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Abstract

Osteoarthritis is a debilitating condition as well as a growing global health problem, and total
knee arthroplasty is an effective treatment for advanced disease. Unplanned 30-day hospital
readmission is an indicator of complications, which is a significant financial burden on
healthcare systems. We reviewed the literature to better understand the patient-related factors
associated with unplanned 30-day readmission following total knee arthroplasty.

MEDLINE and EMBASE were searched for studies reporting on patient-related risk factors for
unplanned 30-day readmission following primary or revision total knee arthroplasty for any
indication.

The impact of specific medical comorbidities on increasing the risk of 30-day readmission
following TKA is quite well established. The following comorbidities are strongly associated with
readmission: bleeding disorder, diabetes, CKD and dialysis, chronic immunosuppressant use,
and history of cancer. Other significant comorbidities include: dementia, depression,
haematological (coagulopathy, anaemia), cardiovascular (AF, CVD, CAD, CHF), respiratory
(COPD), liver disease, and CVA/TIA (but only in revision TKA patients). The influence of
variation in sex, age, and BMI each demonstrate a more complex pattern. A systematic review
and meta-analysis is required to quantify the impact of the various patient-related factors on 30-
day readmission following total knee arthroplasty. Clinicians can use this information in
preoperative decision-making.
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Introduction

Total knee arthroplasty (TKA) is a highly effective treatment for advanced knee
osteoarthritis (OA) improving health-related quality of life @ and demonstrating good long-term
survivorship @. The number of knee arthroplasty procedures undertaken annually has increased
by 123.5% in Australia since 2003 @, and Kurtz et al. reported an expected increase in TKA
demand by 673% in the 25 years leading up to 2030 in the United States alone ©.

30-day unplanned hospital readmission is an important metric closely related to post-
operative complications, and hospitals are being held accountable for high 30-day readmission
rates as an indicator of quality of care ®. This particular post-operative outcome reflects a
complex relationship between the general health and physiology of the patient and the morbidity
of the surgery © ©, Knowing the patient-related risks for readmission facilitates mitigation, and
the ability to identify those patients at highest risk of readmission will improve the quality and
delivery of care.

The total joint arthroplasty (TJA) literature describes discrepancies regarding some
important risk factors for 30-day unplanned readmission. Some investigators reported an
increased risk associated with prominent demographic factors such as older age ©7® and
increased body mass index (BMI) ®), and high American Society of Anaesthesiologists (ASA)
class ™ which encompasses comorbidity burden, while other did not ©¢?,

The aim of this review is to address these important differences in the available
literature, and to build upon this knowledge by reviewing the findings of the literature pertaining
to the impact of a broader range of demographic factors and comorbidities on 30-day
readmission risk in TKA patients. This is not a statistically rigorous systematic review and meta-
analysis, but a narrative review written to highlight themes and issues as they appear in the
literature as it stands. This review can be read by clinicians to gain familiarity with patient risks
and identify major themes in the literature, and readers can interpret these themes based on
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their own knowledge, experience, and judgement, particularly where tensions exist in the
available evidence. It also lays the foundation for a systematic review and meta-analysis.

Methods

Eligibility criteria and screening of articles
Titles, abstracts, and full text articles were screened according to the agreed eligibility criteria in
order to answer a specific research question.

Eligibility criteria:

- Population: all TKA patients for any indication, including: primary, revision, bilateral, and
unilateral TKA for osetoarthritis, inflammatory arthritis, post-traumatic arthritis, etc.

- Predictor variable: patient risk factors.

- Comparator: N/A.

- Outcome variable: unplanned 30-day readmission to any institution due to any cause,
therefore including studies investigating all-cause readmission and those investigating
readmission due to a specific cause.

- Study type: case series were excluded; all other types of quantitative study design were
eligible for inclusion.

Research question:

- Which patient-related factors are associated with increased risk of unplanned 30-day
readmission following TKA?
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Figure S1 depicts the PRISMA flowchart documenting the number of titles, abstracts, and full
text articles screened to arrive at the final 47 articles included in this review.

