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Abstract

Background: Bundled payments for total joint arthroplasty (TJA) were instituted by the Centers for Medicare and Medicaid
Services (CMS) to reimburse providers a lump sum for operative and 90-day postoperative costs. Gaining a better
understanding of which TJA patients are at risk for early return to the operating room (OR) is critical in preoperative
optimization of those with modifiable risks, which could improve bundled-payment performance. Purpose: We sought to
identify the most common reason for readmissions, as well as patient characteristics and costs, associated with early return
to the OR among TJA patients. Methods: This was a retrospective cohort study of Medicare patients who had undergone
primary total hip or knee arthroplasty (THA or TKA) between 2013 and 2018 at a tertiary care hospital. We used the
CMS research identifiable files database to identify the most common reasons for readmissions and revisions within 90
days of surgery. Total billing claims were used to determine the cost of early readmissions and revisions. Multivariate
regression analysis was used to determine the characteristics associated with early readmission or revision. Results: Out
of 20 166 primary TJA patients identified, we found 1349 readmissions (5.6%) and 163 (0.8%) revisions within 90 days of
surgery. Dislocation was the most common indication for readmission, and periprosthetic joint infection was the most
common indication for revision. Early return to the OR was associated with a mean $105,988 (standard deviation [SD] =
$76,865) in CMS claims for the inpatient stay. Factors associated with a higher risk of early reoperation were female sex,
THA, longer length of stay, and discharge to long-term care facility. Conclusions: This retrospective cohort study found that
early return to the OR after TJA increased overall 90-day costs by 260%, suggesting that early reoperation might have a
significant impact on bundled payments. Further study is warranted.
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Introduction concerns of patient “cherry picking” and uneven revenue
sharing [2,17,31,35].

To improve CJR performance, providers have under-
taken multiple strategies toward decreasing costs. These
include a shift to outpatient TJA, shorter inpatient stays
when required, and a higher percentage of patients being

Total joint arthroplasty (TJA) is among the most common
orthopedic procedures performed in the United States
[36,37]. In 2013, the Centers for Medicare and Medicaid
Services (CMS) instituted bundled payments for TJIAs via
the voluntary Bundled Payments for Care Improvement
(BPCI) initiative to try to curtail costs. This program was
expanded in 2016 with the mandatory Comprehensive Care
for Joint Replacement (CJR) initiative [6], which gave par-
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discharged home after an inpatient stay [3,12,13,20,29,40].
A more difficult factor to control, however, is avoiding
carly readmissions and reoperations. These “bundle-buster”
patients who require early revision can significantly affect
bundled payments; an unplanned readmission after TJA can
increase episode-of-care costs from $5000 to $200 000 [24].

Much of the existing literature, however, has studied
only all-cause readmission (medical and surgical), and few
have studied the costs associated with an early return to the
operating room (OR) [7,19,27,31]. Given that modifiable
and non-modifiable risk factors have been associated with
carly revision after TJA, developing a better understanding
of which patients are at high risk for early return to the OR
can be critical in preoperative risk stratification and optimi-
zation for those with modifiable risks [18,30]. This could
ultimately improve bundled payments.

The purpose of this study was to identify the causes and
cost of early readmissions and reoperations within 90 days
after TJA. Second, we aimed to identify the characteristics
of patients who returned to the OR. By identifying the
causes and costs of early readmissions and reoperations, we
hoped to identify the subset of high-risk patients who may
benefit from interventions that can improve patient out-
comes and bundled payments.

Methods

Following institutional review board approval, we con-
ducted a retrospective cohort study of patients who under-
went primary hip or knee arthroplasty covered by Medicare
at a single tertiary care hospital, which has more than 20
fellowship-trained arthroplasty surgeons, from 2013 to
2018. The CMS provided research identifiable files (RIFs)
for this cohort. Our study focused on 1 institution in order
to use that institution’s electronic medical records to verify
the CMS claims.

The data set included demographic and surgical details
for each patient, including diagnoses and costs associated
with each claim. In addition, each Medicare beneficiary is
assigned a unique encrypted beneficiary ID to identify the
initial TJA admission and any subsequent readmissions. Of
note, the tertiary care hospital does not have its own emer-
gency department. Readmitted patients can receive care
elsewhere or be transferred to the surgical hospital once tri-
aged. However, all readmissions were captured by this data
set regardless of location.

All Medicare patients who obtained an elective, primary
total hip or knee arthroplasty (THA or TKA) during the
study period were included in the study. Exclusion criteria
were a revision surgery as the first index procedure, cases
labeled as emergent or urgent, hemiarthroplasty, hip resur-
facing, and unicompartmental TKA.

Medicare beneficiaries admitted under Diagnosis Related
Group (DRG) 469 (major TJA with major complication and

comorbidity) and 470 (Major TJA without major complica-
tion and comorbidity) were included in the cohort. Next, this
was filtered to ensure only the inclusion of primary TJAs.
International Classification of Diseases, 9th edition (ICD-9),
Clinical Modification codes 81.51 and 81.54 were used to
identify primary THA and TKA, respectively. The ICD-10
codes OSR9, 0SRB, 0SRC, 0SRD were also used to identify
primary THA and TKA. Next, we filtered for elective proce-
dures. Finally, we screened by provider number to make sure
that all index procedures were done at our institution. This
resulted in 20 166 primary TJA (11027 TKA and 9139 THA)
claims during the 6-year study period.

