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Background: Unplanned readmissions have become an important quality indicator, particularly for reimbursement;
thus, accurate assessment of readmission frequency and risk factors for readmission is critical. The purpose of this study
was to determine (1) the frequency of and (2) risk factors for readmissions for all causes or procedure-specific compli-
cations within 30 days after total knee arthroplasty (TKA) as well as (3) the association between hospital volume and
readmission rate.

Methods: The Statewide Planning and Research Cooperative System (SPARCS) database from the New York State
Department of Health was used to identify 377,705 patients who had undergone primary TKA in the period from 1997 to
2014. Preoperative diagnoses, comorbidities, and postoperative complications were determined using International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Readmission was defined as all-cause,
due to complications considered by the Centers for Medicare & Medicaid Services (CMS) to be TKA-specific, or due to
an expanded list of TKA-specific complications based on expert opinion. Multivariable logistic regression analysis was
utilized to determine the independent predictors of readmission within 30 days after surgery.

Results: There were 22,076 all-cause readmissions—a rate of 5.8%, with amedian rate of 3.9% (interquartile range [Q1,
Q3] = 1.1%, 7.2%]) among the hospitals—within 30 days after discharge. Of these, only 11% (0.7% of all TKAs) were due
to complications considered to be TKA-related by the CMS whereas 31% (1.8% of all TKAs) were due to TKA-specific
complications on the expanded list based on expert opinion. Risk factors for TKA-specific readmissions based on the
expanded list of criteria included an age of >85 years (odds ratio [OR] = 1.32, 95% confidence interval [CI] = 1.15 to 1.52),
male sex (OR = 1.41, 95% CI = 1.34 to 1.49), black race (OR = 1.24, 95% CI = 1.14 to 1.34), Medicaid coverage (OR =
1.40, 95%CI = 1.26 to 1.57), and comorbidities. Several comorbid conditions contributed to the all-cause but not the TKA-
specific readmission risk. Very low hospital volume (<90 cases per year) was associated with a higher readmission risk.

Conclusions: The frequency of readmissions for TKA-specific complications was low relative to the frequency of all-cause
readmissions. Reasons for hospital readmission are multifactorial and may not be amenable to simple interventions.
Health-care-quality measurement of readmission rates should be calculated and risk-adjusted on the basis of procedure-
specific criteria.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

I
n 2012, the Affordable Care Act established the Hospital
Readmissions Reduction Program, which requires the Centers
for Medicare &Medicaid Services (CMS) to reduce payments

to hospitals with excess readmissions within 30 days after dis-
charge1. Approximately 75% of all hospitals in the programwill be
subject to a payment reduction of 0.01% to 3%, with the fines
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expected to amount to approximately $420 million in 2016, ac-
cording to Medicare estimates2,3.

Penalizing hospitals for readmissions to achieve cost con-
tainment is not ideal. Penalizing them for all-cause readmissions
without discriminating between those related and those unrelated
to the index procedure is particularly problematic, but there is no
consensus regarding which particular diagnoses should be con-
sidered procedure-specific. A lack of reliability of the collected
data3 as well as medicolegal and financial incentives to admit
patients especially when surgery was performed in a different
hospital are also limitations of this measure4. Furthermore, it re-
mains uncertain whether readmission risk factors can be ad-
dressed in a manner that benefits patients5.

Limitations of previous studies on readmission after total
knee arthroplasty (TKA) within 30 days include the use of a
single hospital database, a lack of information about the rea-
sons for readmission, and the lack of stratification of read-
missions according to comorbidities6-16. These limitations are
important when studying readmission rates because an esti-
mated 18% of patients are readmitted to a hospital other than
the one at which they had the surgery17 and patients have dif-
ferent risks based on their comorbidity profile13,18-20.

The purpose of this study was to use a large, statewide
database to determine (1) the frequency and (2) the risk factors
for readmissions for all causes or for procedure-specific com-
plications within 30 days after TKA as well as (3) the association
between hospital volumes and readmission rates.

Materials and Methods
Study Design and Setting

The Statewide Planning and Research Cooperative System (SPARCS) data-
base from the New York State (NY State) Department of Health was used to

identify our patient cohort. Established in 1979, SPARCS collects hospital dis-
charge information, including patient demographics, diagnoses and treatments,
services, and charges for every non-federal-hospital discharge, ambulatory sur-
gery case, and emergency department visit in NY State. State regulations require
that inpatient data be submitted according to a designated format and schedule
by all facilities certified for inpatient care.

Study Subjects
International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) procedure codes were used to identify 382,603 residents of NY
State who underwent elective primary TKA (ICD-9-CM code 81.51) between
January 1, 1997, and November 30, 2014, for the diagnosis of osteoarthritis,
inflammatory arthritis, or osteonecrosis. Patients were excluded if the indica-
tion for the original surgery was considered nonelective (neoplasm, fracture,
congenital condition, infectious condition, or other); the admission included a
concurrent total hip arthroplasty, revision total hip arthroplasty or TKA, or hip
resurfacing procedure; >2 TKA procedures were coded during the index hos-
pitalization; hospital discharge was against medical advice; or there was a lack
of complete information. This left 377,705 patients eligible for study.

