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Total knee arthroplasty (TKA) is a highly effective procedure for advanced osteoarthritis of the knee. Thirty-day
hospital readmission is an adverse outcome related to complications, which can be mitigated by identifying

associated risk factors.

readmission arthroplasty

| 1. Introduction

Total knee arthroplasty (TKA) is a highly effective treatment for advanced osteoarthritis of the kneellll2, The
number of procedures being performed each year continues to grow3l. However, despite its widespread success
and increasing utilisation rates, a range of complications can arise following TKA surgery®, some of which
necessitate hospital readmission. Hospital readmission following TKA is often a marker of surgical complications®
(6], post-operative hospital readmissions are recognised as a significant cause for concern because such events
disrupt the patient’s postoperative recovery, incur significant costs to the healthcare system, and controversially
have been used as a marker of quality of carelJI8, |n the USA, unplanned hospital readmissions for all patient
populations overall are estimated to cost over USD 17 billionl2 |n 2004, Germany became the first country to
implement financial incentives to reduce readmissions1l. Five years later, in 2009, the United States’ Centers for
Medicare & Medicaid Services introduced the Hospital Readmissions Reduction Program!® and expanded this
program in 2014 to include TKARZUIS! where hospital penalties are applied for readmission signalling government

authorities to view readmission as an issue requiring attention.

By improving our ability to accurately predict individual patients’ risk of readmission following TKA, we may reduce
the rate of avoidable readmissions through optimising shared decision-making and consent processes; better
preparing patients for surgery and developing personalised management and discharge planning for higher risk
patients. Furthermore, some readmissions are potentially avoidable and can be targeted through the development
of personalised management and discharge planning for higher risk patients. Patients whose risk of readmission is
difficult to mitigate, such as those patients with non-modifiable risk factors, can still benefit from risk prediction
because they will be more informed as they work with the surgeon to weigh the potential benefits and risks of the
procedure, and patients who have more realistic expectations regarding their likely postoperative course are more
likely to achieve a satisfactory outcome following TKA 141,

Our previous narrative literature review has explored patient-related risk factors for 30-day readmissions in TKAZ2!,

Comorbidities such as diabetes, chronic kidney disease, and bleeding disorders were consistently shown to
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increase risk, but demographic factors such as age, sex, and body mass index (BMI) demonstrated a more
complex and less consistent influence on 30-day readmission. Using age as an example, some researchers
dichotomise at a particular number, while others create multiple categories at different cut-points with different
interval durations, such as five years or 10 years. The inconsistent way different researchers categorise predictor
variables when modelling risk, and the increasing age, BMI, and physical activity demands of the TKA patient
population over timel28IL718 ' may contribute and confound this further. Thus, the purpose of this systematic review
was to apply rigorous systematic review methodology to synthesise the evidence pertaining to patient risk factors
for 30-day readmission following TKA. Contrasting the more subjective style of the narrative review, which
identified broad themes in the literature, the current work synthesises the evidence in the most objective manner
possible, including: critical appraisal of all included articles, quantitative synthesis when appropriate, narrative
synthesis when quantitative synthesis was not possible, and summary of findings in accordance with a version of
the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach modified for

systematic reviews of prognostic factors 19,

Objectives

The objectives of this review were to (1) identify patient-related characteristics that are associated with increased
risk of unplanned 30-day readmission following TKA and (2) determine the effect size of the association between
the identified risk factors and unplanned 30-day readmission2d. This systematic review and meta-analysis
synthesises existing knowledge, determines the effect size of identified factors, and aims to resolve uncertainty

when discrepancies arise between reports.

| 2. Methods
2.1. Protocol and Registration

The protocol for this systematic review has been published [20] and registered with the International Prospective
Register of Systematic Reviews (PROSPERO-CRD42019118154). Protocol deviations, and justifications for them,

are outlined in Supplementary File 1 (Section S1-Amendments to Protocol). Deviations were minor and did not

alter the objectives, nor the direction of this systematic review. This review was conducted in accordance with the

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement21],
2.2. Eligibility Criteria

We used the adapted Patient, Intervention, Comparator, Outcome (PICO) framework[22 to answer the following
guestions: which patient-related factors confer increased risk of unplanned 30-day readmission following TKA, and
to what extent do these factors influence the risk? Eligible studies involved TKA recipients (primary and revision)
compared for 30-day readmission to any institution, due to any cause, on the basis of patient risk factors (presence
vs absence of each risk factor). Case series were excluded, but all other types of quantitative study design were

eligible for inclusion, including retrospective and observational studies.
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No restrictions were placed on the date of publication for this review.