The following demographic characteristics were avail-
able for each patient in the cohort: age, sex, race, and state
of residence. In addition, we used the DRG codes 469 and
470 to indicate the presence of a major comorbidity. The
DRG code 469 is strictly monitored by CMS and is defined
as a major comorbidity such as acute heart, renal, or respira-
tory failure [4,32]. Other comorbidities such as hyperten-
sion or dementia are not captured by this designation.

Of the 20 166 primary TJAs performed during the study
period (Table 1), there were 11027 TKAs and 9139 THAs
performed on 17550 patients. There were 2800 (14%)
primary TJA cases billed as including either robotic assis-
tance or computer navigation. The average patient age was
73 years (standard deviation [SD] = 7), and the majority
were women (65%) and White (89%). In addition, the vast
majority were classified as having no major comorbidities
(99%) such as acute heart, renal, or respiratory failure; 70%
of patients lived in the same state as the operative hospital.

The average length of hospital stay was 3 (1.46) days
after THA and 3.6 (1.56) days after TKA. Most patients
were discharged home (62%), whereas 18% went to an
inpatient rehabilitation center and 20% went to a long-term
care facility. The mean cost for TJA and subsequent hospital
stay was $66300 (SD = $14657). The average total claim
amount for encounters with robotics/computer navigation
was $69971 (SD = $14939) and $65708 (SD = $14525)
without.

Additional variables available in the data set included
claim start and end dates, discharge location, provider loca-
tion, total claim cost, ICD-9/10 codes for primary diagno-
sis, and procedures. The claim dates were used to determine
the date of surgery, as well as the length of hospital stay. In
addition, all claims were separated based on whether they
occurred before or after the CJR initiative implementation
(in 2016). Finally, discharge location was organized into 3
groups: home (home and home health services), inpatient
rehabilitation center (short term inpatient care and inpatient
rehabilitation center), and long-term care facility (skilled
nursing facility, hospice, and long-term care hospital).

Employing the unique beneficiary ID, we defined read-
missions as the presence of new hospital claim records
within 90 days of the patient’s discharge. Rehabilitation
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Table I. Primary TJA patient demographics.

THA

TKA

Total
N 20166
Average age (SD) 73.1 (7)
Sex (%) 65% Women, 35% men
Race (%) 89% White, 5% Black, 4% unknown,

1% Asian, 1% Hispanic

70% In-state, 30% out-of-state

99% no comorbidities, 1% major
comorbidity

3.31 (1.55)

62% Home, 20% long-term
care facility, 18% inpatient
rehabilitation

$66300 (14657)

In-state (%)
Comorbidities (%)

LOS (SD)
Discharge location (%)

Mean cost (SD)

9139

73 (7.5)

63% VWomen, 37% men

91% White, 4% Black, 4%
unknown, 0.5% Asian, 0.5%
Hispanic

70% In-state, 30% out-of-state

99% no comorbidities, |% major
comorbidity

3 (1.46)

70% Home, 17% long-term
care facility, 13% inpatient
rehabilitation

$65703 (13864)

11027

73.2 (6.7)

67% VWomen, 33% men

87% White, 6% Black, 4%
unknown, 2% Asian, 1%
Hispanic

70% in-state, 30% out-of-state

99% no comorbidities, | % major
comorbidity

3.6 (1.56)

55% Home, 22% long-term
care facility, 23% inpatient
rehabilitation

$66794 (15266)

LOS, length of stay, THA total hip arthroplasty, TKA total knee arthroplasty.

service claims (ICD-9 code V57, ICD-10 Z51), as well as
any other codes for “Aftercare following joint replacement
surgery” (ICD-10 Z47.1), were excluded. Postoperative
claims associated with a diagnosis of osteoarthritis (ICD-9
715, ICD-10 M16, M17) were all excluded as well. Next,
the most common reasons for readmission and associated
costs were delineated using their principal diagnosis code
and claim cost total.

All-cause return to the OR was identified by reviewing
new inpatient claims within the 90-day period. Revisions
were identified using DRG codes 466, 467, and 468. The
indication for reoperation was identified using ICD-9/10
codes. In addition, all revision cases were verified by cross-
checking each patient in the institutional electronic medical
records. Finally, the average claim cost of each reoperation
and subsequent inpatient stay was calculated, defining the
economic burden of early return to the OR.

Statistical Analysis

Descriptive statistics, such as means with ranges and fre-
quency statistics, were used to report baseline characteris-
tics. Initial univariate testing was performed for each
covariate against the primary outcomes (readmission and
revision). Continuous variables (age and length of stay)
were evaluated using a Wilcoxon-rank sum test. Categorical
variables (sex, presence of a major comorbidity, race, dis-
charge location) were evaluated using a ? test. All covari-
ates were advanced into the multivariate logistic regression
models. Separate models were run for readmissions and
revisions as the primary outcome. Statistically significant
association with the primary outcome was considered for
P < .05 in the multivariate model. All analyses were
performed using SAS Software version 9.4 (SAS Institute,
Cary, North Carolina).