Variables, Outcome Measures, Data Sources, and Bias
We evaluated the frequency of readmissions, within 30 days after the primary
TKA, that were due to any diagnosis (all-cause readmissions), due to any of the
8 diagnoses that the CMS considers to be TKA-specific complications

2
(see

Appendix), and due to a complication on an expanded list that included 22
additional diagnoses considered to be TKA-specific complications in a recent
publication

21
(see Appendix). The potential risk factors for readmission that we

evaluated included demographic characteristics, comorbidities, complications

during the index procedure, length of the hospital stay, and discharge dispo-
sition. Diagnosis codes in all of the secondary diagnosis fields were used to
identify comorbidities based on the Elixhauser Comorbidity Index

22
. We

considered a risk factor to differ between readmission categories if the upper
bound of the 95% confidence interval (CI) for the risk factor using one defi-
nition of readmission did not overlap with the lower bound of the 95% CI for
that same risk factor using a different definition of readmission.

Hospital Volume
Hospitals that performed no TKAs were excluded. To determine the association
between hospital volume and the risk of readmission after TKA, we divided
hospitals into 4 volume strata that we had previously identified to be associated
with distinct risk levels for post-TKA complications and mortality in NY State
hospitals

23
. The thresholds, calculated by applying stratum-specific likelihood

ratio (SSLR) analysis to receiver operating characteristic curves, were £89, 90 to
235, 236 to 644, and ‡645 TKAs per year

23
.

Statistical Analysis
Descriptive statistics were calculated for all variables. Independent samples t
tests and Pearson chi-square analysis were used for bivariate comparisons.
Multivariable analysis was conducted using logistic regression in order to ex-
amine the risk-adjusted association between the tested variables and read-
mission to the hospital. The C-statistic was calculated to estimate the predictive
value of our regression model. Odds ratios (ORs) were calculated with their
respective 95% CIs, and significance was assigned at the p < 0.05 level. All
statistical analyses were performed using SAS 9.3 for Windows software.

Results

Of 377,705 patients who had undergone TKA and were
eligible for 30-day follow-up, 22,076 (5.8%) had been

readmitted to the hospital for any cause (Table I). From 1997 to
2014, the annual all-cause readmission rates among the hos-
pitals ranged from 0% to 100% (interquartile range [Q1, Q3] =
1.1%, 7.2%), with a median of 3.9%. The all-cause read-
missions were due to 918 diagnoses not included in either the
CMS or expanded list of TKA-specific complications as well as
to the TKA-specific diagnoses on those lists (see Appendix).

Readmissions due to CMS TKA-specific criteria accounted
for only 11% (2,449) of all readmissions at 30 days, whereas
readmissions due to the TKA-specific criteria on the expanded list
comprised 31% (6,784) of all readmissions at 30 days (Table I).
Whereas all-cause readmission rates declined significantly during
the study period, those for TKA-specific complications were rel-
atively unchanged and the rates of readmission differed signifi-
cantly according to the criteria used to define them, with no
overlap in CIs (Fig. 1).We also considered readmissions within 90
days but found that 71% of readmissions due to CMS-defined
TKA-specific complications and 66% of those due to complica-
tions on the expanded list occurred within 30 days.

Revision TKA, which is included on the expanded list of
TKA-specific criteria for readmission, but is not a CMS criterion,
was the reason for readmission of 635 (0.2%) of the patients.

Our initial analysis revealed several differences between
the baseline characteristics of patients who were readmitted for
any cause and those who were not readmitted (Tables II and
III). Our multivariable regression model was able to predict
69% of all-cause readmissions (Tables IV and V). Older pa-
tients (>75 years of age) and male patients had a higher risk of
readmission independent of other risk factors. Other factors
associated with an increased risk of readmission for any cause

1094

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 99-A d NUMBER 13 d JULY 5, 2017
ALL-CAUSE VERSUS COMPL ICAT ION-SPEC I F IC READMISS ION

FOLLOWING TOTAL KNEE ARTHROPLASTY



were Medicare insurance (compared with private insurance),
any complication during the index procedure, a longer hospital
stay, discharge to another facility instead of home, bilateral
TKA, and many comorbidities. Whether patients had under-
gone the TKA for osteoarthritis, inflammatory arthritis, or
osteonecrosis did not affect the readmission risk.

Our multivariable regression model was able to predict
66% of the readmissions for a TKA-specific complication as
defined by the CMS or that was included on the expanded list.
Several factors that increased the risk of all-cause readmissions
did not affect the risk of TKA-specific readmissions and vice
versa (Tables IV and V). Regardless of whether the CMS or
expanded criteria for TKA-specific readmissions were used,

black patients and those with Medicaid insurance had an in-
creased risk, although those patient characteristics did not affect
the all-cause readmission risk. Advanced age was a risk for TKA-
specific readmission only when the patient was >85 years,
whereas an age of >75 years increased the risk of all-cause re-
admissions. An age of 65 to 75 years conferred slight protection
against TKA-specific readmissions but not against all-cause re-
admissions. In contrast to all-cause readmissions, the risk of
TKA-specific readmissions was decreased by a discharge to a
rehabilitation center or “other” facility. Bilateral surgery was a risk
factor for all-cause readmissions and TKA-specific readmissions
according to the CMS criteria but not according to the criteria on
the expanded list. Only 8 of the 16 comorbid conditions that