2.3. Information Sources, Search Strategy, and Study Inclusion

MEDLINE and EMBASE were searched from inception to 5 February 2020, using search terms related to total
knee arthroplasty and patient-related risk factors for 30-day readmission. An experienced research librarian was

consulted to assist with development of the search strategy, and no restriction was placed on grey literature. The

full search strategy for both databases is available in Supplementary File 1 (Section S2—Search Strategies
(MEDLINE(Ovid)_and EMBASE(Ovid)). The search was repeated immediately prior to final analysis (8th

September 2020) to obtain studies that had been published since initially searching the database. Reference lists

of articles included after full text screening were also screened.

The search strategy was carried out in line with the protocol. In brief, two reviewers (DG and OJ) pilot-tested the
eligibility criteria on a 10% sample of titles and abstracts of articles obtained from the database search. A third
reviewer (MD) arbitrated discussions between DG and OJ to resolve any major difference in opinion arising from
this process. The eligibility criteria were then applied to titles and abstracts and, subsequently, to the full text of

articles that were deemed eligible for inclusion following initial screening.

Authors of articles potentially eligible for inclusion were contacted to provide the requisite data for inclusion.

2.4. Data Collection Process

Two reviewers (DG and JT) independently extracted data using a standardised data extraction form. The process
was pilot-tested on 10 articles from the final set of included articles following full-text screening. Any points of
clarification were resolved by discussion between DG and JT. DG identified additional information required in order
to complete the critical appraisal assessment and this was verified by JT as well as the reviewer who completed

the critical appraisal assessment with DG (WK).

2.5. Data Items

Data items extracted were those listed in the protocol, as well as several additional items necessary for critical

appraisal (Supplementary File 1, Tables S3-S7).

As outlined in the protocol amendments (Supplementary File 1, Section S1), adjusted odds ratios (ORs) were

preferentially collected over risk ratios (RRs), as this reflects how data were reported in the vast majority of
included studies, which were retrospective in nature. As the estimated 30-day readmission rate for TKA ranges
from 3% to 4.6% [23][23] and this is well below the 10% threshold whereby the OR provides a reasonable
approximation of the RR [22[24] it is unlikely that this would have altered the key findings.

2.6. Risk of Bias of Individual Studies
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The Joanna Briggs Institute (JBI) critical appraisal tool 22! was used for all studies. A semi-quantitative method was
used, based on that used by Goplen et al. 28 in a systematic review on outcomes in total joint arthroplasty (TJA)
patients. However, since there is no valid cut-off value to determine “high” or “low” methodological quality, we
assessed quality in relative terms by splitting the studies according to risk of bias quartiles. The item: “Were the
groups/participants free of the outcome at the start of the study (or at the moment of exposure)?” was omitted from
the checklist as it is not possible for a patient to be readmitted prior to their TKA procedure. The remaining 10 items
were given equal weighting with a higher score indicating greater risk of bias. Each “no” was given a score of 2,
each ‘unclear a score of 1, and each “yes” a score of 0. Arbitrarily selecting a cut-point above which a study is
considered to be at high risk of bias is problematic because there are no clear guidelines pertaining to the choice of
such a cut-point. Instead, quartiles of risk of bias were calculated to distinguish between higher quality studies
(lower risk of bias quartiles) and lower quality studies (higher risk of bias quartiles). This use of quartiles is similar
to that used by Detweiler et al., 2016 2 in their exploration of methodological quality of systematic reviews, and
we believe it provides readers with an easily interpretable way of judging the relative methodological quality of

included studies without generating an overwhelming number of categories.

Selective reporting was also assessed for each study. This was included in the summary table for critical appraisal

but because it was not a JBI checklist item, it did not contribute to the calculation of risk of bias score.

Table 1 depicts a generic example of the way in which the outcome of critical appraisal is presented in this review

for an imaginary study, for the sake of illustration.

Table 1. Example of critical appraisal table.

Critical Appraisal

Overall Risk of Bias

) :
Studv D ggj JB! JBI JBI JBI JBI JBI JBI JBI JBI  Score (Quartile; E;'::‘;gfis:f
y 2. 3. 4. 5 7. 8 9. 10. 11. Arranged in Descending !

