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Purpose: Robotic-arm assisted total knee arthroplasty (RATKA) has the potential to enhance radiographic, clinical, and patient-
reported outcomes. The purpose of this study was to compare resource utilization, episode-of-care (EOC) costs, readmissions, and
complications of robotic-arm assisted total knee arthroplasty (RATKA) and manual TKA (MTKA).
Methods: TKA procedures were identified from a private payer claims database. RATKA procedures required both a robotic arm-
assisted procedure code and a 60-day pre-operative computed tomography scan. Propensity score matching (1:5 RATKA to MTKA)
was performed, based on various patient characteristics and comorbidities. After matching, 4452 patients (742 RATKA and 3710
MTKA) were analyzed for 90-day and one-year EOC costs, index TKA costs, lengths of stay (LOS), discharge statuses, rehabilitation
utilizations, as well as 90-day and one-year readmissions- and knee-related complications.
Results: RATKA patients had shorter LOS (mean 1.56 versus 1.91 days; p < 0.001), lower index costs by $1762 ($32,747 versus
$34,509; p = 0.003), and higher discharges to home rates (51.8 versus 47.8%; p = 0.049) than MTKA patients. RATKA patients had
less 90-day (68.5 versus 72.0%; p = 0.048) and one-year (70.8 versus 75.0%; p = 0.016) home health utilizations. The RATKA cohort
had lower 90-day ($39,260 versus $41,458; p = 0.001) and one-year ($51,462 versus $54,171; p = 0.011) EOC costs. No significant
differences in readmission and overall complication rates were observed (p > 0.05).
Conclusion: RATKAwas associated with lower index costs and EOC costs at both 90 days and one year. These patients had shorter
LOS, were discharged home more frequently, and used less home health services. Cost savings were demonstrated for RATKA beyond
the 90-day period with an increase in savings between 90-day and one-year time points. These data may be of importance to payers
and providers interested in the longer-term value of RATKA.
Keywords: robotic-arm assisted total knee arthroplasty, cost savings, complications, length of stay

Introduction
The implementation of computed tomography scan (CT)-based 3-dimensional (3-D) modeling operative technologies has
been shown to improve upon many peri-operative metrics when compared to manual total knee arthroplasties (TKAs).1–3

Robotic-arm assisted total knee arthroplasty (RATKA) has the potential to enhance clinical, radiographic, and patient-
reported outcomes.4–6 Many reports suggest that CT-based TKAs have improved accuracy of bone resections, decreased
iatrogenic soft tissue and bone injuries, and increased achievement of desired alignments in all axes.7–14 Although this
improved precision is important for implant positioning and survivorship, there has been continuing interest in the
relationship of this technology to costs.7–13,15–18

Cost comparisons of RATKA versus manual TKA (MTKA) have shown savings over the 90-day episode-of-care
(EOC; all the care that a patient receives during the period of interest) in both Medicare and private payer settings.19–23

Cool and co-authors evaluated 90-day EOC costs associated with RAKTA versus MTKA.19 A total of 519 RATKAs and
2595 MTKAs identified from the Medicare 100% claim files between January 1, 2016 and March 31, 2017 assessed EOC
costs, index procedure costs, lengths-of-stay, discharge locations, and rates of readmission. The study showed that the
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overall EOC costs at 90 days were lower for RATKA by $2391 (p < 0.0001). In addition, even though post-acute services
were used by greater than 90% of patients in both groups, RATKA accrued lower costs due to lower readmission rates
and discharge locations that were more economically beneficial. Pierce et al investigated 90-day EOC costs for RATKA
versus MTKA for patients from a private health plan.20 Similarly, they found that the 90-day mean EOC expenditures
(index plus post-surgery) were $4049 less for RATKA patients ($28,204 versus $32,253, p < 0.0001) when compared to
MTKA. They also demonstrated that the overall post-surgery costs were $1332 less in the RATKA arm versus MTKA
($6857 versus $8189, p = 0.0018). Furthermore, there was significantly less cost for RATKA patients who used
outpatient rehab ($2272 versus $2494, p = 0.0194), and pharmacy ($588 versus $843, p = 0.0057) as compared to
MTKA.