TABLE I Frequency of All-Cause and TKA-Specific Readmissions 30 Days After TKA in NY State Between January 1, 1997, and November
30, 2014

30-Day Readmission Rate

Type of Readmission* No. of Readmissions % of All-Cause Readmissions % (95% CI) of all TKAs ( N = 377,705)

CMS TKA-specific† 2,449 11.1 0.65 (0.62, 0.67)

Expanded TKA-specific‡ 6,784 30.7 1.80 (1.75, 1.84)

All-cause§ 22,076 100.0 5.84 (5.77, 5.92)

*Readmission categories are not mutually exclusive. †Readmissions due to any of 8 diagnoses designated by the CMS as TKA-specific com-
plications (see Appendix). ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional
TKA-specific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included
in the CMS-defined or expanded list of TKA-specific complications (see Appendix).

Fig. 1

Readmission rates after TKA for all causes (solid line), for TKA-specific causes on the expanded list (dashed line [Enhanced]), and for CMS-defined

TKA-specific causes (dotted line) were plotted against the year of readmission from 1997 to 2014 using the SPARCS NY State database as described

in the Materials and Methods section. The shaded areas indicate the 95% CIs. The diagnoses defined as TKA-specific by the CMS and the expanded

list of diagnoses defined as TKA-specific by an expert panel are shown in the Appendix.
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increased the all-cause readmission risk also increased both cat-
egories of TKA-specific readmission risk. Obesity increased the
TKA-specific but not the all-cause readmission risk.

Higher hospital volume was associated with fewer read-
missions (Fig. 2), with a volume of £89 TKAs per year increasing
the risk of both all-cause andTKA-specific readmissions (TableVI)

TABLE II Characteristics of Patients with All-Cause or TKA-Specific Readmission 30 Days After TKA

30-Day Readmissions*

Patient Characteristics
CMS TKA-Specific†

(N = 2,449)
Expanded TKA-Specific‡

(N = 6,784)
All-Cause§

(N = 22,076)
No Readmission
(N = 355,629)

Age (yr)

Mean ± stand. dev. 67.6 ± 11.0 67.4 ± 11.1 69.2 ± 10.5 66.8 ± 10.3

Median 68 68 70 67

Q1, Q3 60, 76 60, 76 62, 77 60, 74

Sex (no. [%])

Male 965 (39.4%) 2,748 (40.5%) 8,154 (36.9%) 120,026 (33.8%)

Female 1,484 (60.6%) 4,036 (59.5%) 13,922 (63.1%) 235,603 (66.2%)

Race/ethnicity (no. [%])

White 1,814 (74.1%) 4,965 (73.2%) 16,619 (75.3%) 267,516 (75.2%)

Black 265 (10.8%) 736 (10.8%) 1,983 (9.0%) 32,226 (9.1%)

Hispanic 139 (5.7%) 456 (6.7%) 1,122 (5.1%) 20,644 (5.8%)

Asian 20 (0.8%) 72 (1.1%) 197 (0.9%) 4,930 (1.4%)

Other 129 (5.3%) 348 (5.1%) 876 (4.0%) 18,123 (5.1%)

Missing 82 (3.3%) 207 (3.1%) 1,279 (5.8%) 12,190 (3.4%)

Insurance status (no. [%])

Medicare 1,472 (60.1%) 4,022 (59.3%) 14,233 (64.5%) 195,339 (54.9%)

Medicaid 147 (6.0%) 429 (6.3%) 856 (3.9%) 16,468 (4.6%)

Private 685 (28.0%) 1,920 (28.3%) 5,975 (27.1%) 121,482 (34.2%)

Workers’ Compensation 91 (3.7%) 272 (4.0%) 651 (2.9%) 14,316 (4.0%)

Other 54 (2.2%) 141 (2.1%) 361 (1.6%) 8,024 (2.3%)

Surgical indication (no. [%])

Osteoarthritis 2,282 (93.2%) 6,364 (93.8%) 20,705 (93.8%) 336,094 (94.5%)

Inflammatory arthritis 146 (6.0%) 370 (5.5%) 1,205 (5.5%) 17,333 (4.9%)

Osteonecrosis 21 (0.9%) 50 (0.7%) 166 (0.8%) 2,202 (0.6%)

Bilateral TKA (no. [%]) 144 (5.9%) 269 (4.0%) 2,291 (10.4%) 18,751 (5.3%)

In-hospital complications (no. [%])

Medical 226 (9.2%) 470 (6.9%) 1,413 (6.4%) 9,404 (2.6%)

Surgical 164 (6.7%) 336 (5.0%) 798 (3.6%) 6,456 (1.8%)

Length of hospital stay (days)

Mean ± stand. dev. 4.9 ± 4.3 4.7 ± 3.9 4.8 ± 3.3 4.1 ± 2.4

Median 4 4 4 3

Q1, Q3 3, 5 3, 5 3, 5 3, 5

Discharge disposition (no. [%])