1. Reporting
Order)
Example 3/20 therefore 15% (1st
U : No
study quartile)

ﬁéf@ﬁé’h&@gne mimics that of a traffic light system indicating whether each critical appraisal criterion was
fulfilled in the given study: Green = yes (Y), Yellow = unclear (U), Red = No (N); * Joanna Briggs Institute critical
ApraRAEEN LK S NidY REhoR st RoRssanses dana e iasiabuditt ([188!h-valaladoualipsafitigining
rect@ibhiR ANAdahidnpspariasARIagly A @ealitailve,@rdusystrmalicd@ \da-rl the disigtuseode BONSRth
expRiY SWLARMYE: £804s B P22 fle exposure measured in a valid and reliable way? JBI 4. Were

eonjeuina BRI CHRFIRA P rYYE AURLRSIRNI M doAh A SANINEERY daBio's SiBT AdBl iiRmitted
begausari %W&@E&@F%E\é’éﬁr@? IHQRFER G TRERFANG, opgerme at the start of the study (or at the

Iﬁ(gerRﬁ )? JBI 7. Were strategies to deal with confounding factors stated? JBI 8. Was the follow up

it HFors D% feibo B MY 8o bar 18 R MR EHoN S TP AR R RIS U P A% not,

3. knStuxiySelkettionhe United States from 2005 to 2030. J. Bone Joint Surg. Am. Vol. 2007, 89,
780-785, doi:10.2106/jbjs.F.00222.
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Hanly 2017[28 (Retrospective cohort study; January 2003—December 2010)
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1 Country Study ID: Author and Year of Publication (Study Period)
SN Abdulla 202022 (March 2010 to July 2016); Ross 20202% (2003-2016); Peskun 201231 ice

(1997-2007)

1 Colombia Buitrago 2020 22 (January 1, 2012 to November 30, 2015) g

Denmark Jorgensen 2013 [33] (1 February 2010-1 May 2011); Jorgensen 2017[24 (2012-2014) )01 to
14.

Singapore Tang 2019 B3 (January 2013 to June 2014); Tay 2017 28] (Jan 2006-Dec 2011)

1 ement.

Taiwan Liao 20167 (January 1, 2004 to December 31, 2009); Kuo 201728l (January 2009 to 2012)
UK Ali 2019 9(2006-2015)4d4l]
1 ey, L.

Miric 2014421 (04/01/2001 to 12/31/2011); Welsh 201743 (2009-2011); Kim 2019 #4! (January ADE
1, 2010 to December 31, 2014); Kurtz 2016 43 (2010-2013); Anthony 2018 48] (2013 and 2014,
inclusive); Urish 2018 71 (2014); Sodhi and Mont et al. 201948l (1 January 2016 to 30
2 September 2016); Singh 2013 49 (2002 fiscal year); Arroyo 2019 Y (January 2007 to risk
December 2014 for Florida and New York data, January 2007 to December 2011 for California
data, January, 2012 to December 2014 for Maryland data); Bullock 2003 Bl (January 1994—

June 2000 for bilateral TKA cohort, January 1995—-June 2000 for unilateral TKA cohort); 140-3.
Charette 2019 B2 (April 2013-April 2017); D’Apuzzo 2017 581 (1997-2014); Keeney 2015 4] (1
2 January 2006-30 September 2013); Ramos 2014 55 (2010 and 2011); Ramos 201453 (2010

and 2011); Ricciardi 2017 8 (January 2010 to December 2014); Saucedo 2014 57 (2006—
2010); Schaeffer 2015 B8l(July 2011-November 2012); Schairer 2014 [6] (2005-2011);
5 Workman 201939 (1 June 2011-1 June 2016); Siracuse 20179 (2006-2011); Weick 2018[61l
(2003-2014); Kheir 2014 621 (1 July 2009-30 June 2011); Anderson 2020 (63! (2010-2014);
Mudumbai 2019841 (2011 financial year) 16.

USA

J0097.

ork to

2 Abola 2018 [51(2012-2014): Alvi 2015 [68] (2005-2011); Antoniak 202067(2006—2016): Belmont OF 30-
2016 [£81(2011 and 2012); Bovonratwet 201869 (2005-2015); Bovonratwet 201919 (2005-  SQIP.
2016); Bovonratwet 20201 (2012-2017); Courtney 2018 [Z2(January 1 2012 to December 31
2015); Curtis 201831 (2008—2014); Curtis 201974 (2012-2016); George 201872(1 January
5 2011- 31 December 2015); Gwam 2020 28 (2008—2016); Hart 2016 2! (2011-2013); Jauregui Med. J
USA and 2015 [181(2011); Kester 2016 ¥(January 1 2010-December 31 2013); Lehtonen 2018 89 T
various (2012—2015); Lovecchio 201481 (2005-2011); Nowak and Schemitsch 20192l (2005-2016);
international Ottesen 2018 [831 (2005-2015); Patel 2020 84! (2011-2017); Patterson 2018 [£2][86] (2005— _
sites 2015); Pugely 2013 [23] (2011 (whole year + 30 days after 31/12/11)); Robinson 2017 [88] shi, R.;
(2012-2014; Roth 2019 &7 (unclear); Rudasill 2019881 (2010-2016); Runner 2017 82 (2005- jtyte
2014); Sloan 2020 29[91] (January 2008 to December 2016); Sodhi and Anis et al. 2019[21]
(2011-2016); Suleiman 2015 [22(2010-2012); Sutton 2016 [23/(1 January 2011-31 December
2012); Webb 2017241 (2005-2014); Yohe 2018 [23] (2008-2014); Zusmanovic 2018 281 (1
January 2008-31 December 2015)

Threg “authors of potentially eligible ™ articleS  were contacted 1d provide data riecessary for inclusion, and one
arthé%)last LA Sysiematic review and meta-analysis. BMC Musculoskelet. Disord. 2019, 20, 234.
returne e require ala .