Results
The key findings of each study were presented in summary tables:

- Table S1: Comorbidities and risk of 30-day readmission

- Table S2: Demographic factors and risk of 30-day readmission

- Table S3: Procedure-related factors and risk of 30-day readmission
‘Key findings’ were those on which the authors focused in a given paper. Relevant non-
significant findings were only included when identified by authors as being relevant to the
research question of a particular study, or when concerning the impact of BMI and age on
readmission risk.
The tables document whether BMI and age were analysed as categorical or continuous
variables, for all studies reporting these variables. BMI is included in Table S1 for ease of
reference when comparing the impact of obesity, a comorbidity, and variations in BMI on
readmission risk.
In the ‘Type of study’ column, single-institution studies are flagged because readmissions to
other hospitals may not be captured in the analysis and readers should be aware of this
potential limitation.
A hierarchical approach was used to present findings. For statistically significant findings, effect
size was presented when available. If effect size was not available, any available measure of
statistical significance was presented. The results of multivariable analyses were similarly
favored when available.

Discussion

Comorbidities with the highest effect size (OR >2)
Table S1 depicts the major findings from all studies. Listed below are those comorbidities for
which a particularly large effect size was detected.

Cerebrovascular accident (CVA) and transient ischaemic attack (TIA)

Belmont et al. @ found an OR (95% ClI) of 3.47 (1.30-9.25) associated with history of CVA or
TIA, which were combined as one predictor in the multivariate analysis. This was the only study
included in this review to find an association between this predictor and 30-day readmission,
and this study was limited to a revision-only TKA population and as such the findings cannot be
generalised to primary TKA patients.

Bleeding disorder
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Pugely et al. @ reported an OR of 2.01 (1.34-3.01) for ‘bleeding disorder’ as a predictor of
readmission. Lehtonen et al. ®4 also found bleeding disorder to be a risk factor, but only on
univariate analysis. They went on to combine all comorbidities into a single predictor in the
multivariate analysis. Each study analysed a sample from the American College of Surgeons
National Surgical Quality Improvement Program (ACS-NSQIP), so it is reasonable to expect that
the definition of ‘bleeding disorder’ was the same for these studies and therefore the reader can
be assured these studies are each analysing the same predictor variable.

Diabetes

Basques et al. ®® found that both non-insulin-dependent diabetes mellitus (NIDDM) and insulin-
dependent diabetes mellitus (IDDM) were associated with readmission. The former had an OR
of 3.27 (1.29-8.34) and the latter 4.02 (1.06-15.30), compared to patients without diabetes. This
contrasts with the findings of another large study by Webb et al. ), who reported an OR <2 for
IDDM, and found no increase in the risk of readmission when patients with NIDDM were
compared to patients without diabetes. Both studies analysed the ACS-NSQIP database for the
same time period, but Basques et al. was primarily analysing the effect of same-day discharge
compared to inpatient arthroplasty whereas Webb et al. were specifically investigating the effect
of diabetes.

Table S1 also shows that most large studies analysing diabetes as a single predictor variable,
without distinguishing between NIDDM and IDDM, also found that it increased the risk of
readmission although not to the same extent as Basques et al.

Chronic kidney disease (CKD) and dialysis

Kuo et al. ®” reported an OR of 6.2 (1.98-12.18) when non-CKD patients were compared to
CKD patients to determine readmission risk. The primary aim in this study was to determine the
impact of CKD on readmission risk in TKA, but it comprised a small sample size of 615 patients.
The larger study by Workman et al. ®® found that CKD was associated with increased
readmission risk on univariate analysis but not on multivariate analysis.

However, two much larger studies by Ottesen et al. ¥ and Patterson et al. ?® each found that
dialysis-dependence, indicating end-stage CKD, increased the risk of readmission on
multivariate analysis. Considering all of these findings, CKD does appear to increase
readmission risk even though it is not a universal finding in the literature.

Chronic immunosuppressant use

Hart et al. @Y reported an OR of 2.33 (1.44-3.74) for chronic steroid use. This finding is
corroborated by Curtis et al. ?? who found a smaller, but still significant, increase in risk but
included a much broader range of immunosuppressants than corticosteroids alone. Further
research is warranted to determine the effect of specific types of immunosuppressant on
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readmission risk, and the extent to which the specific underlying condition contributes to this
effect.