Home 948 (38.7%) 2,795 (41.2%) 5,388 (24.4%) 153,069 (43.0%)

Short-term hospital 197 (8.0%) 376 (5.5%) 1,037 (4.7%) 5,285 (1.5%)

Skilled nursing facility 900 (36.7%) 2,726 (40.2%) 6,219 (28.2%) 110,916 (31.2%)

Rehabilitation facility 212 (8.7%) 437 (6.4%) 4,426 (20.0%) 50,852 (14.3%)

Other facility 192 (7.8%) 450 (6.6%) 5,006 (22.7%) 35,507 (10.0%)

*Readmission categories are not mutually exclusive. †Readmissions due to any of 8 diagnoses designated by the CMS as TKA-specific com-
plications (see Appendix). ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional TKA-
specific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included in
the CMS-defined or expanded list of TKA-specific complications (see Appendix).
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and a volume of 90 to 235 increasing the risk of all-cause read-
missions and those due to criteria on the expanded list but not to
readmissions due to the CMS-defined TKA-specific criteria. Vol-
umes of 236 to 644 conferred protection against all-cause read-
missions without affecting TKA-specific readmissions.

Discussion

The frequency of all-cause readmission that we reported for
NY State (mean 5.8%; median, 3.9%; Q1, Q3 = 1.1%,

7.2%) is consistent with the upper values of the previously
reported range of 2.0% to 6.6% within 30 days after primary

TKA6-8,13-15,24,25. However, we found much lower frequencies
of readmissions for TKA-specific causes. Only 11% of read-
missions (0.7% of primary TKAs) could be considered due to
TKA-specific complications according to CMS criteria2. Even
when using our expanded criteria21, which included 22 addi-
tional diagnoses, only one-third of the readmissions (1.8% of
the TKAs) could be considered TKA-specific. We also showed
that, whereas all-cause readmission rates changed over time,
TKA-specific readmission rates were relatively stable from 1997
to 2014. The apparent decline in the all-cause readmission rate
over time was not expected, given that, in 2012, Cram et al.

TABLE III Comorbidities of Patients with All-Cause or TKA-Specific Readmission 30 Days After TKA

30-Day Readmissions* (no. [%])

Elixhauser Comorbidity Measure
CMS TKA-Specific†

(N = 2,449)
Expanded TKA-Specific‡

(N = 6,784)
All-Cause§

(N = 22,076)
No Readmission
(N = 355,629)

Congestive heart failure 94 (3.8%) 259 (3.8%) 776 (3.5%) 5,928 (1.7%)

Valvular disease 131 (5.3%) 331 (4.9%) 1,395 (6.3%) 15,570 (4.4%)

Pulmonary circulation disorder 37 (1.5%) 69 (1.0%) 205 (0.9%) 2,016 (0.6%)

Peripheral vascular disorder 58 (2.4%) 163 (2.4%) 510 (2.3%) 5,773 (1.6%)

Paralysis 7 (0.3%) 15 (0.2%) 47 (0.2%) 511 (0.1%)

Other neurological disorder 73 (3.0%) 218 (3.2%) 610 (2.8%) 7,914 (2.2%)

Chronic pulmonary disease 418 (17.1%) 1,257 (18.5%) 3,568 (16.2%) 48,380 (13.6%)

Diabetes 558 (22.8%) 1,505 (22.2%) 4,560 (20.7%) 66,810 (18.8%)

Hypothyroidism 333 (13.6%) 893 (13.2%) 2,872 (13.0%) 47,296 (13.3%)

Renal failure 108 (4.4%) 258 (3.8%) 716 (3.2%) 7,121 (2.0%)

Liver disease 23 (0.9%) 88 (1.3%) 205 (0.9%) 2,627 (0.7%)

Peptic ulcer disease excluding
bleeding

9 (0.4%) 28 (0.4%) 120 (0.5%) 1,370 (0.4%)

Lymphoma 5 (0.2%) 13 (0.2%) 41 (0.2%) 304 (0.1%)

Metastatic cancer 0 (0.0%) 0 (0.0%) 10 (0.0%) 93 (0.0%)

Solid tumor without metastasis 50 (2.0%) 126 (1.9%) 694 (3.1%) 6,549 (1.8%)

Rheumatoid arthritis/collagen
vascular disease

137 (5.6%) 353 (5.2%) 1,130 (5.1%) 16,454 (4.6%)

Coagulopathy 42 (1.7%) 110 (1.6%) 279 (1.3%) 3,181 (0.9%)

Obesity 492 (20.1%) 1,251 (18.4%) 3,388 (15.3%) 59,300 (16.7%)

Weight loss 5 (0.2%) 10 (0.1%) 21 (0.1%) 305 (0.1%)

Fluid and electrolyte disorders 70 (2.9%) 187 (2.8%) 579 (2.6%) 7,556 (2.1%)

Chronic blood loss anemia 9 (0.4%) 23 (0.3%) 73 (0.3%) 854 (0.2%)

Deficiency anemia 181 (7.4%) 499 (7.4%) 1,628 (7.4%) 21,774 (6.1%)