2 aupre,

27. Detweiler, B.; Kollmorgen, L.; Umberham, B.; Hedin, R.; Vassar, B. Risk of bias and
3.2nRisk i Bias of Individual Studigs: matic reviews published in anaesthetic journals: A

meta-epidemiological study. Anaesthesia 2016, 71, 955-968. _ _ _
Table S15 (Supplementary_File) Shows that studies at 0-15% risk of bias (RoB) comprised the first RoB quartile,

28udiianiy Bode; B \dohpfisedVititebentsr, qubsilerawinssl,aR - dorrd O besiiydedTaialtkirequartile, and
studiethse pRstyIRIE-SvesiieMadangeniquatiecmas Hsoprliat\(8v%) MeiniRRgtAnfr&Iast #3d to follow-
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up, Readrxsasitoilod-dy throptashe2Odatied aélidt2atitiely contacted during the 30-day post-discharge period
28, B2, IRREHAK "ErScRB5 e BN MESRRATT BN R B AL R B iy
e T TS LR B e TS SR 16k PRSP Ao
"ol EURIHLTS ASISE TR AT YRR s ST, ipdy, B RERiECEq jgateay to deal i
incomplete follow-up. Only 9/69 studies (13%) reported adjusted analyses with a clearly documented and robust
30ROt hdAdiRY AiRBinddaRaiiEreRs: 46/tashibife £\ 7 AR Dricd/aifl s al RP3BO A HTRNASEBA of how
misSirROiRiars & ThiRddax eadsaistiars udy ReptarRAINY aRRAUISGE: YirlzsEo!onuag oWl e Rere
the AFHIEORARRLAR BRIHICBIWRED 2008 RM 28 u Mg TERRIRSTRAFON X353 had evidence of

FEIFELR PPN Y ayne, |.; Malempati, H.; Kosashvili, Y.; Gross, A.; Backstein, D. Cardiovascular
disease predicts complications following bilateral total knee arthroplasty under a single anesthetic.

3% Riskel Bigs ggrass Studies

RurBeltrigye Were Oetimedl RaQapEdhdiUR. IClnidad dicietmesbele@lth Daa Quwstinrisridignestitable for
meRamiahsipelfotalikntetorfikoplasty: A Multilevel Analysis of a National Cohort Study Using

Administrative Claims Data. J. Knee Surg. 2020, 24, 24.
The only non-English-language article eligible for title and abstract screening was in German and the abstract was

3N QEACISERy s CalS NS il A RESK SHAAREOE SRR (9 RaSHEATKe i 0SS RRRIAES RAEx
scree AP YRR S ISR S SEh SNSNG 2 ARI ARONS MRRISRTRIUIASE UARI higignd knee
arthroplasty. Acta Anaesthesiol. Scand. 2013, 57, 631-638.
SHNeIB RN SERNTIECIBRITAERS MER BT SRS P B SORIBF B RF AtRA: i) AeaB 42 bt Sifl¥siEVRT
SUERRTATS IR RS theptR b itieR TEIMCATSBS oI e241 0hBPRYREK. Taiwan, and Singapore, and one

each from Australia, Colombia, and the UK.
35. Tang, H.; Li, H.; Zhang, S.; Wang, Y.; Qu, X.; Yue, B. Postoperative Complications Causing

In RearANssI NN A RAYS aftepdriabKpesiAfiBroBIas -8 ReliRRReM R Mesird s anariientiel every
progishic Phdrip i fcapiare RansthWie eIty Refindiaialings difkRaesakide 3049 bt Aatively small

6190 RBIEMRITS FHARPICaTiRagE: Wk eURISAIRG Riag SoHd aBhRs Bilsties AT tese risk
facielib ater SARSISIEr ath Lri' AtEIA GnREI R tPRYBYSH BRI B MBR R GRIFHRAINITIS RGEY AvsHTdpPAgtydgnce for

the?ﬁfﬁ%ﬁ%ﬁ??@l@?@?@ngws tables (Table 4, Table 5 and Table 6, and Supplementary File 1, Tables

S8,.S16-S18) for further detail on each risk factor.
37. Liao, K.M.; Lu, H.Y. Complications after total knee replacement in patients with chronic obstructive

Tad NBNATY HseahRiMy falipmMsifiease-control study. Medicine 2016, 95, e4835.

