw

#7 Rehospitalization:ti,ab,kw

#8 Rehospital*:ti,ab,kw

#9 Re‐hospital*:ti,ab,kw

#10 MeSH descriptor: [Reoperation] explode 
all trees

#11 Reoperation:ti,ab,kw

#12 Re- operation:ti,ab,kw

#13 Resurgery:ti,ab,kw

#14 Re- surgery:ti,ab,kw

#15 MeSH descriptor: [Infections] explode all 
trees

#16 MeSH descriptor: [Wound Infection] 
explode all trees

Table 1 Continued

Continued

Search Query

#17 MeSH descriptor: [Surgical Wound 
Infection] explode all trees

#18 (Infection*):ti,ab,kw

#19 Wound Infection:ti,ab,kw

#20 Surgical Wound Infection:ti,ab,kw

#21 Graft failure:ti,ab,kw

#22 Graft rupture:ti,ab,kw

#23 Reinjury:ti,ab,kw

#24 Re- injury:ti,ab,kw

#25 #1 or #2 or #3 or #4 or #5 or #6 or #7 or 
#8 or #9 or #10 or #11 or #12 or #13 or 
#14 or #15 or #16 or #17 or #18 or #19 or 
#20 or #21 or #22 or #23 or #24

#26 MeSH descriptor: [Anterior Cruciate 
Ligament] explode all trees

#27 MeSH descriptor: [Anterior Cruciate 
Ligament Reconstruction] explode all 
trees

#28 Anterior Cruciate Ligament:ti,ab,kw

#29 ACL:ti,ab,kw

#30 #26 or #27 or #28 or #29

#31 #25 and #30

Table 1 Continued
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an agreement could not be reached. Moreover, if other 
types of studies were included, the appropriate quality 
assessment tools (e.g., Cochrane risk of bias tool for 
randomised controlled trials) will be used accordingly.

Data extraction and management
Two reviewers (DW and XZ) will manually and inde-
pendently extract data from each included study and 
insert extracted data into a predefined standardised 
Microsoft Excel spreadsheet (Microsoft Corporation, 
Washington, USA). Disagreements will be resolved by 
discussion and consultation with a third reviewer (G- XQ). 
The following information will be collected: first author, 
publication year, country where the study was carried out, 
study design, study period, the database type, number of 
patients, patient characteristics, surgical procedure, the 
definition and time frame of readmission (e.g., 30- day 
readmission, 90- day readmission, 1- year readmission), 
number of readmissions, causes of readmission (e.g., all- 
cause, VTE, infection) and how they were identified (e.g., 
International Classification of Diseases, Ninth Revision, 
Clinical Modification), number and types of complica-
tions (e.g., wound infection), risk factors for readmission 
and preventive measures for readmission (e.g., complete 
rehabilitation programmes, pass return to sport criteria). 
If data were presented as graphs or figures only, Plot 
Digitizer software would be used to extract data.37 38 We 
will further examine the supplementary materials of the 

included studies and contact corresponding authors to 
verify the extracted data and request the missing data.

Data synthesis
A narrative synthesis of the studies included in this 
review will be provided and structured around the 
outcomes. If sufficient data available, the outcome data 
will be further pooled and reported in a forest plot to 
summarise the results of each study visually. Pooled esti-
mates, with accompanying 95% confidence intervals 
(CIs), on readmission rates will be calculated using the 
DerSimonian and Laird random effects model.32 For the 
meta- analysis of the causes (e.g., VTE, wound infection) 
of hospital readmissions, risk ratios (RRs) with 95% CIs 
with the Mantel- Haenszel method will be used for anal-
ysis. For the meta- analysis of risk factors associated with 
hospital readmission, the odds ratios (ORs) with accom-
panying 95% CIs will be reported if more than two studies 
reported that risk factor. The reported RR, univariable 
OR or univariable HR for each risk variable will be pooled 
and analysed individually using random- effect models 
weighted by inverse variance.39 For the preventive inter-
vention for hospital readmission, we will qualitatively 
synthesise the findings from the included studies.

Heterogeneity across studies will be assessed by using 
the Q statistic with its p value and I² statistic. The I² statistic 
is used to quantify the proportion of total variation in the 
effect estimation as differences between study results. An 

Figure 1 PRISMA flow diagram showing the process of literature screening, study selection and reasons for study exclusion. 
The PRISMA statement is used worldwide to improve the reporting of systematic reviews and meta- analyses. PRISMA, 
Preferred Reporting Items for Systematic Reviews and Meta- Analyses.
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I² value of 0% indicates no observed heterogeneity, 25% 
low heterogeneity, 50% moderate heterogeneity and 75% 
high heterogeneity. The included studies are assumed 
to be heterogeneous accounting for clinical heteroge-
neity; therefore, a random effects model will be used a 
priori.35 40 A two- sided p value<0.05 will be considered as 
statistically significant.

To assess the publication bias, we will examine a funnel 
plot for asymmetry only when at least 10 studies are 
included in the meta- analysis.41 We will further assess the 
publication bias according to the Egger regression asym-
metry test, and the Begg and Mazumdar adjusted rank 
correlation tests.42 43

Subgroup analysis and sensitivity analysis
If the number of included studies is sufficient, subgroup 
analyses and meta- regression analyses will be conducted 
(e.g., on the risk of bias scores, follow- up periods) to 
investigate the underlying source of heterogeneity. Sensi-
tivity analysis will be performed by sequential removal of 
individual studies from the analysis. A value of 0.5% is set 
as the a priori threshold, which means if removing a study 
leads to the hospital readmission rate changed by 0.5% 
or more, this will be considered clinically significant. All 
the above analyses will be performed using Stata statistical 
software V.14.0 (StataCorp, College Station, Texas, USA).

DISCUSSION
Hospital readmission rates have been recognised as 
an essential indicator of patient clinical outcome and 
healthcare system performance.44 Hospital readmissions 
after ACLR are always associated with adverse postoper-
ative outcomes and numerous publications have inves-
tigated the causes for readmission.17 24–27 The findings 
indicated that in the short term, readmissions are often 
attributed to certain medical complications (e.g., infec-
tion) or surgical complications (e.g., stiffness of the 
knee joint);17 24–27 while in the long term, readmissions 
are usually caused by the ACL graft failure and degen-
erative knee osteoarthritis, which necessitate subsequent 
operations like ACLR revision surgery and total knee 
replacement.45 46 Though previous studies have identified 
some causes and related risk factors for readmission after 
ACLR, there remains a lack of synthesis of the current 
evidence. Therefore, we believe this proposed systematic 
review and meta- analysis is feasible, attainable and timely.

This systematic review and meta- analysis will provide 
up- to- date evidence on the rate of, causes and risk factors 
of hospital readmission after the ACLR. This study will 
also identify interventions that will be beneficial to ACLR 
surgeries, perioperative care and postoperative reha-
bilitation, which will contribute to optimising the oper-
ating systems and practices to aid in same- day discharges 
following ACLR, not only reducing the hospital readmis-
sion rate, but also help to relieve pressure from the read-
mission for both patients and the healthcare providers. 

In summary, this review will integrate the existing studies 
about hospital readmission after ACLR.

Ethics and dissemination
Ethics approval will not be required for the study, as it 
bases on previously published data and will not involve 
in the privacy of any individual patients. The results will 
be published in a peer- reviewed international journal for 
dissemination.
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