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Background: This article evaluates the predictive accuracy of the CareMOSAIC Risk Assessment for
discharge disposition in Medicare patients undergoing total joint arthroplasty.
Methods: Retrospectively collected data from a single institution on 499 consecutive Medicare patients
who underwent primary total hip arthroplasty or total knee arthroplasty were reviewed. The
CareMOSAIC Risk Assessment was completed by each patient during the preoperative period. The
CareMOSAIC Risk Assessment scores were calculated via the CareMOSAIC software, and the scores
indicate a risk category for each patient as it relates to posteacute care discharge needs.
Results: The CareMOSAIC Risk Assessment with a binary logistic regression area under the receiver
operating characteristic curve of 0.798 appears to be a reliable tool for predicting discharge disposition.
The assessment had a positive predictive value of 90.0% and negative predictive value of 76.3% for
discharge disposition.
Conclusions: The CareMOSAIC Risk Assessment effectively predicts the discharge disposition for Medi-
care patients undergoing total hip or total knee arthroplasty.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

The aging population of the United States has led to an increase
in demand for total joint arthroplasty (TJA). As the volume of TJA
cases increases, the healthcare industry focuses on quality, cost
containment, surgical outcomes, and overall value. It is often the
postdischarge costs that drive up the total expenditures related to
TJAs, and it is important to understand patient risk factors that
predispose them to further postsurgical needs.

TJAs have become commonplace in the setting of orthopaedic
surgery. The Centers for Medicare and Medicaid Services (CMS) data
from 2014 indicate that almost 500,000 TJAs were performed in the
U.S., costing $6.2 billion [1]. Research has projected that the number
of total knee arthroplasties (TKAs) occurring in the United States will
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exceed 3.4million per year by 2030 [2], with a projected cost of more
than $11 billion a year [3]. Additionally, Medicare patients had a
mean episode of care payment range of $25,568 for primary TJA in
patients with no comorbidities to $50,648 for revision TJA in patients
with significant comorbidities or complications [4]. Bozic et al.
determined that postdischarge payments accounted for 36% of all
total payments in Medicare patients undergoing TJA. Of all Medicare
patients undergoing TJA, 49% of those patients were discharged to
posteacute care (PAC) facilities, and that 49% of patients accounted
for 70% of postdischarge payments [4]. Establishing predictive
instruments that forecast discharge disposition will allow providers
to prepare for discharge needs with some certainty.

Patients undergoing TJA are discharged to various locations such
as home, home with home health, or PAC settings such as swing
beds, skilled nursing facilities (SNFs), rehabilitation centers, or
nursing homes. An evaluation of 106,360 patients undergoing TJA
revealed that the more common discharge destinations include
home (70%), SNF (19%), and inpatient rehabilitation facility (11%)
[5]. The decision to discharge to a particular location is based on the
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patient's personal needs, physical skills, or medical status. It is
essential that with the growing volume of TJAs being performed in
the United States that healthcare organizations accurately identify
those patients needing PAC and optimize their discharge plans
before surgery.

London et al evaluated 14,315 TJAs throughout a 3-year period
to determine the predictors of patient discharge location. It was
determined that a patient's length of stay (LOS), age, illness
severity, insurance, and physician affiliation played a role in
determining discharge disposition. All non-Medicare patients were
more likely to discharge home than the Medicare patients who
were more likely discharged to an SNF or a rehabilitation center.
Additionally, patients whowere discharged homewere, on average,
10 years young and stayed in the hospital for 0.7 fewer days [6].
London et al also determined that patients with less severity of
illnesses were more likely to be discharged home, whereas patients
withmoderate, significant, or extreme severity of illness weremore
likely discharged to extended-care facilities.

Patients who live alone before undergoing a TJA may have an
additional barrier for discharge to home after surgery. Fang et al
evaluated 127 patients at a tertiary care academic hospital under-
going TJA who lived alone before surgery. Data analysis indicated
that patients who lived alone were more likely to be discharged
home if they were younger, were employed, were active, had a
shorter LOS, had no expectation of being discharged to an SNF, and
had a lower American Society of Anesthesiology score at the time of
surgery. Further evaluation revealed that patient preference for
dischargewas the strongest predictor of discharge disposition, with
patients wishing to go to an SNF being 29 times more likely to
discharge there [7]. Although age and caregiver support at home
were significant during a multivariate predictor analysis, it was
patient expectations of discharge that was the most critical pre-
dictor of discharge disposition [8].