—~JA\AL icKi Disease Is an Independent
. . mty-Day Readmission in

0,
PMihiostiky favtasive Total Kneeg{{rtﬁrsoﬁlastwﬂeMﬂqwiqst. 2017, 32, 1630-1634.

' Meta-analysis

39. Ali, A-M.; Loeffler, M.D; Aylln,lPd;sBottle, A. Predictors of 30-Day Readmission After Total Knee
AfSSRERBSLy: Analysis of 566,%;_§6Erocedu6ez§m;pe United Kingdom. J. Arthroplast. 2019, 34,
242-248.e241, . 1.20)

40BBtkviarzes. Gomeiia: An R pagkgge for metg+analysis. R News 2007, 7, 40-45.
(0.45-
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41. Wickham, H.; Wickham, Metaranalygistidyverse. In Easily Install and Load the ‘Tidyverse; World
Health Organization; Geneva,2§\§;1tzerland, 2017.

42. Miric, A.; Inacio, M.C.S.; KellyO-8LP.; Namba, R.S. Can Total Knee Arthroplasty Be Safely
Blerzf%rso ‘ésAmong Nonagenag%gg%_? An Ev%l(ffaﬁa% of Morbidity and Mortality Within a Total Joint

Replacement Registry. 1_Arthroplast_2014._29_1635-1638

0.90
43pY¥eiaheiys. Haratam. J.E.; Kasagrkar, A.M ¢ Lelgnd, N.E.; Baillargeon, J.G.; Wild, D.L.;
Ottenbacher, K.J. Effects of Pbsfcute Settings on Readmission Rates and Reasons for

Readmission Following Total légie Arthroplasty. J. Am. Med. Dir. Assoc. 2017, 18, 367.e361—

Bt 383 Ys. normal (0.69— 6 (++++)
44. Kim, S.C.; Jin, Y.; Lee, Y.C.; lei',of.); Franklin, P.D.; Solomon, D.H.; Franklin, J.M.; Katz, J.N.; Desai,

R.J. Association of PreoperativggOpioid Use With Mortality and Short-term Safety Outcomes After

BititadRveerREpRicement. JANDStetw. Opet201d, 2, e198061.
1.31)

- . - - ; , M.T. Which Hospital and
o%Ilnlcal Factors Dnve 30 andlé@ Day Read(rﬂsglon After TKA? J. Arthroplast. 2016, 31, 2099—
esity
2107 1 09)
46. Anthony, C.A.; Peterson, R'A6 ggwell, D.K.; Polgreen, L.A.; Simmering, J.E.; Callaghan, J.J.;
wWRjaraess P.M. The Seasonal (yariability ofsSuegical Site Infections in Knee and Hip Arthroplasty. J.

Arthroplast. 2018, 33, 510-5142%%11.

47AH‘F‘|)S/ mlas 9J1A|¥ Li, B.Y.; Bora, T.: Sessine, M.; Kirk, P.; Hollenbeck, B.K.; Helm, J.E.; Lavieri,

cdnbinSkolarus, T.A.; et al. Pré@:l%?ors and £8st'9f Readmission in Total Knee Arthroplasty. J.
Arthroplast. 2018, 33, 2759— 276

m| h rt e,
48(S§B?f: bﬁdﬂry aﬁi Clevelarad Clinic Orthopaedic, A. Does Patient Experience After a Total

dfggggeqahmplagwa@dlct Reé‘&lﬁﬂssmn?ﬁﬁﬁhroplast 2019, 34, 2573-2579.
49 Slnqh J.A.; Kwoh, C.K.; Rlchardson D.: Chen, W.; Ibrahim, S.A. Sex and surgical outcomes and

mortality after primary total kneg7arthroplasty: A risk-adjusted analysis. Arthritis Care Res. 2013,

Pgyphergs vasear disease  (1.10- 5 (+++)
’ ' 1.24)

amaru, M. Racial/ethnic and
Prewous mI)(

imoGae JeCt op(r:rgrgoﬂ:‘s ar| |es in t&ta&? knee artglropiasty 30 and 90-day readmissions: A multi-payer

d@gﬁg@ultlstate anaIyS|s 2007212;@;4 Popul. Health Manag. 2019, 22, 175-185.