Table 2. Inpatient claims at <90 days of discharge.

Total Average cost per claim (SD)

Overall claims 1349 $62173 (61286)
Most common claims

| Dislocation 72 $53203 (37571)

2 PJl 64 $132676 (102644)

3 PPFx 64 $100845 (61233)

4 Cellulitis 42 $28478 (17 328)

5 Afib 40 $45651 (40215)

THA claims 631 $63452 (573337)

Most common THA claims

|. Dislocation 71 $52526 (37394)
2. PPFx 59 $103940 (62 127)
3.PJl 24 $123068 (71 192)
4. Sepsis 17 $95322 (50905)
5. Cellulitis 14 $30599 (11628)
TKA claims 718 $61 050 (64536)
Most common TKA claims
1. PJI 40 $138442 (117779)
2. Afib 31 $41680 (34797)
3. Cellulitis 28 $27418 (19480)
4. Sepsis 22 $70494 (51860)
5. UTI 14 $29075 (13889)

Afib atrial fibrillation, PJI prosthetic joint infection, PPFx periprosthetic
fracture, SD standard deviation, THA total hip arthroplasty, TKA total
knee arthroplasty, UTI urinary tract infection.

Results

Readmissions within 90 days of the 20166 TJA claims
included 1349 additional inpatient claims (Table 2). These
claims were recorded for 1120 distinct patients, resulting in
a5.6% (1120/20 166) 90-day readmission rate for both THA
and TKA. The average length of stay for these readmissions
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Table 3. Revisions within 90 days.

Total THA TKA
N 163 124 39
Average age (SD) 74.8 (10.3) 74.9 (11.5) 74.4 (5.5)
Sex (%) 73.6% Women, 26.4% men 75.4% Women, 24.6% men 67.8% Women, 32.2% men

69% In-state, 31 % out-of-state

77% major comorbidity, 23%
no comorbidity

93% White, 4% Black, 2%
other, % Hispanic

In-state (%)
Comorbidities (%)

Race (%)

Admission diagnosis

Periprosthetic joint infection 55
Periprosthetic fracture 52
Dislocation 42
Loosening 12

Arthrofibrosis |
Limb length discrepancy |
Mean time to readmission (SD) 39.0 (23.4)
Mean LOS (SD) 7.7 (7.6)
Discharge disposition (%) 56% home, 25% long-term
care facility, 19% inpatient
rehabilitation

Mean cost (SD) $105988 (76 865)

67% In-state, 33% out-of-state

77% major comorbidity, 23%
no comorbidity

95% White, 4% Black, 1%

74% In-state, 26% out-of-state

78% major comorbidity, 22%
no comorbidity

87% White, 5% Black, 3%

other Hispanic, 3% other, 2% Asian

23 32

49 3

41 I

10 2

0 |

| 0

37.8 (24.5) 41.1 (19.6)

6.5 (5.3) 114 (11.7)

52% home, 21 % inpatient
rehabilitation, 27% long-term
care facility

$94495 (57967)

69% home, 21% long-term
care facility, 10% inpatient
rehabilitation

$142530 (111846)

THA total hip arthroplasty, TKA total knee arthroplasty.

was 5.8 (5.3) days, and the average claim cost was $62 173
(SD = $61,286). The mean time to readmission was 34
(SD = 26) days. Twenty-two percent of patients were read-
mitted to the location of their index surgery; 13% were
admitted to the general hospital next door. All other hospital
percentages were less than 4%. Overall, it appears that
patients were readmitted to hospitals closer to their home.

The most common readmission claim diagnoses in the
overall TJA cohort were dislocations (5%), periprosthetic
joint infection (PJI) (5%), periprosthetic fracture (PPFx)
(5%, cellulitis (3%), and atrial fibrillation (3%) (Table 2).
There were 72 dislocations (71 THA, 1 patellar dislocation
after TKA) within 90 days of surgery that resulted in an
inpatient stay, with an average cost of $53203 (SD =
$37571). The rate of THA dislocation that resulted in a
readmission was 0.8% (71/9139); 58% (42/72) of admis-
sions for dislocations included a return to the OR.

There were 64 inpatient stays for PJI, resulting in an
overall PJI rate of 0.3% (64/20166). Periprosthetic joint
infection was more common after TKA than THA (0.4% vs
0.3% incidence rate). Admission for PJI was on average
11.2 (9.9) days long and cost $132676 (102644); 86%
(55/64) of PJI admissions included a return to the OR.

There were 64 inpatient stays for a PPFx, occurring more
commonly after THA than TKA (0.6% vs 0.05%).
Admissions for PPFx were on average 7.6 (6.1) days long
and cost $100845 (61233); 81% (52/64) of PPFx admis-
sions included a return to the OR. Of the 52/59 THA PPFx

with available X-rays, 71% were classified as Vancouver
B2, 15% were AG/L 6% were B1, 4% were C, 2% were B3,
and 2% were acetabular fractures. All PPFxs occurred in
uncemented THA.