Cost evaluations on this topic beyond the 90-day period, however, to the best of our knowledge, have not been
evaluated. Therefore, our purpose was to evaluate costs from the payer perspective through one year. Specifically, we
assessed: (1) 90-day and one-year EOC costs; (2) costs for the index procedure; (3) discharge statuses for the index
procedure; (4) 90-day and one-year rehabilitation utilizations; (5) 90-day and one-year readmissions; and (6) 90-day and
one-year complications.

Methods
Study Cohorts
Patients who underwent TKA procedures between March 1, 2016 and December 31, 2018 were identified using a private
payer Commercial and Medicare Supplemental claims database (International Business Machines Corporation, Somers,
New York) containing claims between 2016 and 2019. The overall MarketScan dataset covers 273 million lives across
more than 120 contributing employers, 40 health plans, and 350 unique carriers for employees, spouses, and dependents
who are privately insured by employer-sponsored plans. The Commercial database contains data for several million
individuals annually. The Medicare Supplemental portion of the data was based on retirees with employer-paid Medicare
supplemental insurance, which also includes Medicare-covered and employer-paid portions and out-of-pocket expenses.
The dataset also includes claims from the use of inpatient and outpatient services, along with claims for outpatient
prescription drugs, which also include those from mail order prescriptions and specialty pharmacies. Each beneficiary in
the de-identified dataset has a unique enrollee identifier so that the claims for the same individual can be tracked over
time. Real-world evidence research of orthopaedic procedures has been conducted using this dataset.

Both International Classification of Diseases, Tenth Revision, Procedure Coding System (ICD-10-PCS) codes for knee
replacement and Diagnosis Related Group codes (ICD-10-CM) for joint replacement were used to identify index TKA
procedures (see Supplementary Table 1). Patients were stratified into RATKA and MTKA cohorts. RATKA procedures
required both a robotic arm-assisted procedure code and a 60-day pre-operative computed tomography (CT) scan. MTKA
procedures did not include either a pre-operative CTscan or a robotic arm-assisted procedure. Patients were excluded using
the following criteria: 1) under 18 years of age or over 64 years; 2) did not have continuous enrollment for 60 days prior to
index TKA (period used to identify pre-operative CT scans and to evaluate comorbidities); 3) did not have one-year
continuous enrollment post-index TKA (follow-up duration); 4) underwent a second TKA or any total hip arthroplasty
within one year of the index TKA (potential confounding factors); 5) encountered an in-hospital mortality within one year
of the index TKA (follow-up duration); and 6) with coordination of benefits payment for the subject TKA (may contain
incorrect costs for the index TKA). Patients with a second TKA on the contralateral knee or any total hip arthroplasty were
excluded for the study due to the potential confounding effects of linking the knee-related complications to the post-index
TKA rather than the second TKA or a total hip arthroplasty. A total of 93,065 patients who had index TKAwere initially
identified (Figure 1). Then, a total of 35,101 MTKA and 745 RATKA patients met the inclusion and exclusion criteria. As
the distribution of costs is skewed, patients who had outlier costs were further excluded, using a Box-Cox/Yeo-Johnson
power transformation with a lambda value to maximize the log likelihood and thresholds based on Tukey’s “far out”
values.24–26 The transformation results in a distribution that approximates normality, reducing the skew and enabling
exclusion of transformed values considered far out (beyond the outer fence of a box plot, ie, outside Q1–3*IQR to Q3
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+3*IQRwith Q1 being the 25th percentile cost, Q3 being the 75th percentile cost, and IQR being the inter-quartile range). A
total of 742 RTKA and 34,939 MTKA patients were available for propensity score matching.

A nearest neighbor approach was used for propensity score matching with a 1:5 match between RATKA and MTKA
cohorts. Propensity scores were calculated based on age, sex, census division, race, year of surgery, and comorbidities.
The specific comorbidities considered were smoking, coronary artery disease, hypertension, chronic obstructive pulmon-
ary disease (COPD), diabetes, and obesity. As race was not explicitly provided in the dataset, race in terms of variation
was assessed using the relative proportion of non-Caucasian to the overall population of the beneficiary’s location of
residence. Since the zip code for the beneficiary was not provided, the beneficiary’s metropolitan statistical area was used
when available, otherwise the state was used. The selected comorbidities were identified based on the presence of their
respective diagnosis codes (See Supplementary Table 1) within 60 days leading up to the index TKA. After matching,
4452 patients (742 RATKA and 3710 MTKA) were available for analyses.