51. Bullock, D.P,; Sporer S.M.; Shigeffs, T.G., Jr. Comparison of simultaneous bilateral with unilateral

N ulin- de e
dlféré%fgsnren% fhr T B%ln term®.ebperioperatite-complications. J. Bone Jt. Surg. Am. Vol. 2003,

85-A, 1981— 1986 1.45)

52. Charette, R.S.; Sloan, M.; DeAR8elis, R.D.; Lee, G.C. Higher Rate of Early Revision Following

Bﬁfndé?yalsoﬁal Knee ArthroplaélfL%ior}_Patientg' (jﬁa)er Age 55: A Cautionary Tale. J. Arthroplast. 2019,

L G o
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53. D'Apuzzo, M.; Westrich, Metaianalysis Jung Pan, T.; Lyman, S. All-Cause Versus Complication-

Specific Readmission Followin@4otal Knee Arthroplasty. J. Bone Jt. Surg. Am. Vol. 2017, 99,
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Meta-analysis

Fluid and electrolyte disorder 1 - - 3 (++)
Elevated serum blood urea 1 - i 4
nitrogen (BUN) (+++)
Hyponatraemia - 1 - 4
yp ! (+++)
. 4
Low albumin = = e
(+++)
Elevated creatinine 1 - - 3 (++)
Elevated WBC count 1 - - 3 (++)
Reduced haematocrit 1 - - 3 (++4)
Low platelets 1 - - 3 (++)
Respiratory
Chronic obstructive
pulmonary disease (COPD) i i 3 (+4)
and chronic airways disease
(combined)
. 4
Pulmonary disease 1 - -
(+++)
Smoking 1 2 - 3 (++)
Pulmonary circulation
disorder _ ) _ 2
Asthma -1 - 1(+)
Dyspnoea 1 - - 3 (++)
Previous pneumonia - - - 3 (++)
Obstructive sleep apnoea S 1(+)
Cardiopulmonary disease 1 - - 0(+)
Psychiatric
D ion 1 2 >
epl’eSSIO - (+++)
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Meta-analysis

‘Other’ mental health
condition (other than - - -1 - - 3(+4)
depression)

Bipolar disorder - 1 - - - - 1(4)
Post-traumatic stress i 1 - . i S 1M
disorder (PTSD)
Anxiety disorder - 2 - - - - 2(1)
Alcohol abuse 1 2 - - - - 3(+4)
Drug abuse (including
general substance abuse
designation, and 1 1 - =2 i 4
drugl/alcohol abuse (+++)
(combined category in
Kurtz))
Psychoses 1 - - - - - 2(#)
Neoplastic
. 4
History of cancer 1 - - 2 1 -
(+++)
Disseminated cancer 1 - -1 2 - 3(+4)
Lymphom - - - 2 - .4
ymphoma (+++)
Neurological
: 4
Previous stroke - 1 - 1 - 1
(+++)
: 4
Dementia - - -1 - -
(+++)
Other neurological disorder 1 - - 2 1 - 3(+4)
In-hospital complications
. . 5
Deep vein thrombosis - - -1 - -
(+++)
. 5
Pulmonary embolism - - -1 - -
(+++)
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Meta-analysis

L 6
Any complication 1 - - (+4)
A dical licati 1 4
ny medical complication - - (+44)
Any surgical complication 1 4
y surgi plicati - - (+44)
. . . 5
Urinary tract infection - - -
(+++)
. L . 5
Surgical site infection - - -
(+++)
: 4
Sepsis 1 - - (++4)
Cardiac (including cardiac 4
arrest and myocardial - - -
A ; (+++)
infarction)
. 5
Pneumonia - - -
(+++)
. 5
Acute renal failure - - -
(+++)
Cerebrovascular accident
(CVA) or transient ischaemic 1 - - 3 (++)
attach (TIA)
Renal
Chronic kidney disease 1 - i 5
(CKD) (+++)
Dialysis dependence - - - 4 (++)
Renal failure-acute,
. - - - 4 (+4)
preoperative
Renal failure/disease- 6
. o 1 - -
chronicity unspecified (++++)
Rheumatological and autoimmune
Rheumatoid O 3 (++)

arthritis/collagen vascular
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Meta-analysis

diseases

Steroid or other
immunosuppressant use for - - -1 - - 3(+4)
chronic condition

Other
Preoperative opioid use - - - 2 1 - 3(+4)
Post-discharge opioid use - - -1 - - 1)
Preoperative medication use .. i L3
(general)
Preopera_.tlve medication use o 1 S 1w
(analgesics)
Preoperative medication use S i S o2

(anticonvulsants)

Preoperative medication use
(Serotonin-norepinephrine - - - - 1 - 2(4)
reuptake inhibitor (SNRIs))

Preoperative medication use

(Tricyclic antidepressants - - - - 1 - 2(4)
(TCAs))
Preoperative medication use
= = 5 = = +

(sedatives) ! 2 ()

4
Wound class 1 - - - 2 -

(+++)

Overall quality: + very low quality = very little confidence in the effect estimate: true effect likely to be substantially
different from the estimate of effect; ++ low quality = confidence in the effect estimate is limited: the true effect may
be substantially different from the estimate of the study; +++ moderate quality = moderately confident in the effect
estimate: true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different; ++++ high quality = very dahfiel®iSuattasrobRffditdrd803egiaBhie ST the estimate of the effect.