There were 42 inpatient stays for cellulitis and 40 inpa-
tient stays for atrial fibrillation. They both occurred more
commonly after TKA than THA (0.3% incidence rate). The
average cost of admission was $28478 for cellulitis and
$45651 for atrial fibrillation.

There were 163 revisions within 90 days of primary
TJA, for an overall 0.8% revision rate (Table 3). Seventy-
six percent of revisions occurred after THA, resulting in a
THA revision rate of 1.4% and a TKA revision rate of 0.4%.
Revisions were most common in White women, and 77% of
patients who required a revision had a major comorbidity,
such as acute heart, renal, or respiratory failure. The most
common reasons for revision were PJI (34%), PPFx (32%),
dislocation (26%), loosening (7%), arthrofibrosis (1%), and
limb length discrepancy (1%). For PJIs, 75% (41/55) were
treated with debridement, antibiotics, and implant retention
(DAIR), and 22% were treated with debridement and
implant removal and antibiotic spacer placement, as part of
a 2-stage revision; 3% were treated with 1-stage revision.
The mean time to readmission for all 163 patients who
required a revision was 39 (23.4) days. The average length
of stay was 7.7 (7.6) days, and a majority of patients were
discharged home (56%). The mean cost of the revision
claim was $105988 (SD $76 865).
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Table 4. Multivariate analysis.

QOdds ratio estimates

Effect OR 95% Cl P

Outcome: readmission (0, )
Age 1.02 1.01 .03 <.0001
LOS 1.12 1.08 .16 <.0001
Procedure 1.13 099 .27 .065
Discharge location 1.39 1.29 1.5  <.000l
Presence of comorbidity 0.3 022 04 <.0001
Sex 064 057 0.73 <.0001
Race 097 086 1.08 .54
Before 2016 1.08 095 122 23
In-state 094 082 1.08 .388

Outcome: revision (0,1)
Age 099 097 1.02 7316
LOS 1.15 1.07  1.23 .0002
Procedure 4.108 279 6.04 <.000l
Discharge location 1.3 1.06 1.59 0113
Presence of comorbidity 0825 0.29 23l 714
Sex 0.7 05 098 .038
Race I 073 1.38 .998
Before 2016 076 055 1.06 .107
In-state 1.01 07 145 97

Cl confidence interval, LOS length of stay, OR odds ratio.

Univariate analysis of readmissions demonstrated a sig-
nificant association between readmission and the following
covariates: length of stay, age, sex, discharge location, pres-
ence of a major comorbidity, and date of surgery before or
after policy change (CJR initiative implementation in 2016).
Race, whether the patient lived in-state, and type of surgery
(THA vs TKA) were not associated with readmission. All
covariates were advanced into the multivariate logistic
regression. The regression demonstrated an association
between readmission and older age, longer length of stay,
discharge to a care facility, presence of a major comorbid-
ity, and female sex (Table 4).

Univariate analysis of revisions demonstrated a signifi-
cant association between procedure type and revision, as
revisions were more common after THA than TKA. There
was also an association with the presence of a major comor-
bidity. Univariate analysis did not demonstrate an associa-
tion with revision and the following variables: age, sex,
length of stay, discharge location, in-state address, or date
of surgery before or after policy change. All covariates were
advanced into the multivariate logistic regression. The
regression demonstrated an association between revision
and length of stay, procedure type, sex, and discharge loca-
tion. Specifically, a longer length of stay, THA, female sex,
and discharge to long-term care facility were associated
with a revision procedure (Table 4).

Discussion

Because of the introduction of bundled-payment structures,
all-cause hospital readmission is an important marker of care
quality for TJA, resulting in a research push to identify
patients at risk of early readmissions. Nonetheless, there has
been a paucity of data on early reoperations and their associ-
ated costs. We sought to better understand the causes and
costs of 90-day readmissions and revisions after TJA at 1
institution. We found that dislocation was the most common
indication for readmission and periprosthetic joint infection
was the most common indication for revision. Also, we iden-
tified patient demographics and postoperative variables asso-
ciated with both early readmission and revision. Finally, we
calculated costs associated with early return to the hospital.

There are several limitations of this study. We relied on the
accuracy of the ICD-CM codes that were reported to CMS to
determine the cause of readmission. Previous studies have
noted the high frequency of misclassifications in this database
[8,25]. However, for the cohort of revision patients, we miti-
gated this potential cause of error by cross-checking the
patient’s electronic medical record to confirm the diagnosis
and revision procedure. In addition, we denoted the presence
of a major comorbidity as defined by Medicare’s DRG 469
code (Centers for Medicare and Medicaid services), resulting
in a likely underestimation given the lack of medical history
details. Also, we included patients from only 1 institution,
limiting the generalizability of the findings; readmission rate
and cost burden may differ at other hospitals. Moreover, we
reported hospital claim data submitted to CMS and not CMS
reimbursements, as these data were not available. However,
previous studies have illustrated the difference between hospi-
tal charges for a primary TJA (§49726 in the Northeast) and
CMS reimbursements ($12844) [23]. Furthermore, we
included no data on non-Medicare patients and therefore
could not compare how insurance level may affect readmis-
sion and revision rates. Finally, we did not include outpatient
costs, such as physical therapy visits, thus likely underesti-
mating the overall cost burden.