Keswani et al evaluated 106,360 patients undergoing TJA and
assessed patient characteristics for associations with discharge
disposition. When these researchers controlled for patient de-
mographics, comorbidities, and severe adverse events before
discharge, they were able to make some determinations about
discharge disposition. Reliable indicators for patients requiring PAC
placement included renal disease, prior dependent functional
status, body mass index (BMI) > 40, severe adverse events before
discharge, American Society of Anesthesiology classification of III or
IV, pulmonary disease, bleeding-causing disorders, diabetes,
steroids for chronic conditions within 30 days of surgery, hyper-
tension, and history of smoking [5].

Although patient characteristics play a role in discharge dispo-
sition, it is also essential to understand discharge decision-making
based on socioeconomic, geographic, and racial/ethnic factors.
Inneh et al analyzed data on 7924 patients who underwent primary
TJAs in an urban setting, and the data indicated that 5088 (64%)
patients were discharged home and 2836 (36%) were discharged to
a PAC setting. In a multivariate analysis, statistically significant
predictors of discharge to a PAC setting include low-middle socio-
economic status, age, female gender, and TKA procedure. Patients
who were non-black race/ethnicity were less likely to be
discharged to a PAC facility [9].

With the inception of the bundled payment programs through
CMS, healthcare providers are now responsible for the costs of the
entire episode of care after the TJA. Researchers examined the costs
associatedwith different PAC settings after participation in the CMS
bundled payment program and demonstrated that the average cost
of PAC for the 90-day episode was $4657 for home with health
services, $11,719 for SNF, $3500 for home with home services after
discharge from an SNF, and $9541 for a readmission [10]. Slover
et al. [10] demonstrated that discharge to home was more cost-
effective in the bundled payment program than was discharging
to a PAC facility. The identification of risk factors will allow the
healthcare team to implement strategies to optimize the patient,
plan for discharge, maintain quality, and maintain patient
outcomes.

The Risk Assessment and Prediction Tool (RAPT) is commonly
utilized in the setting of TJA and is predictive of discharge dispo-
sition after a TJA. RAPT was developed by Oldmeadow et al. [11]
through the use of logistic regression modeling and was based on
6 variables: age group, sex, walking distance, use of gait aid, use of
community supports, and caregiver at home. Many healthcare in-
stitutions enrolled in the Medicare bundled payment programs
have utilized the RAPT to assist with preoperative discharge plan-
ning to help identify patients who are at a low risk (score >9),
medium risk (score between 6-9), or high risk (score <6) of
discharge to a PAC facility. Slover et al. [12] evaluated RAPT and
patient discharge disposition after TJA and concluded that RAPT
was accurate in 73% of the high-risk group cases and 91% accurate
in the low-risk group cases. These findings are consistent with
previously reported data by Hansen et al. [13] that determined a
78% predictive accuracy rate for scores <6 and a 90% accuracy rate
for scores >10. Based on the population sample, Hansen et al noted
a 65.2% predictive accuracy for scores between 7 and 10. These
researchers concluded that shifting the high-risk category to a
score of <7 would help better identify patients potentially needing
PAC placement. Overall, the RAPT has shownpredictive accuracy for
discharge disposition, and its implementation in the clinical setting
has been thoroughly vetted and validated.

Workman et al set out to establish a tool that can be utilized by
healthcare professionals on postoperative day 0 to help identify a
patients' discharge disposition. The Predictor of Appropriate
Discharge Destination (PADD) was developed as an extension to the
RAPT. The PADD incorporated several of the RAPT metrics and
added in functional metrics. The final instrument included vari-
ables such as gait distance, mobility-assist level, diagnosis, age, and
gender [14]. Researchers have compared the patient's PADD score
to the actual discharge destination in a retrospective and pro-
spective sample. The investigators identified in the retrospective
sample an 82.5% true-positive rate for discharge home, a 68.5%
true-negative rate for those needing extended care services, a 31.5%
false-positive rate, and a 17.5% false-negative rate. The investigators
identified in the prospective sample an 83.4% true-positive rate for
discharge home, a 74.5% true-negative rate for those needing
extended care services, a 25.5% false-positive rate, and a 16.6%
false-negative rate [14]. Overall, the investigators concluded that
the PADD assessment demonstrated good predictive accuracy for
determining the discharge destination.