Meta-analysis

Prognostic factor OR (95% CI) Overall quality

0.92 (0.68—

Hispanic race 1.25)

5 (+++4)
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Narrative Synthesis

Univariate Multivariate

Prognostic factor 2:;;?::
+ 0 -+ 0
Age (continuous variable)
Age 3 1 - 4 3 - 5 (+++)
Sex
Female sex - 1 - - 1 4 5 (++4)
Male sex 2 2 - 8 - - 6 (++++)
Race
Black (reference = white or non-Black) 1 1 - 4 3 - 4 (+++)
Hispanic (reference = white or non-Hispanic) - 1 - - - - 1(+)
Asian (reference = white) - 2 - -1 2 4 (++4)
Native Hawaiian (reference = white) - 1 - = = - 3 (+4)
American Indian (reference = white) - 2 - - 1 - 4 (+++)
White - 1 1 - 1 - 2(+)
Indian (reference = Chinese) - - S 2(+)
Malay (reference = Chinese) T S 2(+)
Biracial (Workman) or mixed race (Ali) 1 - - 1 - - 5 (+++)
Minority ethnicity - - - 1 - - 2(+)
Other (Tang = Chinese; otherwise = white) - 1 - 1 4 2 3 (++)
Missing - 1 - 1 - 3 3 (+4)
Race (combined a_nalysis - i.e., racial cilifference exists 5 i i 1 - ) 4 (++4)
between readmitted and non-readmitted cohorts)
Socioeconomic
Decreasing incoming - - - 3 1 - 5 (+++)
Low socioeconomic status 1 - - 1 - - 4 (+++)
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Insurance status

Medicare (reference category = private insurance or non-

Medicare) - - A 4 (+++)

Medicaid (reference category = private insurance) - - - 3 - - 3 (++)
Self-pay, no charge, workers’ c_ompe_nsation, or other i ) ) i 5 3 2 (+)

(reference category = private insurance)
Disability entitlement - - oS 3 (++)
Functional status, living situation, and frailty

Dependent functional status - - - 1 - - 4 (+++)

Use of walking aids 1 = = - 1 - 4 (+++)

Living alone - 1 - - 2 - 5 (+++4)

Living in an institution or nursing home = 1 = 1 = = 3 (=5)
Homeless - - - 1 - - 2(4)

Meta-analysis

Prognostic factor OR (95% CI) Overall quality
Elective vs non-elective 0'83 5905)7 = 5 (+++) Jstantially
sffect may
Narrative Synthesis the effect
Univariate Multivariate Jstantially
. Overall
Prognostic factor ualit ot
+ o - + 0 - quality
Operative variables
Elective or non-elective procedure - - - - 1 - 4 (++4)
Emergency procedure - - - - 1 - 4 (++4)
Traumatic indication for TKA - - -1 1 - 4 (++4)
Bilateral procedure - 1 - 2 2 - 3 (+4)
Revision surgery (vs primary) 1 1 -1 - - 3 (++)
Healthcare utilisation
Increasing number of previous admissions - - -2 - - 5 (+++)
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Number of prior knee procedures - - Sl 4 (+++)
GP visit between surgery and readmission 1 - - - - 1 3 (++)
Radiation therapy within 90 days prior to ) o ) ) N/A
procedure
Chemotherapy within 30 days prior to procedure - 1 SRS = = 2(+)
Prior operation - - G 1(+)
>30 outpatient visits in the 365 days prior to i .1 - 1(+)
procedure
Patient-reported outcome measures - S -1 - - 1(+)
Patient location = = = = 4 2(+)

3.4. Synthesis of Evidence _ _ _ _ _
N/A = not-assessable; Overall quality: + very low quality = very little confidence in the effect estimate: true effect

ol B ke angatbRiferentiom s ReiageiRl efaahiss &Y Svaliy g conidence i dhaisieshesimgindr
fRisdiadhgiisyanafiech e de st f Rt it dhe BRimAteyah sy Siidry it drrie R, Aty &
hadsHelEanbidentindhsigffeciRsimats: fuersliers hikedfa be 60 R e slinrigohiaesiiegt Pihiesmis
A Pafsiiy. thalkisssyesiaialy s iEersiementary File 1, Section S19).