History of cancer

Pugely et al. ™ reported a very large OR of 11.73 (1.93-71.30) for history of cancer. This finding
is corroborated by D’Apuzzo et al. who found that lymphoma and secondary tumour without
metastasis each increased readmission risk, although not to the same extent. It is very
important to note that Pugely et al. were unable to determine the proportion of readmissions,
among those with a history of cancer, which were planned readmissions for chemotherapy. The
focus of the current review is on unplanned readmissions, therefore this is an important
consideration in interpreting the findings of this study. With that in mind, the more conservative
estimates calculated in the much larger study by D’Apuzzo et al. are more applicable to the
current review.

Comorbidities with lower effect size (OR between 1-2)
Table S1 depicts readmission risk associated with the following comorbidities:
- ASA class =3, indicating overall comorbidity burden
- Psychiatric: psychosis, dementia, depression
- Haematological system, and preoperative blood parameters: coagulopathy, anaemia,
high serum blood urea nitrogen (BUN), low albumin, low platelets, elevated INR, fluid
and electrolyte disorder
- Cardiorespiratory: hypertension, atrial fibrillation (AF), cardiovascular disease (CVD),
coronary artery disease (CAD), COPD, congestive heart failure (CHF), and prior
percutaneous intervention (PCI)
- Liver disease

BMI and obesity

Table S1 highlights that the literature is considerably more divided on the association between
30-day readmission and obesity or changes in BMI, due largely to differences between studies
in terms of analysis of BMI as either a continuous or categorical variable. The internationally-
accepted classification system for BMI (in kgm™2) is that of the World Health Organization @¥:
underweight (<18.5), normal weight (18.5-24.9), pre-obesity or ‘overweight’ (25.0-29.9), obesity
class |1 (30.0-34.9), obesity class Il (35.0-39.9), obesity class Il (>40). Categorisation of
continuous variables is a common practice in the literature, but one that is prone to
methodological problems which increase the risk of error in the statistical analysis and make it
very difficult for readers to compare findings between studies with different classification
systems @429 |t is beyond the scope of the current review to settle the debate as to whether
such a practice should always be avoided or whether it is sound practice at least in certain
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circumstances, but the focus of this review is on the findings of those papers which reported
BMI as a continuous predictor variable. A systematic review and meta-analysis will rigorously
guantify this relationship and clarify the impact of changes in BMI on readmission risk. Due
consideration will be given to the distinction between analysis of BMI as a continuous vs.
categorical variable, as well as continuous data with a non-normal distribution.

BMI as a continuous variable
None of the studies included in this review found a significant difference in BMI between the
readmitted and non-readmitted groups when BMI was analysed as a continuous variable.

BMI as a categorical variable

Table S1 shows considerable variability in the findings when BMI is analysed as a categorical
variable. Many studies used a data-driven categorisation system or listed ‘obesity’ without
strictly defining the term. However, it is worth noting that the majority of the papers which
treated BMI as a categorical variable adhered to the WHO classification.

Age

Table S2 depicts the variability in the findings pertaining to age as a predictor of readmission.
As with BMI, the focus of this review is on age as a continuous variable. A systematic review
and meta-analysis will further clarify the relationship between age and risk of readmission.

Age as a continuous variable

Only two studies including age as a continuous variable, Lehtonen ¥ and Sutton ®?, reported a
significant difference between readmitted and non-readmitted patients, with readmitted patients
being significantly older. Furthermore, Sutton et al. only detected a difference on univariate
analysis. Their multivariate logistic regression model did not find a significant increase in the risk
of readmission due to increasing age.

Age as a categorical variable

Unlike BMI, age does not have a clearly defined and widely accepted categorisation system.
The United Nations has published guidelines on the categorisation of age, and defines three
levels of detail: “Highest”, “Medium”, and “Lowest” G, Some studies use a categorisation
system that resembles the “Medium” level of detail (see Table S2). Others appear to take a
data-driven approach to age categorisation ©2, which leads to difficulty in comparing results
across studies @9,

Sex
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Males are frequently found to be at increased risk of readmission following TKA compared to
females (Table S2), but there are important deviations from this trend in the literature. Kheir et
al. @ found no association between sex and risk of readmission, however there is a small
chance of loss to follow-up in this study if patients were readmitted to a hospital which was not
part of the urban academic hospital network in this study.