Alcohol abuse 20 (0.8%) 63 (0.9%) 160 (0.7%) 2,204 (0.6%)

Drug abuse 17 (0.7%) 50 (0.7%) 93 (0.4%) 1,296 (0.4%)

Psychoses 36 (1.5%) 119 (1.8%) 316 (1.4%) 3,975 (1.1%)

Depression 303 (12.4%) 788 (11.6%) 2,057 (9.3%) 33,386 (9.4%)

Hypertension (uncomplicated and
complicated combined)

1,633 (66.7%) 4,442 (65.5%) 14,185 (64.3%) 222,516 (62.6%)

*Readmission categories are not mutually exclusive. †Readmissions due to any of 8 diagnoses designated by the CMS as TKA-specific com-
plications (see Appendix). ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional TKA-
specific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included in
the CMS-defined or expanded list of TKA-specific complications (see Appendix).
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reported increasing readmission rates over a similar time frame
(1991 to 2010)26. The discrepancy may be due to differences in
the populations, as Cram et al. examined Medicare patients
exclusively whereas we also studied non-Medicare patients,
including those younger than 65 years old. A recent review
suggests that the proportion of younger patients treated with
TKA has increased over time; such a trend in our NY State
cohort could have resulted in a decreasing readmission rate27.
Whatever the reasons, it is evident that most readmissions are
not related to complications of the TKA specifically, especially
in the short term, calling into question the use of all-cause
readmission rates as a measure of TKA safety.

Our regression model was able to predict about two-
thirds of the all-cause, CMS-defined TKA-specific, and expanded-
criteria TKA-specific readmissions at 30 days. These analyses also
corroborate that many all-cause readmissions occur for reasons
unrelated to TKA. Consistent with previous reports, we found
male patients to be at higher risk for readmission, regardless of the
criteria used to define the readmission15. However, discrepancies
among the readmission categories were detected for many other
risk factors.

An age of >75 years was a risk factor for all-cause read-
missions, but the risk of TKA-specific readmissions increased only
after the age of 85 years and an age of 65 to 75 years conferred a

TABLE IV Risk of All-Cause or TKA-Specific Readmission 30 Days After TKA Based on Patient Characteristics (N = 377,705)

30-Day Readmissions*

CMS TKA-Specific† (N = 2,449;
C-Statistic = 0.66)

Expanded TKA-Specific‡ (N =
6,784; C-Statistic = 0.66)

All-Cause§ (N = 22,076;
C-Statistic = 0.69)

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Age group (vs. <65 yr)

65-75 yr 0.78 (0.69, 0.89) <0.001 0.84 (0.78, 0.91) <0.001 0.98 (0.94, 1.03) 0.460

76-85 yr 0.94 (0.82, 1.08) 0.394 1.01 (0.93, 1.10) 0.792 1.25 (1.19, 1.31) <0.001

>85 yr 1.28 (1.02, 1.61) 0.032 1.32 (1.15, 1.52) <0.001 1.67 (1.54, 1.80) <0.001

Sex

Male vs. female 1.34 (1.23, 1.46) <0.001 1.41 (1.34, 1.49) <0.001 1.26 (1.22, 1.30) <0.001

Race/ethnicity (vs. white)

Black 1.20 (1.05, 1.37) 0.009 1.24 (1.14, 1.34) <0.001 0.99 (0.94, 1.04) 0.583

Hispanic 1.00 (0.84, 1.20) 0.979 1.18 (1.07, 1.30) 0.001 0.93 (0.87, 0.99) 0.029

Asian 0.65 (0.42, 1.02) 0.060 0.86 (0.68, 1.09) 0.216 0.65 (0.56, 0.75) <0.001

Other 1.03 (0.85, 1.23) 0.790 1.02 (0.91, 1.14) 0.695 0.82 (0.76, 0.88) <0.001

Missing 1.15 (0.92, 1.44) 0.230 1.08 (0.93, 1.24) 0.308 1.62 (1.52, 1.72) <0.001

Insurance status (vs. private)

Medicare 1.31 (1.16, 1.49) <0.001 1.26 (1.17, 1.36) <0.001 1.10 (1.05, 1.15) <0.001

Medicaid 1.40 (1.16, 1.69) <0.001 1.40 (1.26, 1.57) <0.001 0.94 (0.87, 1.02) 0.119

Workers’ Compensation 1.07 (0.86, 1.33) 0.551 1.10 (0.97, 1.25) 0.142 0.90 (0.83, 0.98) 0.015

Other 1.20 (0.90, 1.58) 0.214 1.09 (0.92, 1.30) 0.313 0.86 (0.77, 0.96) 0.007

Bilateral TKA 1.22 (1.02, 1.45) 0.028 0.89 (0.79, 1.01) 0.080 1.63 (1.55, 1.71) <0.001

In-hospital complications

Medical 2.31 (1.99, 2.68) <0.001 1.85 (1.67, 2.05) <0.001 1.67 (1.57, 1.78) <0.001

Surgical 2.70 (2.28, 3.20) <0.001 2.16 (1.92, 2.43) <0.001 1.41 (1.30, 1.53) <0.001