PS-Matched Patient Characteristics
The majority of the PS-matched patients were women and were 55 to 64 years of age (Supplementary Table 2). Obesity
was diagnosed for 39.2% and 40.9% of the RATKA and MTKA cohorts, respectively, while 7.4% of the RATKA and
6.4% of the MTKA cohorts were smokers. Hypertension, diabetes, coronary artery disease, and chronic obstructive
pulmonary disease diagnosis rates did not appear to be lower for the RATKA cohorts.

Endpoints
Primary endpoints were 90-day and one-year EOC costs, while secondary endpoints included index facility costs, LOS,
discharge statuses, rehabilitation utilizations, as well as 90-day and one-year readmissions- and knee-related complications
as described by the Knee Society.27 Examples included, but were not limited to, bleeding, infection, thromboembolic
disease, vascular injury, instability, stiffness, fracture, dislocation, and implant loosening (see Table 1). Costs were analyzed
from a payer perspective in terms of payments from the health plans to the facilities and healthcare professionals. The 90-
day and one-year costs were cumulative, ie, the 90-day costs would also be incorporated into the one-year costs.

Statistical Analyses
A non-linear mixed model was used to fit a two-part model to estimate the probability of utilization and then conditional
on utilization, to test for differences in index TKA costs and total EOC costs (90-day and one-year periods). A binomial

Figure 1 Patient selection and disposition.
Abbreviations: COB, coordination of benefits; CT, computed tomography; EOC, episode-of-care; LOS, length of stay; MTKA, manual total knee arthroplasty; RA, robotic-
arm assisted; RATKA, robotic-arm assisted total knee arthroplasty; THA, total hip arthroplasty; TKA, total knee arthroplasty.
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Table 1 Complications at 90 Days and One Year Following Robotic-Arm Assisted Total Knee Arthroplasty (RATKA) and Manual TKA (MTKA)

Complication 90-Day Follow-Up One-Year Follow-Up

RATKA (n = 742) MTKA (n = 3710) p-value RATKA (n = 742) MTKA (n = 3710) p-value

% (# of Cases) % (# of Cases) % (# of Cases) % (# of Cases)

Bleeding 0.94 (n = 7) 0.51 (n = 19) 0.182 1.1 (n = 8) 0.65 (n = 24) 0.204

Seroma 0.13 (n = 1) 0.03 (n = 1) 0.306 0.13 (n = 1) 0.16 (n = 6) 1.000

Wound complication 3.4 (n = 25) 3.8 (n = 140) 0.595 6.5 (n = 48) 7.1 (n = 265) 0.512

Instability/malalignment/ patello-femoral dislocation/ tibio-femoral dislocation 0.13 (n = 1) 0.13 (n = 5) 1.000 0.40 (n = 3) 0.65 (n = 24) 0.606

Infection 0.67 (n = 5) 0.94 (n = 35) 0.478 1.2 (n = 9) 1.8 (n = 66) 0.274

Periprosthetic fracture 0 (n = 0) 0.03 (n = 1) 1.000 0 (n = 0) 0.16 (n = 6) 0.598

Osteolysis 0 (n = 0) 0.03 (n = 1) 1.000 0 (n = 0) 0.03 (n = 1) 1.000

Bearing surface wear 0 (n = 0) 0.05 (n = 2) 1.000 0 (n = 0) 0.05 (n = 2) 1.000

Implant loosening 0 (n = 0) 0.11 (n = 4) 1.000 0.27 (n = 2) 0.46 (n = 17) 0.757

Implant fracture/tibial insert dissociation 0.13 (n = 1) 0.03 (n = 1) 0.306 0.13 (n = 1) 0.19 (n = 7) 1.000

Revision 0 (n = 0) 0.13 (n = 5) 0.598 0.27 (n = 2) 0.73 (n = 27) 0.212

Disruption/wound dehiscence 0.94 (n = 7) 0.70 (n = 26) 0.482 1.3 (n = 10) 1.1 (n = 41) 0.571

Embolism 0 (n = 0) 0 (n = 0) N/A 0 (n = 0) 0.03 (n = 1) 1.000

Stiffness 23.7 (n = 176) 23.7 (n = 880) 1.000 26.5 (n = 197) 25.8 (n = 959) 0.691