Focusing on revision TKA, Courtney et al. ¢ found that male sex was associated with
increased risk of readmission in a revision-only TKA population. However, Belmont et al. % also
limited their study to revision TKA and reported that female sex increased readmission risk.

In summary, it is unclear whether there is a sex difference in readmission risk. Subgroup
analysis in a systematic review and meta-analysis will facilitate more rigorous investigation of
this issue, for example to distinguish between revision and primary TKA populations.

Other demographic factors
Table S2 shows other demographic factors that were associated with 30-day readmission,
including:

Socioeconomic status
- Unsurprisingly, socioeconomic and financial disadvantage are associated with increased
risk of readmission. There is no discrepancy in the available literature pertaining to this
important patient-related factor, but only four studies reported it. Furthermore, each of
these reported on a different metric for socioeconomic disadvantage. Future research
involving multiple validated indicators of socioeconomic status could help to clarify the
impact of such disadvantage on readmission risk.

Functional status
- Patients with dependent functional status were frequently found to be at higher risk of
readmission. Different definitions are given in the literature, and as such it is difficult to
compare the findings between studies. A clearer, more widely agreed-upon definition for
levels of functional status would enable more accurate comparison between studies.

Race
- Conflicting findings are demonstrated in the literature. Some studies demonstrate
increased readmission risk associated with certain ethnicities, with inconsistent findings
pertaining to the specific differences, and Kheir ¢ reported no association between race
and readmission risk.
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Procedure-related factors

Surgical indication

The limited amount of literature pertaining to the relationship between readmission risk and
indication for TKA indicates that revision TKA for infection, and trauma-related TKA, are at
increased risk of 30-day readmission (Table S3). Schairer et al. ®® provided the additional
finding that revision TKA, regardless of the reason for revision, is associated with increased risk
of readmission compared to primary TKA. Courtney et al. @ only included revision TKA,
therefore their reported finding of increased risk of readmission with revision TKA for infection
was in comparison with revision TKA for non-infected indications, rather than being in
comparison to primary TKA. Both studies which reported on the impact of trauma-related TKA
on readmission risk found a positive correlation ©% 39, but further research is needed to
strengthen the evidence for these findings and also to expand upon them by investigating
different types of trauma-related TKA.

Unilateral vs. Bilateral

Most of the limited amount of literature reporting on the difference in readmission rates of
unilateral vs bilateral TKA indicate that bilateral TKA does not carry increased risk of
readmission compared with unilateral TKA (Table S3). These findings must be interpreted with
the following information in mind — Bullock et al. ©® performed a single-institution study and as
such loss to follow-up of any patients who were admitted within 30-days post-TKA to a different
hospital were not included in readmission data. Furthermore, the study by Welsh et al. ¢?
involved a sample size of nearly one million patients, which is much larger than Bullock et al. ©8
and Kheir et al. 3, Further research could clarify the risk of readmission when simultaneous
bilateral TKA is compared with staged bilateral TKA, and when each of these is compared with
unilateral TKA.

Conclusion

The impact of specific medical comorbidities on increasing the risk of 30-day readmission
following TKA is quite well established. The following comorbidities are strongly associated with
readmission: bleeding disorder, diabetes, CKD and dialysis, chronic immunosuppressant use,
and history of cancer. Other significant comorbidities include: dementia, depression,
haematological (coagulopathy, anaemia), cardiovascular (AF, CVD, CAD, CHF), respiratory
(COPD), liver disease, and CVA or TIA (but only in revision TKA patients). The influence of
variation in sex, age, and BMI each demonstrate a more complex pattern. Further research into
the difference in readmission risk when revision TKA is compared to primary TKA, and bilateral
TKA compared to unilateral TKA, will clarify the impact of these factors. A systematic review and
meta-analysis is needed to quantify the impact of patient-related factors on readmission risk so
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clinicians can better understand their patients’ likely postoperative course. This information is
important for preoperative decision-making, enabling clinicians to optimise treatment plan for
patients and adequately prepare for their postoperative recovery period in order to provide the
most cost and clinically effective care.
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