Length of hospital stay# 1.02 (1.02, 1.03) <0.001 1.03 (1.02, 1.03) <0.001 1.03 (1.03, 1.04) <0.001

Discharge disposition (vs. home)

Short-term hospital 4.37 (3.72, 5.14) <0.001 3.04 (2.71, 3.40) <0.001 4.62 (4.30, 4.98) <0.001

Skilled nursing facility 1.19 (1.08, 1.32) <0.001 1.25 (1.18, 1.32) <0.001 1.49 (1.44, 1.55) <0.001

Rehabilitation facility 0.57 (0.49, 0.67) <0.001 0.42 (0.38, 0.47) <0.001 2.11 (2.02, 2.20) <0.001

Other facility 0.70 (0.59, 0.82) <0.001 0.56 (0.51, 0.63) <0.001 3.20 (3.07, 3.34) <0.001

*Readmission categories are not mutually exclusive. †Readmissions due to any of 8 diagnoses designated by the CMS as TKA-specific com-
plications (see Appendix). ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional TKA-
specific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included in
the CMS-defined or expanded list of TKA-specific complications (see Appendix). #The change in risk of readmission was calculated for each
additional day (unit change) that the patient stayed in the hospital.
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slight protective effect. Our results suggest that previous findings
with regard to the effect of age on readmission may have been
mixed because different criteria were used to define read-
mission7,10,15,16,28,29. Higuera et al. found no association between
age and readmissions16. Avram et al.7 and Pugely et al.30 found
that older age was a predictor of readmissions at 30 days after
discharge whereas Zmistowski et al. found that younger patients
were more likely to be readmitted15, all in large cohorts.

Black race was a risk factor for TKA-related readmission
but not all-cause readmission. Previous studies have shown
black patients to have higher complication and readmission
rates after total joint arthroplasty19,31,32. Clearly, this is an area
that continues to require study and improvement.

In agreement with previous studies11,20, our study showed
that patients with more comorbid conditions were at higher
risk for readmission. However, not all of the diagnoses that
increased the risk of all-cause readmission affected TKA-
specific readmission. Consistent with previous studies, we
found that patients with coagulopathies10,33,34, renal disease3,10

heart disease13,35, obesity8,13,36 and mental health problems4,37

were at increased risk for TKA-specific readmission. Although
we found depression to be a risk factor for TKA-specific re-
admissions, drug abuse and psychoses contributed only to all-
cause readmissions in our cohort. Diabetes10,13,35 and anemia16,34

have been reported to increase the risk of readmission after
TKA; in our model these were risk factors for all-cause but not

TABLE V Risk of All-Cause or TKA-Specific Readmission 30 Days After TKA Based on Patient Comorbidities (N = 377,705)

30-Day Readmissions*

CMS TKA-Specific† (N = 2,449;
C-Statistic = 0.66)

Expanded TKA-Specific‡ (N =
6,784; C-Statistic = 0.66)

All-Cause§ (N = 22,076;
C-Statistic = 0.69)

Elixhauser Comorbidity
Measure (Vs. None) OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Congestive heart failure 1.41 (1.14, 1.75) 0.002 1.53 (1.34, 1.74) <0.001 1.48 (1.36, 1.60) <0.001

Valvular disease 1.07 (0.89, 1.28) 0.466 1.05 (0.93, 1.17) 0.441 1.21 (1.15, 1.29) <0.001

Pulmonary circulation disorder 1.74 (1.24, 2.44) 0.001 1.29 (1.01, 1.66) 0.042 1.09 (0.93, 1.26) 0.290

Peripheral vascular disorder 1.12 (0.86, 1.46) 0.417 1.17 (0.99, 1.37) 0.060 1.16 (1.05, 1.27) 0.002

Paralysis 1.64 (0.77, 3.49) 0.199 1.30 (0.77, 2.19) 0.320 1.20 (0.89, 1.63) 0.239

Other neurological disorder 1.17 (0.92, 1.48) 0.198 1.28 (1.12, 1.47) <0.001 1.22 (1.12, 1.33) <0.001

Chronic pulmonary disease 1.16 (1.04, 1.29) 0.008 1.32 (1.24, 1.41) <0.001 1.24 (1.19, 1.29) <0.001

Diabetes 1.11 (1.01, 1.23) 0.037 1.08 (1.02, 1.15) 0.012 1.10 (1.06, 1.14) <0.001

Renal failure 1.47 (1.20, 1.81) <0.001 1.32 (1.16, 1.50) <0.001 1.35 (1.24, 1.47) <0.001

Liver disease 0.99 (0.65, 1.50) 0.949 1.40 (1.12, 1.74) 0.003 1.28 (1.11, 1.49) 0.001

Peptic ulcer disease excluding
bleeding

0.92 (0.48, 1.79) 0.813 1.12 (0.77, 1.63) 0.566 0.89 (0.74, 1.08) 0.238

Lymphoma 1.94 (0.80, 4.73) 0.143 1.90 (1.09, 3.34) 0.025 1.72 (1.23, 2.40) 0.002

Solid tumor without metastasis 1.04 (0.78, 1.38) 0.789 0.96 (0.80, 1.15) 0.685 1.15 (1.06, 1.25) <0.001