Our study identified a readmission rate of 5.6% after both
THA and TKA. The cost of readmissions after THA aver-
aged $63452 (57337), whereas the cost of readmissions
after TKA averaged $61050 (64536). The most common
reasons for readmissions were dislocations ($52526) for
THA and infection ($138442) for TKA. Clair et al [7] con-
ducted a retrospective review of CMS claims at 1 institution
and reported a 90-day readmission rate of 10% and at an
average cost of $36 038 (range = $6375 to $60 137) for THA
and $38953 (range = $4790 to $104794) for TKA, with
infection as the most common reason. Other studies have
reported 90-day readmission rates ranging from 0% to 32%,
with the average near 10% [16,21,22,34]. Our readmission
rate (5.6%) and average cost ($62 173) fall within this range.
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Previous studies have also reported dislocation as the
most common reason for readmission after THA [16].
Mantel et al [26] analyzed Medicare claims for dislocations
after THA and reported a 1.7% 1-year dislocation rate with
an increase in costs of $20000. Other literature has reported
an increase in costs ranging from 19% to 342% [11,14,33].
Our dislocation rate of 0.8% is lower than that reported in
the literature, although we report a shorter 90-day window
as opposed to a l-year timeline. In addition, our higher
readmission cost ($53203) reflects that 58% of claims
include a return to the OR.

We found the most common reason for TKA readmis-
sion was infection, at an average cost of $138442 (117779)
and an overall infection rate of 0.3%. This aligns with Curtis
et al [9], who used a national database to report a 30-day
readmission rate after TKA of 3.2%, with the most common
reason listed as surgical site infection. Cost analysis of
90-day readmissions after TKA is limited, but Chan et al [5]
utilized state inpatient data to report an average 90-day
readmission cost of $9335 ($10527), compared with our
average overall cost of $61050. However, they did not
specify the reasons for readmission. Focusing on the eco-
nomic burden of PJI, Premkumar et al [28] estimated a
$28161 (27262-29061) mean cost per case of infected
TKA in 2018. These values are drastically lower than our
results, which suggest a difference in cost calculation or
sample size effect (they identified 18000 infected TKA
cases in a national database). They do not report how many
of those cases required a costly reoperation, whereas we
found 86% of patients returned to the OR.

Multiple studies have identified predictors for readmis-
sion after both THA and TKA, including insurance status
(higher in Medicare patients), discharge disposition, and
sex (higher in men) [1,10,22,38,39]. In our cohort of
Medicare patients, older age, longer length of stay, dis-
charge to a care facility, presence of a major comorbidity,
and female sex were associated with readmission. Most of
these factors may indicate a higher level of frailty, which
may place patients at risk of postoperative complications.

There is limited literature on early reoperations after
THA or TKA. George et al reported reoperation rates of
2.1% 30-day for THA and 1.2% for TKA, specifying that
THA patients had a higher rate of reoperation but not the
indications or costs [15]. To our knowledge, our study is the
first to delineate the rate, cause, and cost of early reopera-
tions after TJA. Although our overall 90-day reoperation
rate was lower (0.8%), the average additional cost, $105998
(76 865), increased the overall 90-day cost by 260%. These
rare but costly events were mostly due to PJI and PPFx
occurring within a month of surgery. In our cohort, factors
associated with a higher risk of reoperation were female sex,
THA, longer length of stay, and discharge to long-term care
facility.

In conclusion, this study highlights the cost burden of
readmissions and reoperations within 90 days after TJA in a
Medicare population, substantiating prior work on readmis-
sions and adding new information on reoperations.
Delineating the causes and costs of readmissions and reop-
erations can help surgeons and institutions identify patients
who may be at high risk and improve the quality of care
delivered. We found that female sex, longer length of stay,
and discharge to a care facility were associated with readmis-
sion and reoperation. Further research on the Medicare popu-
lation, which has a higher risk of readmission, can delve into
prolonged length of stay and discharge to a facility and
whether risk factors can be modified. Also needed are studies
on postoperative emergency department visits to determine
how often patients present, why, and how they are triaged.

CME Credit

Please go to HSS eAcademy at https://bit.ly/HSSJICME to find all
journal-related CME, complete the online post-test, and claim
CME credit.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: J.A.R., MD, reports relationships with Conformis,
Exactech, Medacta, and Smith & Nephew. The other authors
declared no potential conflicts of interest.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Human/Animal Rights

All procedures followed were in accordance with the ethical stan-
dards of the responsible committee on human experimentation
(institutional and national) and with the Helsinki Declaration of
1975, as revised in 2013.

Informed Consent

Informed consent was waived from all patients included in this
study.

Level of Evidence

Level 1V, therapeutic and economic analysis.

Required Author Forms

Disclosure forms provided by the authors are available with the
online version of this article as supplemental material.