The RAPT has been demonstrated [11] to be effective in deter-
mining discharge disposition. However, healthcare professionals
continue to seek out instruments that will aid in their decision-
making process to help improve patient outcomes and patient
satisfaction.

The CareMOSAIC Risk Assessment is a preoperative questionnaire
that has been developed to assist in making decisions about
discharge disposition. The CareMOSAIC Risk Assessment is currently
utilized as a part of the CMS Bundled Payment for Care Improvement
program. The CareMOSAIC Risk Assessment consists of a 51-item
questionnaire that assesses various aspects of a patient’s social
support, living arrangements, medical comorbidities, functional
status, and mental status. A clinical staff member conducts the risk
assessment, and each question is answered directly by the patient.
The answers are then entered into the CareMOSAIC software, and
through a Signature Care Management proprietary calculation, an
overall risk score is determined. The CareMOSAIC Risk Assessment
approaches risk stratification through the history of each patient. The



Table 1
Descriptive statistics.

Variable N ¼ 499

n (%)

Procedure
TKA 305 (61.1%)
THA 194 (38.9%)

Age (g)
Mean 73.02
Median 72.00

Sex
Male 194 (38.9%)
Female 305 (61.1%)

CareMOSAIC cumulative score (g)
Mean 75.60
Median 77.00

CareMOSAIC percent score (g)
Mean 84.01
Median 86.00

CareMOSAIC risk category
Low risk 223 (44.7%)
Medium risk 245 (49.1%)
High risk 31 (6.2%)

Discharge disposition outcome
Home 410 (82.2%)
Posteacute care 89 (17.8%)

Table 2
Discharge destinations for CareMOSAIC risk categories.

Assessment risk category Home Posteacute care Total

Low risk 210 13 223
Medium risk 190 55 245
High risk 10 21 31
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risk classification generated by the CareMOSAIC Risk Assessment
reflects the patient's unique medical and social history. To date, the
CareMOSAIC Risk Assessment has not been evaluated for its pre-
dictive accuracy of discharge disposition. Because the CareMOSAIC
Risk Assessment has been deployed clinically and has been imple-
mented for risk stratification in patients undergoing TJA, it is
essential to proceed with evaluating the predictive accuracy of this
risk assessment tool. The purpose of this study was to determine the
CareMOSAIC Risk Assessment's predictive accuracy which has the
potential to aid healthcare professionals in their decision-making
process to better care for and manage their patients undergoing TJA.

Material and methods

A sample of 682 consecutive patients were reviewed for inclu-
sion into this study; after applying inclusion and exclusion criteria,
499 patients were entered into the study. Retrospectively collected
data from a single institution on 499 consecutive Medicare patients
who underwent primary total hip arthroplasty (THA) or TKA from
October 1st, 2018, to March 30th, 2020, were reviewed. We
hypothesized that the CareMOSAIC Risk Assessment will predict
the discharge disposition in the study participants. With a power
level set at 80% and an alpha level of 0.05, the 499 participants
provided a sufficient sample size to test the hypotheses.

Inclusion criteria were primary elective THA or TKA, age greater
than 65 years, Medicare insurance, and patients who had preop-
erative CareMOSAIC Risk Assessment scores. Excluded from the
study were patients who underwent conversion TJA, who under-
went revision THA or TKA, who underwent unicompartmental
knee arthroplasty, who underwent hip hemiarthroplasty, who are
older than 65 years but did not use Medicare as their primary in-
surance, and with incomplete CareMOSAIC Risk Assessment scores.
Patients with femoral neck fracture were excluded as they lacked
the CareMOSAIC Risk Assessment scores.

The CareMOSAIC Risk Assessments were completed by each
participant during the preoperative period (1-6 weeks before sur-
gery) and facilitated by a single case manager. CareMOSAIC Risk
Assessment scores are calculated via the CareMOSAIC software
(2019). CareMOSAIC Risk assessment scores indicate a risk category
for each patient as it relates to PAC needs;

� Low risk is indicated by a score >87%
� Medium risk is indicated by a score 71-86%
� High risk is indicated by a score <70%

Participant electronic medical records (EMRs) were reviewed to
determine postoperative discharge disposition, which was cate-
gorized as home (home and home with home health care) vs PAC
(SNF, swing-bed facility, rehab hospital, or nursing home).