Rheumatoid arthritis/collagen
vascular disease

1.11 (0.68, 1.81) 0.684 1.22 (0.89, 1.67) 0.208 1.09 (0.91, 1.29) 0.352

Coagulopathy 1.56 (1.14, 2.13) 0.006 1.48 (1.21, 1.80) <0.001 1.19 (1.05, 1.35) 0.008

Obesity 1.25 (1.12, 1.38) <0.001 1.14 (1.07, 1.21) <0.001 1.03 (0.99, 1.07) 0.133

Weight loss 1.29 (0.53, 3.19) 0.575 0.99 (0.52, 1.89) 0.975 0.76 (0.48, 1.21) 0.252

Fluid and electrolyte disorders 1.07 (0.84, 1.37) 0.575 1.07 (0.92, 1.24) 0.403 1.03 (0.94, 1.12) 0.525

Deficiency anemias 1.01 (0.87, 1.19) 0.858 1.06 (0.96, 1.16) 0.259 1.06 (1.00, 1.12) 0.036

Alcohol abuse 0.93 (0.59, 1.45) 0.735 1.03 (0.79, 1.33) 0.850 1.08 (0.91, 1.27) 0.393

Drug abuse 1.36 (0.83, 2.23) 0.219 1.34 (1.00, 1.79) 0.054 1.27 (1.02, 1.58) 0.033

Psychoses 1.09 (0.78, 1.52) 0.630 1.31 (1.09, 1.58) 0.005 1.32 (1.17, 1.48) <0.001

Depression 1.35 (1.19, 1.53) <0.001 1.27 (1.17, 1.37) <0.001 1.13 (1.08, 1.19) <0.001

Hypertension (uncomplicated
and complicated combined)

1.09 (1.00, 1.19) 0.065 1.03 (0.98, 1.09) 0.228 1.06 (1.02, 1.09) <0.001

*Readmission categories are not mutually exclusive. †Readmissions due to any of 8 diagnoses designated by the CMS as TKA-specific com-
plications (see Appendix). ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional TKA-
specific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included in
the CMS-defined or expanded list of TKA-specific complications (see Appendix).
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TKA-specific readmission. Consistent with previous reports,
our study showed that in-hospital complications and a longer
stay in the hospital also increased the risk of readmission, re-
gardless of the criteria used to define the readmission7,29,38,39.
Whether addressing these risks can decrease readmission fre-
quency remains unclear40,41.

Bilateral surgery was a risk factor for all-cause read-
missions and TKA-specific readmissions according to the CMS
criteria but not the criteria on the expanded list, suggesting that
while bilaterality does not compromise the outcome of TKA
itself, the duration or extent of surgery may be riskier for sicker
patients. While Hart et al.42 did not find an increased read-

mission rate after bilateral surgery, they did report a slightly
higher rate of major complications. Although bilateral surgery
is not part of the CMS Comprehensive Care for Joint Replace-
ment Model (CJR) or Bundled Payments for Care Improvement
(BPCI) initiative for lower-extremity joint replacement, they
were included in our analysis to replicate as closely as possible
the CMS readmission measure methodology, in which bilateral
operations are risk-adjusted but included43.

As in previous studies, we found insurance coverage and
disposition to influence readmission rates4,10,14,33,39,44. However,
we also found that the influence of these factors depended on
whether the readmission was all-cause or due to a TKA-specific

Fig. 2

Hospital TKA volume plotted against frequency of readmission 30 days after primary TKA for 1 year from December 2013 to November 2014 with use

of the SPARCS NY State database.

TABLE VI Risk of All-Cause or TKA-Specific Readmission 30 Days After TKA Based on Hospital Annual Volume of TKAs (N = 377,705)

30-Day Readmissions*

CMS TKA-Specific† (N = 2,449;
C-Statistic = 0.66)

Expanded TKA-Specific‡ (N =
6,784; C-Statistic = 0.66)

All-Cause§ (N = 22,076;
C-Statistic = 0.69)

Hospital Annual Volume# OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

£89 vs. ‡645 1.32 (1.16, 1.51) <0.001 1.43 (1.32, 1.56) <0.001 1.26 (1.20, 1.32) <0.001

90-235 vs. ‡645 1.09 (0.97, 1.22) 0.160 1.24 (1.15, 1.33) <0.001 1.05 (1.01, 1.09) 0.021

236-644 vs. ‡645 0.95 (0.84, 1.08) 0.429 1.01 (0.93, 1.08) 0.896 0.74 (0.71, 0.78) <0.001

*Readmission categories are not mutually exclusive. †Readmissions due to any of 8 diagnoses designated by the CMS as TKA-specific com-
plications (see Appendix). ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional TKA-
specific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included in
the CMS-defined or expanded list of TKA-specific complications (see Appendix). #Thresholds for hospital annual volume were determined using
SSLR analysis as described in the Materials and Methods section.
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diagnosis. In our study, Medicare coverage increased the risk of
all 3 categories of readmission but Medicaid coverage was a risk
factor only for TKA-specific readmission, suggesting that lower
socioeconomic status affected TKA outcomes specifically. This
finding is in agreement with previous observations33,39,44 and
underscores the need to determine how to improve TKA-
specific care in this population. We also found that discharge to
anywhere other than home increased the risk of all-cause re-
admission, which is consistent with previous reports4,13,39 and
our finding that sicker patients have a higher readmission
risk. However, discharge to a rehabilitation facility conferred a
protective effect only against TKA-specific readmissions. This
is consistent with the expectation that post-TKA aftercare at
rehabilitation facilities is better than what could be provided
at home.