ORCID iDs
Jennifer Bido https://orcid.org/0000-0001-8480-7677

Ricardo Torres https://orcid.org/0000-0002-8043-4057


https://bit.ly/HSSJCME
https://orcid.org/0000-0001-8480-7677
https://orcid.org/0000-0002-8043-4057

Bido et al

193

Supplemental Material

Supplemental material for this article is available online.

References

1.

10.

11.

12.

Basques BA, Bell JA, Sershon RA, Della Valle CJ. The influ-
ence of patient gender on morbidity following total hip or
total knee arthroplasty. J Arthroplasty. 2018;33(2):345-349.
https://doi.org/10.1016/j.arth.2017.09.014.

. Bernstein DN, Reitblat C, van de Graaf VA, et al. Is there an

association between bundled payments and “cherry picking”
and “lemon dropping” in orthopaedic surgery? a systematic
review. Clin Orthop Relat Res. 2021;479:2430-2443. https://
doi.org/10.1097/CORR.0000000000001792.

. Bozic KJ, Ong K, Lau E, et al. Estimating risk in Medicare

patients with THA: an electronic risk calculator for peripros-
thetic joint infection and mortality. Clin Orthop Relat Res.
2013;471:574-583. https://doi.org/10.1007/s11999-012-2605-z.

. Centers for Medicare and Medicaid services. Part 1: list of CC

and major CC codes. ICD-10-CM/PCS MS-DRG v37.0 defi-
nitions manual. Available at: https://www.cms.gov/icd10m/
version37-fullcode-cms/fullcode cms/P0373.html. Published
September 12, 2019. Accessed June 7, 2023.

. Chan MYH, Malik SA, Hallstrom BR, Hughes RE. Factors

affecting readmission cost after primary total knee arthroplasty
in Michigan. J Arthroplasty. 2016;31(6):1179-1182. https://
doi.org/10.1016/j.arth.2015.11.037. Erratum in: J Arthroplasty.
2017;32(4):1407.

. Cizmic Z, Novikov D, Feng J, lorio R, Meftah M. Alternative

payment models in total joint arthroplasty under the afford-
able care act. JBJS Rev. 2019;7:e4. https://doi.org/10.2106/
JBJS.RVW.18.00061.

. Clair AJ, Evangelista PJ, Lajam CM, Slover JD, Bosco JA,

Iorio R. Cost analysis of total joint arthroplasty readmis-
sions in a bundled payment care improvement initiative. J
Arthroplasty. 2016;31:1862—1865. https://doi.org/10.1016/].
arth.2016.02.029.

. Clair AJ, Inneh IA, Torio R, et al. Can administrative data

be used to analyze complications following total joint
arthroplasty? J Arthroplasty. 2015;30(9):17-20. https://doi.
org/10.1016/j.arth.2015.01.060.

. Curtis GL, Jawad M, Samuel LT, George J, Higuera-Rueda

CA, Little BE, Darwiche HF. Incidence, causes, and tim-
ing of 30-day readmission following total knee arthro-
plasty. J Arthroplasty. 2019;34(11):2632-2636. https://doi.
org/10.1016/j.arth.2019.06.009.

Dailey EA, Cizik A, Kasten J, Chapman JR, Lee MJ. Risk
factors for readmission of orthopaedic surgical patients. J
Bone Joint Surg Am. 2013;95(11):1012-1019. https://doi.
org/10.2106/JBJS.K.01569.

de Palma L, Procaccini R, Soccetti A, Marinelli M. Hospital
cost of treating early dislocation following hip arthroplasty.
Hip Int. 2012;22(1):62—67.

Finch DJ, Pellegrini VD, Franklin PD, et al. The effects of
bundled payment programs for hip and knee arthroplasty on
patient-reported outcomes. J Arthroplasty. 2020;35:918-925.
e7. https://doi.org/10.1016/j.arth.2019.11.028.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gabor JA, Singh V, Schwarzkopf R, Davidovitch RI. Similar
outcomes after hospital-based same-day discharge vs inpa-
tient total hip arthroplasty. Arthroplast Today. 2020;6:451—
456. https://doi.org/10.1016/j.artd.2020.05.008.

Galvain T, Mantel J, Kakade O, Board TN. Treatment pat-
terns and clinical and economic burden of hip dislocation fol-
lowing primary total hip arthroplasty in England. Bone Joint
J.2022;104-B(7):811-819.

George J, Chughtai M, Khlopas A, Klika AK, Barsoum
WK, Higuera CA, Mont MA. Readmission, reoperation,
and complications: total hip vs total knee arthroplasty. J
Arthroplasty. 2018;33(3):655-660. https://doi.org/10.1016/j.
arth.2017.09.048.

lTorio R, Clair AJ, Inneh IA, Slover JD, Bosco JA, Zuckerman
JD. Early results of Medicare’s bundled payment initia-
tive for a 90-day total joint arthroplasty episode of care. J
Arthroplasty. 2016;31(2):343-350. https://doi.org/10.1016/j.
arth.2015.09.004.

Kamath AF, Courtney PM, Bozic KJ, Mehta S, Parsley BS,
Froimson MI. Bundled payment in total joint care: survey of
AAHKS membership attitudes and experience with alterna-
tive payment models. J Arthroplasty. 2015;30:2045-2056.
https://doi.org/10.1016/j.arth.2015.05.036.