Statistical analyses were conducted utilizing IBM SPSS Statistics,
version 26 (IBM, Armonk, NY, USA). Descriptive statistics were used
to describe the characteristics of the study participants. The study
utilized a P < .05 for statistical significance. The association
between CareMOSAIC Risk Assessment scores (cumulative and
percent [%] score) and discharge disposition was assessed through
binary logistic regression analysis. The effects of the logistic
regression analysis were summarized as odds ratios with 95%
confidence intervals (CIs). Following the logistic regression
analysis, the predicted probabilities for discharge to home and
discharge to PAC facility were calculated.

The performance of the logistic regression analysis was evalu-
ated through both calibration and discrimination techniques.
Calibration is the similarity between the probability of developing
the outcome being evaluated and the frequency of that outcome in
a group of patients [15]. The Hosmer-Lemeshow test was utilized as
a calibration technique. In this technique, the predicted probabili-
ties were stratified into categories, and a chi-square test was con-
ducted on the observed and predicted outcomes for each category.
A P value was calculated from the chi-square distribution to help
determine the overall goodness of fit. A P value of >0.05 indicates a
well-calibrated assessment, and a P-value <.05 indicates a poorly
calibrated assessment [15].

Discrimination is the evaluation of the risk assessments' ability
to differentiate between the study participants who experienced
the outcome of interest and those who did not experience it.
Discrimination is often evaluated by the C-index technique that
determines the area under the receiver operating characteristic
(AU-ROC) curve for the logistic model [15]. When evaluating a bi-
nary outcome, the concordance (c) statistic is equal to the AU-ROC
curve, which plots sensitivity (p(true positive test)) against
1- (p(false positive rate)) for consecutive cutoffs for the probability
of an outcome [16]. The C-index is a rank-order statistic for pre-
dictions against the true outcome measure. In general, the C-index
is a chance that given 2 individuals, one will develop the outcome
of interest and one will not; the model or assessment will assign a
higher level of probability of an outcome to the former [17]. A C-
index value of 0.5 indicates random predictions, and a value of 1.0
indicates an accurate prediction. A value > 0.8 has conventionally
been used to indicate a strong predictive model [15]. Levels of
discrimination are outlined by Hosmer et al. [18]. The AU-ROC was
obtained for the dependent variable of discharge disposition.
Results

There were 499 patients included in the analysis; 305 had un-
dergone a primary TKA, and 194 had undergone a primary THA.
Descriptive statistics for patients who underwent TJA are



Table 3
Logistic regression predicting likelihood of discharge home.

Assessment score B SE Wald df P Odds ratio 95% CI for
odds ratio

Lower Upper

Cumulative score �0.162 0.020 68.60 1 .000 0.850 0.818 0.884
Percent score �0.145 0.018 68.37 1 .000 0.965 0.836 0.895

Figure 2. Logistic regression analysis: The receiver operating characteristic (ROC)
curve for the sensitivity and specificity of the CareMOSAIC Risk Assessment percent (%)
score for discharge disposition. Area under the receiver-operating curve (AU-ROC) is
0.798.

C. Anderson, W. Schweinle / Arthroplasty Today 13 (2022) 165e170168
summarized in Table 1. Discharge destinations for each Care-
MOSAIC Risk Category are summarized in Table 2.

Binomial logistic regression was used to ascertain the relation-
ship between CareMOSAIC Risk Assessment cumulative scores,
percent scores, and the likelihood that participants were dis-
charged home. Linearity of the continuous variable with respect to
the logit of the dependent variable was assessed via the Box-
Tidwell [19] procedure. A Bonferroni correction was applied using
all the terms in the model, resulting in statistical significance being
accepted when P < .05 [20]. Based on this assessment, our
continuous independent variablewas found to be linearly related to
the logit of the dependent variable. A casewise diagnostic proced-
ure was performed to identify significant outliers in regard to the
dependent variable. There were no cases that fell outside of 3
standard deviations. Cases that were in between 2 and 3 standard
deviations were reviewed and evaluated. Therewere no errors with
the data for these cases. As a result, the decision to include all data
into the regression analysis was made to ascertain results that
reflect the observed data. Therefore, all of the data from the 499
participants were included in the analysis.