The relationship between higher procedure volume and
better procedure outcome has been reported for TKA and other
surgical procedures5,45,46, although the reasons for it remain
opaque. Surgeon procedure volume may be a contributing
factor24,47. Our findings confirm the volume-outcome rela-
tionship in hospitals across NY State. Previously, we identified
TKA volume thresholds (£89, 90 to 235, 236 to 644, and ‡645
TKA per year) in NY State hospitals that were associated with
decreasing risks of complications 90 days after surgery23. We
add to our previous findings the observation that these volume
strata are also associated with decreasing risk of readmission 30
days after TKA. Our findings could suggest that TKAs should
be performed only in hospitals where ‡90 operations are done
per year. An alternative approach might be to encourage pri-
mary care physicians (or other gatekeepers) to steer patients to
higher-volume centers but ultimately leave the decision to the
patient, allowing them to weigh the possibly increased risk of
complications against factors that might make a smaller hos-
pital more appealing to them, such as proximity or familiarity.
Surprisingly, hospitals reporting a volume of 236 to 644 cases
per year had a lower rate of all-cause readmissions than hos-
pitals reporting ‡645 cases, despite the fact that in our previ-
ous study these 2 strata had the same 90-day complication risk
and the highest-volume hospitals had the lowest mortality
risk23. Considering that the rates of TKA-specific readmission
were the same in the top 2 volume strata of hospitals, the
higher all-cause readmission risk in the highest-volume hospitals
likely arises from medical or surgical issues not related to
TKA directly. Large, highly specialized hospitals reporting
‡645 TKAs per year are likely to be in urban areas and thus
may serve a different population than lower-volume hospi-
tals. For example, readmission may be more common for
medicolegal reasons. Further investigation is required to
understand why hospitals in the highest-volume stratum
have the lowest TKA-related readmission rates but not the
lowest all-cause readmission rates. Studies to elucidate the
proportion of high-risk patients treated at each volume tier
of hospitals would be instructive. Whatever the reasons may
be, the discrepancy underscores our overall conclusion
that procedure-specific and all-cause readmissions do not
measure the same outcome.

The limitations of our study are related to the use of an
administrative database. Inaccuracy of coding of diagnoses and
procedures and a lack of detailed clinical information are concerns.
However, this database is similar to the one used by Medicare to
measure readmission rates and can provide a picture of all-payer
health-care delivery over a large geographic region in a cohort that
is much larger than those in most previous studies. Although a
wide variety of communities (urban, suburban, and rural) are
represented in NY State, it is possible that patients, surgeons, and
hospital-related factors unique to our state are not entirely re-
flective of the rest of the U.S. Finally, even thoughwe restricted our
study to NY State residents, patients living near borders with other
states may have been readmitted to hospitals in those states, re-
sulting in an underestimation of readmission frequency.

In conclusion, using a statewide database, we determined
that TKA-specific readmissions account for only 11% to 31%
of all-cause readmissions at 30 days after discharge, indicating
that all-cause readmission rates are not an accurate measure of
TKA safety. Fortunately, in the final rule for the CMS total joint
replacement bundle, the CJR payment model does not use all-
cause readmission as a performance measure48, even though it
had been considered when first proposed49. However, with
regard to the Hospital Readmissions Reduction Program, our
findings suggest that CMS may be unfairly penalizing hospitals
using this methodology for the calculation of readmission
rates following TKA. We identified several risk factors for
TKA-specific readmission. The fact that some risk factors—
including bilateral TKA and disposition to a rehabilitation
facility—contributed to all-cause but not TKA readmission
indicate that analysis of procedure-specific readmissions is
necessary for accurate risk adjustment. Readmission rates are
lower at higher-volume hospitals, with the risk of readmission
declining in hospitals performing at least 90 TKAs per year.

Overall, our finding of an imperfect overlap of risk fac-
tors for all-cause versus TKA-specific readmission suggests that
clearly defining the parameters for a relevant readmission will
affect not only the apparent frequency of readmission but the
definition of its risk factors. This is important when consid-
ering how readmission frequencies might be risk-adjusted to
prevent excessive readmission-related penalties for hospitals
serving a greater proportion of at-risk patients.

Appendix
Tables showing the CMS-defined and expanded lists of
TKA-specific diagnoses leading to readmission as well as

the diagnoses leading to 80% of the readmissions due to non-
TKA-specific reasons are available with the online version of
this article as a data supplement at jbjs.org (http://links.lww.
com/JBJS/C967). n
NOTE: The authors thank Kaitlyn Yin and Naaman Mehta for assistance in the preparation of this
manuscript.
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