Kee JR, Mears SC, Edwards PK, Barnes CL. Modifiable
risk factors are common in early revision hip and knee
arthroplasty. J Arthroplast. 2017;32:3689-3692. https://doi.
org/10.1016/j.arth.2017.07.005.

Korvink M, Hung CW, Wong PK, Martin J, Halawi MJ.
Development of a novel prospective model to predict
unplanned 90-day readmissions after total hip arthroplasty.
J Arthroplast. 2023;38:124—128. https://doi.org/10.1016/].
arth.2022.07.017.

Kumar A, Roy I, Warren M, et al. Impact of hospital-based
rehabilitation services on discharge to the community by value-
based payment programs after joint replacement surgery. Phys
Ther. 2022;102:pzab313. https://doi.org/10.1093/ptj/pzab313.
Kurtz SM, Lau EC, Ong KL, Adler EM, Kolisek FR,
Manley MT. Which clinical and patient factors influence
the national economic burden of hospital readmissions after
total joint arthroplasty? Clin Orthop Relat Res. 2017;475(12):
2926-2937. https://doi.org/10.1007/s11999-017-5244-6.
Kurtz SM, Lau EC, Ong KL, Adler EM, Kolisek FR, Manley
MT. Which hospital and clinical factors drive 30- and
90-day readmission after TKA? J Arthroplasty. 2016;31(10):
2099-2107. https://doi.org/10.1016/j.arth.2016.03.045.
Lopez CD, Boddapati V, Neuwirth AL, Shah RP, Cooper HJ,
Geller JA. Hospital and surgeon medicare reimbursement
trends for total joint arthroplasty. Arthroplast Today.2020;6(3):
437-444. https://doi.org/10.1016/j.artd.2020.04.013.

Luzzi AJ, Fleischman AN, Matthews CN, Crizer MP,
Wilsman J, Parvizi J. The “bundle busters”: incidence and
costs of postacute complications following total joint arthro-
plasty. J Arthroplasty. 2018;33:2734-2739. https://doi.
org/10.1016/j.arth.2018.05.015.

Malay S, Shauver MJ, Chung KC. Applicability of large
databases in outcomes research. J Hand Surg. 2012;37(7):
1437-1446. https://doi.org/10.1016/j.jhsa.2012.03.003.


https://doi.org/10.1016/j.arth.2017.09.014
https://doi.org/10.1097/CORR.0000000000001792
https://doi.org/10.1097/CORR.0000000000001792
https://doi.org/10.1007/s11999-012-2605-z
https://www.cms.gov/icd10m/version37-fullcode-cms/fullcode_cms/P0373.html
https://www.cms.gov/icd10m/version37-fullcode-cms/fullcode_cms/P0373.html
https://doi.org/10.1016/j.arth.2015.11.037
https://doi.org/10.1016/j.arth.2015.11.037
https://doi.org/10.2106/JBJS.RVW.18.00061
https://doi.org/10.2106/JBJS.RVW.18.00061
https://doi.org/10.1016/j.arth.2016.02.029
https://doi.org/10.1016/j.arth.2016.02.029
https://doi.org/10.1016/j.arth.2015.01.060
https://doi.org/10.1016/j.arth.2015.01.060
https://doi.org/10.1016/j.arth.2019.06.009
https://doi.org/10.1016/j.arth.2019.06.009
https://doi.org/10.2106/JBJS.K.01569
https://doi.org/10.2106/JBJS.K.01569
https://doi.org/10.1016/j.arth.2019.11.028
https://doi.org/10.1016/j.artd.2020.05.008
https://doi.org/10.1016/j.arth.2017.09.048
https://doi.org/10.1016/j.arth.2017.09.048
https://doi.org/10.1016/j.arth.2015.09.004
https://doi.org/10.1016/j.arth.2015.09.004
https://doi.org/10.1016/j.arth.2015.05.036
https://doi.org/10.1016/j.arth.2017.07.005
https://doi.org/10.1016/j.arth.2017.07.005
https://doi.org/10.1016/j.arth.2022.07.017
https://doi.org/10.1016/j.arth.2022.07.017
https://doi.org/10.1093/ptj/pzab313
https://doi.org/10.1007/s11999-017-5244-6
https://doi.org/10.1016/j.arth.2016.03.045
https://doi.org/10.1016/j.artd.2020.04.013
https://doi.org/10.1016/j.arth.2018.05.015
https://doi.org/10.1016/j.arth.2018.05.015
https://doi.org/10.1016/j.jhsa.2012.03.003

194

HSS Journal®: The Musculoskeletal Journal of Hospital for Special Surgery 20(2)

26.

27.

28.

29.

30.

31.

32.

Mantel J, Chitnis AS, Ruppenkamp J, Holy CE, Daccach J.
Healthcare resource utilization and costs for hip dislocation
following primary total hip arthroplasty in the Medicare pop-
ulation. J Med Econ. 2021;24(1):10-18.