3.4.1. Comorbidities

On meta-analysis, risk factors associated with 30-day readmission were: arrhythmias (including atrial fibrillation),
anaemia, deficiency anaemias, peripheral vascular disease, liver disease, and coagulopathy. On narrative
synthesis, risk factors associated with 30-day readmission were: hypertension, congestive heart failure (CHF),
diabetes, elevated preoperative international normalised ratio (INR), elevated serum blood urea nitrogen (BUN),
reduced serum albumin, depression, drug abuse, history of cancer, and chronic kidney disease (CKD). On
narrative synthesis, increasing comorbidity burden as indicated by Charlson Comorbidity Index, Elishauser Index,
and Diagnosis-Related Group roughly correlated with increased readmission risk. This relationship was not

observed strongly for American College of Anaesthesiologists (ASA) Classification.

Body mass index (BMI) was categorised in different ways in various studies, but on meta-analysis none of these
categories were correlated with readmission. Similarly, when BMI was presented as a continuous variable it did not
consistently correlate with readmission. However, when presented in categories, both obesity and morbid obesity
did correlate with readmission both on meta-analysis and on narrative synthesis. Note that obesity categories were
not clearly defined in these studies which used the labels ‘obesity’ or ‘morbid obesity’. It is possible that these

terms were defined in line with the definitions given by the World Health Organization8, but this was not stated.

3.4.2. Demographics
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Age was categorised in many ways, making a direct comparison of studies for the Summary of Findings table

impractical. The findings of individual studies are all documented in Supplementary File 1 (Tables S9-S13). When

age was analysed as a continuous variable three of seven studies found that older age correlated with readmission
risk, one study found that younger age correlated with increased risk and the remaining three studies found no

correlation.

Risk factors correlated with increased readmission risk were: male sex, Black race, decreasing income, low
socioeconomic status, Medicare insurance (US-based cohort, private insurance as the reference category),

dependent functional status, and frailty. Asian race was protective against readmission.

3.4.3. Other

Patients who underwent elective surgery were less likely to be readmitted than those who underwent urgent
surgery, providing the best-available estimation of the impact of the urgency of the patient’'s condition on
readmission risk. A higher number of previous hospital admissions was correlated with increased readmission risk,

whereas a higher number of prior knee procedures was protective against readmission.

The following in-hospital complications that occurred during the index admission, were strongly correlated with
readmission risk: any complication (combined category), any medical complication, any surgical complication,
urinary tract infection (UTI), surgical site infection (SSI), cardiac complication, pneumonia, acute renal failure. The
correlation between in-hospital complication and subsequent risk of 30-day readmission was stronger than for any

other variable.

3.4.4. Revision-Only Cohorts

Meta-analysis of 30-day readmission risk for revision TKA was not possible therefore we conducted a narrative

synthesis (see Supplementary File 1, Table S8). Similar to that of the primary TKA studies, in-hospital

complications were strongly correlated with readmission after discharge after revision TKA. Of interest, Belmont et
al. 20169 and Courtney et al. 201872 reported contrasting findings with respect to the impact of sex on
readmission risk, with the former reporting increased risk due to female sex and the latter reporting increased risk
due to male sex. Both studies analysed the NSQIP cohort, with Courtney analysing the data from 2012—-2016 and
Belmont analysing the data from 2011-2012. Unique to this population, revision for infectious aetiology correlated

with higher rates of readmission than revision for other indications.

3.4.5. Different Types of Readmission

The focus of this review is on 30-day readmission due to any cause, so the main summary of findings tables
comprise studies that analysed all-cause readmission. Three of these studies additionally analysed readmission
due to specific causes: D’Apuzzo et al. 2017 , Ali et al. 2019 42l and Rudasil et al. 201982, An in-depth discussion
of the differences between risk factor profiles for each of these outcomes is given in the full text articles. One other

study, Anthony et al. 20184, did not analyse all-cause readmission, instead focusing on readmission due to
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surgical site infection only. On multivariate logistic regression analysis (OR (95% confidence interval)), risk factors
found to be associated with risk of readmission were: age 18-30 (reference category <18: 0.114 (0.02-0.63)),
female sex (0.559 (0.53-0.59)), private insurance and Medicaid (reference category Medicare: 0.679 (0.63-0.73)
and 1.489 (1.32-1.68), respectively), hypertension (1.189 (1.11-1.27)), obesity (1.182 (1.11-1.26)), and diabetes
(1.122 (1.05-1.2)). The results for each of these studies are available in Supplementary File 1 (Tables S12 and
S13).
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