Neural deficit 0 (n = 0) 0.11 (n = 4) 1.000 0.40 (n = 3) 0.16 (n = 6) 0.178

Vascular injury 0.54 (n = 4) 0.35 (n = 13) 0.509 1.2 (n = 9) 0.97 (n = 36) 0.546

Medial Collateral Ligament injury 0.13 (n = 1) 0.08 (n = 3) 0.518 0.40 (n = 3) 0.59 (n = 22) 0.787

Extensor mechanism disruption 0 (n = 0) 0.08 (n = 3) 1.000 0 (n = 0) 0.11 (n = 4) 1.000

Any of the above complications 27.6 (n = 205) 27.2 (n = 1,010) 0.821 32.6 (n = 242) 32.5 (n = 1,207) 0.966

Abbreviation: N/A, Not applicable.
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distribution was assumed for the likelihood (%) of utilization of a specified service, while the conditional Gamma
distributions and log link functions were used to model costs for those with services. The reported mean costs were
estimated as the product of the expected values from the first (binomial) and second (gamma) models. Index TKA LOS
was compared using non-parametric Wilcoxon tests. Chi-square tests were used to compare complication rates and
discharge statuses between cohorts. When low counts, ie, small samples of complications were found, Fisher’s exact tests
were used instead. All analyses were performed in SAS v9.4 (SAS Institute Inc., Cary NC).

Results
Comparison of 90-Day and One-Year Episode-of-Care Costs
The RATKA cohort had lower overall 90-day EOC costs by $2198 (p = 0.001) and one-year EOC costs by $2709 (p =
0.011) (Table 2).

Lengths of Stay, Costs, and Discharge Statuses for the Index Procedure
RATKA patients had shorter LOS (mean 1.56 versus 1.91 days; p < 0.001), lower index TKA costs by $1762 (p = 0.003),
and higher discharges to home rates (51.8 versus 47.8%; p = 0.049) than MTKA patients.

Table 2 Comparison of Episode-of-Care Costs, Index TKA Costs, Length of Stay, Discharge Statuses, Rehabilitation Utilizations, and
Readmissions

Endpoint RATKA MTKA p-value

EOC costs (mean ± s.d.) [25th; 75th

percentile]

90-day $39,260 ± $17,515

[$28,280; $44,450]

$41,458 ± $18,601

[$29,499; $48,485]

0.001

One-year $51,462 ± $31,658

[$33,061; $58,847]

$54,171 ± $34,042

[$34,589; $62,548]

0.011

Index TKA costs (mean ± s.d.) [25th; 75th percentile] $32,747 ± $14,784

[$23,548; $37,790]

$34,509 ± $15,049

[$24,693; $41,206]

0.003

Index length of stay (mean ± s.d.) 1.56 ± 1.16 days; Median

1 day

1.91 ± 1.77 days; Median

2 days

<0.001

Index discharge to home rate 51.8% 47.8% 0.049

Home health utilization 90-day 68.5% 72.0% 0.048

One-year 70.8% 75.0% 0.016

Home health cost per patient (mean ± s.d.)

[25th; 75th percentile]

90-day $1354 ± $1846 [$613;

$1702]

$1394 ± $3342 [$510;

$1671]

0.550

One-year $1688 ± $3695 [$627;

$1808]

$1672 ± $3831 [$574;

$1871]

0.001

Outpatient rehabilitation utilization 90-day 1.6% 0.9% 0.058

One-year 1.8% 0.9% 0.042

Outpatient rehabilitation cost per patient
(mean ± s.d.) [25th; 75th percentile]

90-day $1865 ± $1428 [$1025;
$2434]

$3151 ± $3191 [$1378;
$4388]

0.051

One-year $2032 ± $1576 [$1017;
$2728]

$3353 ± $3576 [$1380;
$4527]

0.899

Readmission 90-day 14.8% 15.0% 0.895

One-year 23.7% 22.4% 0.432

Abbreviations: EOC, episode-of-care; s.d., standard deviation.
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Analyses of 90-Day and One-Year Rehabilitation Utilizations
RATKA patients had less 90-day (68.5 versus 72.0%; p = 0.048) and one-year (70.8 versus 75.0%; p = 0.016) home
health utilizations. Per-patient home health cost differences were $40 less for RATKA at 90 days (p=0.550) and $16 less
for MTKA at one year (p=0.001). While small, the one-year cost difference showed statistical significance. Although
outpatient rehabilitation was used by a small proportion in both cohorts, RATKA patients had more outpatient
rehabilitation utilization at 90 days (1.6% for RATKA and 0.9% for MTKA; p=0.058) and one year (1.8% for
RATKA and 0.9% for MTKA; p=0.042). The corresponding per-patient costs for outpatient rehabilitation tended to be
lower for RATKA patients by $1286 at 90 days (p = 0.051) and by $1322 at one year (p = 0.899).