Ng MK, Lam A, Diamond K, et al. What are the causes, costs
and risk-factors for emergency department visits follow-
ing primary total hip arthroplasty? an analysis of 1,018,772
patients. J Arthroplast. 2023;38:117-123. https://doi.
org/10.1016/j.arth.2022.07.008.

Premkumar A, Kolin DA, Farley KX, Wilson JM, McLawhorn
AS, Cross MB, Sculco PK. Projected economic burden of
periprosthetic joint infection of the hip and knee in the United
States. J Arthroplasty. 2021;36(5):1484—1489.¢3. https://doi.
org/10.1016/j.arth.2020.12.005.

Rizkalla JM, Bhimani AA, Kitziger KJ, Peters PC, Schubert
RD, Gladnick BP. Financial impact of removal of total knee
arthroplasty from the inpatient-only list for a physician-
owned BPCI program. J Orthop. 2020;20:221-223. https://
doi.org/10.1016/.jor.2020.01.045.

Roof MA, Kreinces JB, Schwarzkopf R, Rozell JC, Aggarwal
VK. Are there avoidable causes of early revision total knee
arthroplasty? Knee Surg Relat Res. 2022;34:29. https://doi.
org/10.1186/s43019-022-00157-z.

Ryan SP, Goltz DE, Howell CB, et al. Predicting costs exceed-
ing bundled payment targets for total joint arthroplasty. J
Arthroplasty.  2019;34:412-417. https://doi.org/10.1016/].
arth.2018.11.012.

Ryan SP, Plate JF, Goltz DE, et al. Should medical severity-
diagnosis related group classification be utilized for reim-
bursement? an analysis of Elixhauser comorbidities and cost
of care. J Arthroplasty. 2019;34(7):1312—1316. https://doi.
org/10.1016/j.arth.2019.02.045.

33.

34.

35.

36.

37.

38.

39.

40.

Sanchez-Sotelo J, Haidukewych GJ, Boberg CJ. Hospital
cost of dislocation after primary total hip arthroplasty. J Bone
Joint Surg Am. 2006;88(2):290-294.

Schairer WW, Sing DC, Vail TP, Bozic KJ. Causes and
frequency of unplanned hospital readmission after total hip
arthroplasty. Clin Orthop Relat Res. 2014;472(2):464-470.
Siddiqi A, White PB, Mistry JB, et al. Effect of bundled pay-
ments and health care reform as alternative payment models
in total joint arthroplasty: a clinical review. J Arthroplasty.
2017;32:2590-2597. https://doi.org/10.1016/j.arth.2017.03.027.
Sloan M, Premkumar A, Sheth NP. Future demand for total
joint arthroplasty drives renewed interest in arthroplasty fel-
lowship. HSS J. 2020;16:210-215. https://doi.org/10.1007/
s11420-019-09678-y.

Sloan M, Premkumar A, Sheth NP. Projected volume of pri-
mary total joint arthroplasty in the U.S., 2014 to 2030. J Bone
Joint Surg Am.2018;100:1455-1460. https://doi.org/10.2106/
JBJS.17.01617.

UrishKL,QinY,LiBY,etal. Predictorsand costof readmission
in total knee arthroplasty. J Arthroplasty. 2018;33(9):2759—
2763. https://doi.org/10.1016/j.arth.2018.04.008.

Williams CL, Pujalte G, Li Z, Vomer RP II, Nishi M,
Kieneker L, Ortiguera CJ. Which factors predict 30-day
readmission after total hip and knee replacement sur-
gery? Cureus. 2022;14(3):e23093. https://doi.org/10.7759/
cureus.23093.

Zogg CK, Falvey JR, Dimick JB, Haider AH, Davis KA, Grauer
JN. Changes in discharge to rehabilitation: potential unin-
tended consequences of Medicare total hip arthroplasty/total
knee arthroplasty bundled payments, should they be imple-
mented on a nationwide scale? J Arthroplasty. 2019;34:1058—
1065.¢4. https://doi.org/10.1016/j.arth.2019.01.068.


https://doi.org/10.1016/j.arth.2022.07.008
https://doi.org/10.1016/j.arth.2022.07.008
https://doi.org/10.1016/j.arth.2020.12.005
https://doi.org/10.1016/j.arth.2020.12.005
https://doi.org/10.1016/j.jor.2020.01.045
https://doi.org/10.1016/j.jor.2020.01.045
https://doi.org/10.1186/s43019-022-00157-z
https://doi.org/10.1186/s43019-022-00157-z
https://doi.org/10.1016/j.arth.2018.11.012
https://doi.org/10.1016/j.arth.2018.11.012
https://doi.org/10.1016/j.arth.2019.02.045
https://doi.org/10.1016/j.arth.2019.02.045
https://doi.org/10.1016/j.arth.2017.03.027
https://doi.org/10.1007/s11420-019-09678-y
https://doi.org/10.1007/s11420-019-09678-y
https://doi.org/10.2106/JBJS.17.01617
https://doi.org/10.2106/JBJS.17.01617
https://doi.org/10.1016/j.arth.2018.04.008
https://doi.org/10.7759/cureus.23093
https://doi.org/10.7759/cureus.23093
https://doi.org/10.1016/j.arth.2019.01.068