The logistic regression model for the CareMOSAIC Risk Assess-
ment cumulative score was statistically significant for discharge
disposition, c2 ¼ 90.286, P < .0005. The model explained 27.2%
(Nagelkerke R2) of variance in discharge disposition and correctly
classified 85% of cases. The sensitivity was 96.59%, specificity was
50.56%, positive predictive value was 90.00%, and negative
predictive value was 76.27%. Predictor variable statistical findings
are shown in Table 3. A Hosmer-Lemeshow test for calibration
Figure 1. Logistic regression analysis: The receiver operating characteristic (ROC)
curve for the sensitivity and specificity of the CareMOSAIC Risk Assessments
cumulative score for discharge disposition. Area under the receiver operating curve
(AU-ROC) is 0.798.
indicated a significant level of 0.292, indicating a well-calibrated
assessment. The AU-ROC curve will quantify the discriminative
power of a predictive instrument independently of the cutoff value
utilized [21]. The ability of our model to discriminate between
those who were discharged home and those who were discharged
to PAC setting was measured using the AU-ROC curve analysis. The
AU-ROC curve is equivalent to another often used statistic known as
the C statistic or concordance statistic which is used to describe
model discrimination. Therefore, an AU-ROC curve statistic of 1.0
indicated a perfect diagnosis and 0.5 represented chance. The AU-
ROC curve (Fig. 1) was 0.798 (95% CI, 0.748 to 0.848), which is an
acceptable level of discrimination according to Hosmer et al. [18].

The logistic regression model for the CareMOSAIC Risk Assess-
ment percent (%) score was statistically significant for discharge
disposition, c2 ¼ 89.611, P < .0005. The model explained 27.0%
(Nagelkerke R2) of variance in discharge disposition and correctly
classified 85% of cases. The sensitivity was 96.59%, specificity was
50.56%, positive predictive value was 90.00%, and negative
predictive value was 76.27%. The Hosmer-Lemeshow test for cali-
bration indicated a significant level of 0.232, indicating a well-
calibrated assessment. The AU-ROC curve (Fig. 2) was 0.798 (95%
CI, 0.748 to 0.848), which is an acceptable level of discrimination
according to Hosmer et al.
Discussion

Patients undergoing TJA are discharged to home, home with
home health, or PAC settings such as swing beds, SNFs, rehabilita-
tion centers, or nursing homes. Deciding to discharge a patient to a
particular location is based on the patient's personal needs (living
arrangements, social support, financial means, and transportation),
physical skills, or medical status. Research has linked discharge to
PAC settings as a significant contributor toTJA expenditures and has
shown these discharge locations to be associated with poor out-
comes and higher incidence of complications and readmissions
[22]. As such, many medical providers' priority is to identify those



Table 4
CareMOSAIC risk assessment performance measure comparison.

Study Risk assessment Outcome Performance measure

Current study (2021) (unpublished data)
(cumulative score)

CareMOSAIC Discharge disposition C statistic (AU-ROC): 0.798
Sensitivity: 0.966
Specificity: 0.506
PPV: 0.90
NPV: 0.763

Oldmeadow et al. (2003) [11]
Hansen et al. (2015) [13]

RAPT Discharge disposition Predictive accuracy with internal validation:
74.6%; external validation: 78%

Workman et al. (2020) [14] PADD Discharge disposition C statistic (AU-ROC): 0.82
Sensitivity: 0.83
Specificity: 0.68
PPV: 0.85
NPV: 0.65

Barsoum et al. (2010) [23] PLAN Discharge disposition C statistic (AU-ROC): 0.867

NPV, negative predictive value; PPV, positive predictive value.
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patients who can be safely discharged home. With reliable identi-
fication of discharge needs, there can be a more efficient utilization
of beds at the PAC facilities, which will reduce the LOS and improve
overall patient satisfaction [23]. Additionally, those who have a
higher likelihood of going home can make arrangements for post-
operative support systems, and patients may develop a sense of
confidence as healthcare professionals can better manage expec-
tations for discharge [23]. The development of predictive in-
struments for the clinical setting continues with aspirations of
accurately identifying all patients' needs.

The CareMOSAIC Risk Assessment with a logistic regression C
statistic or AU-ROC curve of 0.798 and awell-calibrated assessment
calculated by external validation appear to be an accurate tool for
predicting discharge disposition after a TJA. The model shows that
without the independent (cumulative and percent score) variables
included, the “best guess” assumes that all participants will be
discharged home. If this were to be assumed, the model would
correctly classify 82.2% of all discharges. If the independent vari-
ables are included separately in themodel, themodel now correctly
classifies 85.0% of all discharges. Although this þ2.8% increase in
classifications may seem negligible, when applying this model to
thousands of patients who underwent TJA, this increase in classi-
fication reliability could have a profound effect.