Rates of 90-Day and One-Year Readmissions
Readmission rates were similar for both cohorts (14.8% (RATKA) versus 15.0% (MTKA), p = 0.895 at 90 days and
23.7% (RATKA) versus 22.4% (MTKA), p = 0.432 at one year).

Observed Complications at 90 Days and One Year
No significant differences in overall complication rates were observed between the two cohorts (p > 0.05 for all) (see
Table 1).

Discussion
Robotic-arm assisted total knee arthroplasties have demonstrated improved cost outcomes compared with manual total
knee arthroplasties.19–23 However, longer-term studies clearly establishing these cost savings of RATKA are lacking.19–23

Therefore, the objective of the present study was to analyze robotic-arm assisted TKA cost outcomes over one year. We
found that patients who underwent RATKA had a 0.35-day shorter LOS (22%; p < 0.001), lower index costs by $1762 (p
= 0.003), and 4% higher discharges to home rates (p = 0.049) when compared with MTKA patients. RATKA patients
also had 3.5% less 90-day (p = 0.048) and 4.2% less one-year (p = 0.016) home health utilizations. Additionally, the
RATKA cohort had lower 90-day ($2198 difference; p = 0.001) and one-year ($2709 difference; p = 0.011) EOC costs.
Furthermore, the authors believe these results to be inclusive of both common and more complex TKA procedures as the
study cohorts were propensity score matched and there may be an inclination for centers with robotic-arm assisted
technology to use it for more challenging cases due to the enhanced planning, visualization, and placement accuracy to
plan.1,14

In addition to the Cool et al study mentioned above, other studies have similar results in demonstrating decreased costs for
patients who have undergone RATKA, although those studies were limited to 90-day follow-ups.19–23 Pierce and co-authors
evaluated utilization and expenditures in RATKApatients aged 65 years and younger.20 Using a different database, OptumInsight
Inc., they analyzed 357 RATKA and 1785MTKA procedures for 90 days after the index surgery. Their results demonstrated that
the overall post-operative costs were lower by $1332 (p = 0.0018) and the combined 90-day index and post-operative costs were
lower by $4049 (p < 0.0001) in the RATKA group. This may have been due to, at least in part, the decreased lengths of stay of
about a day for the RATKA cohort (1.80 days) compared to the MTKA cohort (2.72 days; p < 0.0001). Similar to the results of
the present study, RATKA patients using home health services were found to use significantly fewer home health days (5.33
versus 6.36 days; p = 0.0037). Additionally, fewer RATKA patients (2.2%) used inpatient services compared to 4.37% ofMTKA
patients (p = 0.0444). Similarly, only 1.68% of RATKA patients used skilled nursing facilities compared to 6.05% of MTKA
patients (p < 0.0001). A study of 30-, 60-, and 90-day EOC costs, post-operative health care utilizations, and readmissions
between RATKA andMTKAwas also conducted byMont and co-investigators.22 They analyzed 519 RATKA and 2595MTKA
patients between January 1, 2016, andMarch 31, 2017 from the 100%Medicare Standard Analytical Files dataset. Similar to the
present study, their results also demonstrated lower EOC costs of $18,568 for RATKAversus $20,960 (p < 0.0001) forMTKA at
90 days and lower 90-day health care utilization for the RATKA cohort as well. Additionally, RATKAwas found to have mean
total episode payment of $17,768 at 30 days (MTKA: $19,899; p < 0.0001) and $18,174 at 60 days (MTKA: $20,492; p <
0.0001), as well as lower 30- and 60-day health care utilization. Furthermore, RATKA patients utilized less skilled nursing
facility (SNF) services and home health visits, thus having lower costs for both at all time points (p < 0.05).22
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However, some recent studies suggest that portions of RATKA may be more expensive or that the cost savings may
not be as substantial.23,28 Cotter and co-authors of a retrospective single-surgeon and single-institution database study
compared 90-day EOC hospital costs for 139 MTKAs and 147 RATKAs performed from April 1, 2015 to September 30,
2017.23 While total intra-operative costs to the hospital were higher when comparing RATKA ($10295.17) to MTKA
($9998.78; p < 0.001), inpatient costs were lower for RATKA ($3893.90) than MTKA ($5587.40; p < 0.001).
Additionally, LOS was shorter and less opioids were prescribed (984 for RATKA and 2240 morphine milligram
equivalents for MTKA, p < 0.0001) for patients who underwent RATKA. Furthermore, EOC costs at 90 days were
approximately $2091 lower than for RATKA (p < 0.001). Although RATKA had higher intra-operative costs, this was
more than offset by greater post-operative cost savings. Shah et al compared the total RATKA EOC costs with MTKA
within Medicare’s bundled payment arrangement.28 A total of 194,020 MTKAs and 4351 RATKAs within Bundled
Payment for Care Improvement analytic file of the 100% Medicare Inpatient Standard Analytic Files were analyzed to
compare risk-adjusted, price-standardized payments for the surgical episode from admission through 90-days post-
discharge as well as outcomes, utilization, and spending between the procedures. The risk-adjusted EOC mean cost
was found to be only $587 less for patients who underwent RATKA after 90 days, but these patients still had shorter
lengths of stay and were discharged less frequently to a post-acute care facility. In their study, they found a lower
incidence of complications in the RATKA population as well. Therefore, these lower cost savings might only apply to
this specific subset while still supporting the other benefits of RATKA.