To evaluate the CareMOSAIC Risk Assessment performance mea-
sures, one must compare its predictions with other established risk
assessments (Table 4). Comparatively, predictive instruments such as
the RAPT have been investigated and found to have predictive accu-
racy measures of 74.6% with internal validation [11] and 78% with
externalvalidation [13]. Furthermore, thePADDinstrumentevaluated
by Workman et al. was found to have an AU-ROC curve of 0.82 for
retrospective data, alongwith a sensitivity of 83%, a specificity of 68%,
a positive predictive value of 85%, and a negative predictive value of
65%. The Predicting Location after Arthroplasty Nomogram created
and evaluated by Barsoum et al. had a prediction accuracy with a C
statistic of 0.867. These statistical findings align with the data estab-
lished during the analysis of the CareMOSAIC Risk Assessment. The
CareMOSAIC Risk Assessment correctly predicted the patients who
were discharged home 96.59% of the time (sensitivity) and correctly
predicted participants discharging to a PAC facility 50.56% of the time
(specificity). The CareMOSAIC Risk Assessment had a positive pre-
dictive value of 90.00% and a negative predictive value of 76.27%. The
CareMOSAIC Risk Assessment model results show that it is more
successful in accurately predicting patientswho are dischargedhome
than those discharged to a PAC facility.

An AU-ROC curve ranges from 0.5 (signals cannot be distin-
guished from noise) to 1.0 (perfect performance). The AU-ROC curve
is interpreted as the proportion of times the risk assessment would
correctly identify the signal if the signal (home discharge) and noise
(PAC discharge) were presented simultaneously [24]. Thus, with lo-
gistic regression, the CareMOSAIC Risk Assessment has an AU-ROC
curve of 0.78 with the cumulative and percent (%) scores. There-
fore, the use of the CareMOSAIC Risk Assessment preoperatively for
planning postoperative discharge needs is an effective tool. The
CareMOSAIC Risk Assessment can help identify patients who may
need some targeted intervention or optimization before surgery to
increase their likelihood of being discharged home. Given that the
CareMOSAIC Risk Assessment's performance measures are compa-
rable with previously published assessments, its clinical utilization
may be negatively impacted by the cumbersome process needed to
complete the assessment. The CareMOSAIC Risk Assessment is
longer than other assessments and requires access to software that
generates the score and risk classification. This study did not analyze
the stepwise approach to building the CareMOSAIC Risk Assessment
model but instead evaluated the outcomes associated with the risk
assessment itself. Future investigations should focus on the stepwise
approach to the creation of the risk assessment. This study does,
however, provide evidence of the CareMOSAIC Risk Assessment's
effectiveness in predicting the discharge destination for Medicare
patients undergoing THA or TKA.

The study's limitations include using a single-center design and
the use of a majority-white patient cohort. We expect our estima-
tions of postoperative discharge disposition to exhibit varying re-
sults in a sample with more variability. The extrapolation of our
findings to other healthcare settings may be limited. The research
team performed a thorough chart review; however, some patients
may have been inadvertently missed during the chart review pro-
cess. Additionally, patients with missing or incomplete data were
excluded from the study, affecting the overall statistical evaluation.
This study aimed to evaluate the CareMOSAIC Risk Assessment's
predictive accuracy in the elderly, Medicare patients undergoing
elective, primary inpatient TJA.

Further research should evaluate the CareMOSAIC Risk Assess-
ment in the revision and outpatient TJA circumstances. Additionally,
this study does not have a control cohort, as our institution was not
collecting CareMOSAIC Risk Assessment data before the entrance
into theMedicare Bundled Payment Program. As such, thefindings of
this study could be enhanced by utilizing a separate cohort of pa-
tients. Another limitation to consider is how the knowledge of a
patient's risk score informs clinical practice. A high-risk score would
generate an intervention to reduce the risk of a harmful outcome
occurring. Therefore, if the interventions were successful, the pa-
tient's risk for harm would be reduced, weakening the association
between the risk score and a particular outcome [25].

This study utilized one nurse casemanager who conducted all of
the CareMOSAIC Risk Assessments on the study participants.
Throughout this study, our institution’s procedures dictated that
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the nurse case manager acknowledged when a patient was
considered high risk for needing discharge placement to an acute
care setting. As a result, the nurse case manager was authorized to
intervene and help establish discharge plans for high-risk patients
and help medically optimize patients before surgical intervention.
The nurse case manager's role and any intervening measures may
increase discharge disposition to home postoperatively.

Furthermore, this study evaluated the predictive accuracy of the
CareMOSAIC Risk Assessment instrument. The investigation of
predictive accuracy is not the same as validating the modeling
process for the instrument's development. This study was only able
to externally validate the outcomes associated with utilizing the
CareMOSAIC Risk Assessment instrument. Further research into
the stepwise measures utilized is needed to further develop the
CareMOSAIC Risk Assessment instrument and perform additional
internal validation studies.

One delimitation of this study included utilizing an extensive
data set of reliably collected data extracted from an EMR. The larger,
more diverse sample may provide some additional confidence in
our findings, while the EMR data collection process helped reduce
any transcription errors. This study evaluated a consecutive num-
ber of Medicare patients who underwent primary TJA to reduce the
potential of bias. Furthermore, this study carefully defined inclu-
sion and exclusion criteria, which helped reduce any potential
study bias. By using CareMOSAIC Risk Assessment scores, we were
able to classify patients according to their risk, thereby minimizing
potential misclassification bias in our study participants. In utilizing
one nurse case manager, the CareMOSAIC Risk Assessment's rater
unreliability was minimal across the data for this study. This study
had clearly defined outcome measures that reduced the possibility
of outcome misclassification.
Conclusions

Risk stratification of patients undergoing TJA will continue to
improve as long as quality improvement initiatives are imple-
mented. Clinicians and researchers continue to work to develop
and implement a risk assessment that has good predictive accuracy,
along with easy administration and interpretation abilities.

The present research evaluated the CareMOSAIC Risk Assess-
ment’s predictive accuracy for discharge disposition in Medicare pa-
tientsundergoing total joint replacement. Therearenopeer-reviewed
reports on evaluating the CareMOSAIC Risk Assessment in this
manner. The present results provide outcome estimates for the
CareMOSAIC Risk Assessment, which allow medical professionals to
base patientmanagement decisions on evidence-based findings, and
presumably, improving patient outcomes. This study provides evi-
dence that the CareMOSAIC Risk Assessment effectively predicts the
discharge destination for Medicare patients undergoing THA or TKA.
Conflicts of interest

The authors declare that there are no conflicts of interest. There
was no outside funding or grants for this study.
References

[1] Finkelstein A, Ji Y, Mahoney N, Skinner J. Mandatory Medicare Bundled Pay-
ment Program for lower extremity joint replacement and discharge to insti-
tutional postacute care. JAMA 2018;320(9):892.

[2] Bhandari M, Smith J, Miller LE, Block JE. Clinical and economic burden of
revision knee arthroplasty. Clin Med Insights Arthritis Musculoskelet Disord
2012;5:89.

[3] Rissman CM, Keeney BJ, Ercolano EM, Koenig KM. Predictors of facility
discharge, range of motion, and patient-reported physical function improve-
ment after primary total knee arthroplasty: a prospective cohort analysis.
J Arthroplasty 2016;31(1):36.

[4] Bozic KJ, Ward L, Vail TP, Maze M. Bundled payments in total joint arthro-
plasty: targeting opportunities for quality improvement and cost reduction.
Clin Orthop Relat Res 2014;472(1):188.

[5] Keswani A, Tasi MC, Fields A, et al. Discharge destination after total joint
arthroplasty: an analysis of postdischarge outcomes, placement risk factors,
and recent trends. J Arthroplasty 2016;31(6):1155.

[6] London DA, Vilensky S, O'Rourke C, et al. Discharge disposition after joint
replacement and the potential for cost savings: effect of hospital policies and
surgeons. J Arthroplasty 2016;31(4):743.

[7] Fang C, Lim SJ, Tybor DJ, et al. Factors determining home versus rehabilitation
discharge following primary total joint arthroplasty for patients who live
alone. Geriatrics (Basel) 2020;5(1):7.

[8] Halawi MJ, Vovos TJ, Green CL, et al. Patient expectation is the most important
predictor of discharge destination after primary total joint arthroplasty.
J Arthroplasty 2015;30(4):539.

[9] Inneh IA, Clair AJ, Slover JD, Iorio R. Disparities in discharge destination after
lower extremity joint arthroplasty: analysis of 7924 patients in an urban
setting. J Arthroplasty 2016;31(12):2700.