Limitations
This study had some limitations. Investigations utilizing analyses of data drawn from large databases are retrospective in
nature and can be prone to coding errors. These errors may lead to both over- and under-reporting of data. Also, there is
the potential for selection bias when surgeons decide to perform either an RATKA or MTKA on a specific patient.
However, we did propensity scoring with a 1:5 match between RATKA and MTKA cohorts based on age, sex, census
division, race, year of surgery, and comorbidities in an attempt to minimize possible confounders. Moreover, the
propensity-matched RATKA cohort did not have fewer comorbidities than the MTKA cohort. Instead, the number of
health conditions (ie, coronary artery disease, COPD, smoking, and diabetes) appeared to be higher for the RATKA
cohort. The comorbidities that were considered in the present study were based on high-cost comorbidities utilized in
other cost analyses of RATKA and MTKA.19–21 Other comorbidities may have an effect but were not evaluated in the
present study. The hospital ID was not sufficiently coded to be included as a covariate in the model and may cause
potential confounding due to differing hospital characteristics of those performing each type of surgery. Furthermore, one
would assume that if there was a bias between the cohorts, more complex deformities might be more likely to undergo a
robotic-arm assisted TKA with 3-dimensional CT-scan planning. The use of this specific database allowed for the
analyses of the costs of RATKA to the payer, but it did not factor in the initial equipment investments or the required pre-
operative CT-scan. Although one-year RATKA versus manual TKA cost outcomes are promising, longer-term analyses
can be tested in future studies. Patients with a second TKA on the contralateral knee or any total hip arthroplasty were
excluded for the study due to the potential confounding effects of the linking the knee-related complications to the post-
index TKA rather than the second TKA or a total hip arthroplasty. It is unclear if inclusion of these patients would have
affected the findings. There were trends in lower rates of certain complications (eg, instability, infection, implant
loosening, and revision) for the RATKA cohort, but the study may not have been sufficiently powered to show any
statistical differences. However, overall the authors believe that this study provides useful information that was
performed on a large-scale real-world dataset on this topic, which can be used as a reference for further work. The
statistical approach for the present cost analysis involves the use of a two-part model to model zeros and the gamma
distribution to address skewness in the data and limit the mean costs to be positive values. Although hurdle models,
which are also two-part models,29–31 may be considered an alternative approach, it is unclear to what extent using
alternative approaches would affect the findings.
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Conclusions
RATKA was associated with lower index costs and EOC costs at both 90 days and one year. These patients were more
likely to have shorter LOS, be discharged home, and use less home health services. To the best of our knowledge, this is
the first study to demonstrate cost savings for RATKA beyond the 90-day period and an increase in savings between 90-
day and one-year time points. These data may be of importance to payers and providers interested in the longer-term
value of RATKA.
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