[10] Slover JD, Mullaly KA, Payne A, Iorio R, Bosco J. What is the best strategy to
minimize after-care costs for total joint arthroplasty in a bundled payment
environment? J Arthroplasty 2016;31(12):2710.

[11] Oldmeadow LB, McBurney H, Robertson VJ. Predicting risk of extended
inpatient rehabilitation after hip or knee arthroplasty. J Arthroplasty
2003;18(6):775.

[12] Slover J, Mullaly K, Karia R, et al. The use of the Risk Assessment and Pre-
diction Tool in surgical patients in a bundled payment program. Int J Surg
2017;38:119.

[13] Hansen VJ, Gromov K, Lebrun LM, et al. Does the risk assessment and pre-
diction tool predict discharge disposition after joint replacement? Clin Orthop
Relat Res 2015;473(2):597.

[14] Workman CA, Davies CC, Lengerich A, Ogle KC, Stark LJ. The development and
testing of the Predictor of Appropriate Discharge Destination among patients
undergoing elective total knee or hip joint arthroplasty. Clin Rehabil
2020;34(2):276.

[15] Manning DW, Edelstein AI, Alvi HM. Risk prediction tools for hip and knee
arthroplasty. J Am Acad Orthop Surg 2016;24(1):19.

[16] Steyerberg EW, Vickers AJ, Cook NR, et al. Assessing the performance of
prediction models: a framework for traditional and novel measures. Epide-
miology 2010;21(1):128.

[17] Moons KG, Kengne AP, Woodward M, et al. Risk prediction models: I.
Development, internal validation, and assessing the incremental value of a
new (bio)marker. Heart 2012;98(9):683.

[18] Hosmer Jr DW, Lemeshow S, Sturdivant RX. Applied logistic regression. 3rd
ed. Hoboken, NJ: Wiley; 2013.

[19] Box GEP, Tidwell PW. Transformation of the independent variables. Techno-
metrics 1962;4(4):531.

[20] Tabachnick BG, Fidell LS. Using multivariate statistics. 6th ed. Harlow, En-
gland: Pearson; 2014.

[21] Treat TA, Viken RJ. Measuring test performance with signal detection theory
techniques. In: Cooper H, Camic PM, Long DL, et al., editors. APA handbook of
research methods in psychology, Vol 1: Foundations, planning, measures, and
psychometrics. Washington, DC: American Psychological Association; 2012.
p. 723.

[22] Dibra FF, Silverberg AJ, Vasilopoulos T, et al. Arthroplasty care redesign im-
pacts the predictive accuracy of the risk assessment and prediction tool.
J Arthroplasty 2019;34(11):2549.

[23] Barsoum WK, Murray TG, Klika AK, et al. Predicting patient discharge dispo-
sition after total joint arthroplasty in the United States. J Arthroplasty
2010;25(6):885.

[24] Stanislaw H, Todorov N. Calculation of signal detection theory measures.
Behav Res Methods Instrum Comput 1999;31(1):137.

[25] Than S, Crabtree A, Moran C. Examination of risk scores to better predict
hospital-related harms. Intern Med J 2019;49(9):1125.

http://refhub.elsevier.com/S2352-3441(21)00232-6/sref1
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref1
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref1
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref2
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref2
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref2
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref3
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref3
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref3
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref3
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref4
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref4
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref4
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref5
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref5
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref5
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref6
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref6
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref6
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref7
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref7
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref7
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref8
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref8
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref8
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref9
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref9
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref9
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref10
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref10
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref10
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref11
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref11
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref11
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref12
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref12
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref12
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref13
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref13
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref13
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref14
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref14
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref14
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref14
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref15
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref15
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref16
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref16
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref16
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref17
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref17
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref17
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref18
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref18
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref19
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref19
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref20
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref20
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref21
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref21
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref21
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref21
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref21
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref22
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref22
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref22
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref23
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref23
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref23
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref24
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref24
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref25
http://refhub.elsevier.com/S2352-3441(21)00232-6/sref25

	The Predictive Accuracy of the CareMOSAIC Risk Assessment for Discharge Disposition in Medicare Bundle Patients After Total ...
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Conflicts of interest
	References


