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Abstract

Introduction: To examine racial variations in access to postacute care (PAC) and rehabilitation (Rehab) services following
elective total knee arthroplasty and whether where patients go after surgery for PAC/Rehab is associated with 30-day read-
mission to acute care facility. Materials and Methods: Sample consisted of 129 522 patients discharged from 169 hospitals in
the State of Pennsylvania between fiscal years 2008 and 2012. We used multinomial regression models to assess the relationship
between patient race and discharge destination after surgery, for patients aged 18 to 64 years and for those aged 65 and older. We
used multivariable (MV) regression and propensity score (PS) approaches to examine the relationship between patient discharge
destination after surgery for PAC/Rehab and 30-day readmission, controlling for key individual- and facility-level factors.
Results: Lower proportions of younger patients compared to those older than 65 were discharged to inpatient rehabilitation
facilities (IRFs; 5.8% vs 12.6%, respectively) and skilled nursing facilities (SNFs; 15.2% vs 32.7%, respectively) compared to home-
based Rehab (self-care; 23.3% vs 14.2%, respectively). Compared to whites, African American patients had significantly higher
odds of discharge to IRF (age < 65, odds ratio = 2.04; age > 65, odds ratio = 1.64) and to SNF (age < 65, odds ratio = 2.86;
age > 65, odds ratio = 2.19) and discharge to home care in patients younger than 65 years (odds ratio = 1.31). The odds of 30-day
readmission among patients discharged to an IRF (MV odds ratio = 7.76; PS odds ratio = 8.34) and SNF (MV odds ratio = 2.01;
PS odds ratio = 1.83) were significantly higher in comparison to patients discharged home with self-care. Conclusion: African
American patients with knee replacement are more likely to be discharged to inpatient Rehab settings following surgery. Inpatient
Rehab is significantly associated with 30-day readmission to acute care facility.
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Introduction According to the latest data from the Healthcare Cost and
Utilization Project, approximately 120 000 (4.8%) TKA pro-
cedures resulted in early readmission in 2009 to 2012.* Prior
research suggests 30-day readmission rates for TKA have stea-
dily increased since the early 1990s,” with at least 1 study
reporting the most dramatic rise among minority, and in partic-
ular African American (AA) patients: from 6% higher than
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performed in the United States is projected to exceed 1 million

procedures.” This figure marks a 2-fold increase in TKA utiliza-
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white patients in 1991 to 24% in 2008.° Often, these readmis-
sions signal inadequate discharge planning or poor care conti-
nuity between hospital clinicians and postacute care (PAC) or
rehabilitation (Rehab) service providers,’ yet little is known
about racial variations in the patterning of PAC/Rehab care
after surgery. Furthermore, PAC/Rehab encompasses a wide
range of processes, locations, and intensities of care,8 and
despite growing demand for these services, little research on
hospital readmission has been reported for patients according
to rehabilitation setting.

Thus, our study sought to answer 2 questions with implications
for efforts to reduce avoidable TK A readmissions: First, are there
racial differences in where elective primary TKA recipients
receive PAC/Rehab services? Second, is the location of PAC/
Rehab services (discharge destination) associated with the likeli-
hood of all-cause 30-day readmission to an acute care hospital?

Methods
Study Sample and Data Set

We used the Pennsylvania Health Care Cost Containment
Council (PHC4) database to identify a cohort of patients who
underwent elective primary TKA performed in the State of
Pennsylvania in the 12 fiscal years (Fys) 2001 to 2012. Cases
with TKA were identified using the International Classifi-
cation of Diseases, Ninth Revision (ICD-9) code 81.54 for pri-
mary TKA.

Study Measures

The primary study outcome was the type of PAC to which the
patient was discharged. This was defined using the patient’s dis-
charge destination according to the setting in which services
were delivered. The categories were home with routine self-
care (home-self), home under care of organized home service
(home care), skilled nursing facility (SNF), and inpatient rehabi-
litation facility (IRF). The primary exposure of interest was
patient race. Because of the clustered nature of the data, and in
order to account for distinct associations between patient-level
(within-cluster) race and facility-level (between-cluster) race,
we specified both patient- and facility-level measures and
included both in our primary analyses.” Facility-level race was
defined as the proportion of AA patients at each facility. Patient
race was specified as the difference between the patient race
indicator and the facility mean proportion of AA patients. Other
patient-level variables examined as potential confounders were
gender, age (categorized as 18-44, 45-64, 65-84, and 85 and
older), insurance type (categorized as Medicaid, Medicare/
government, or private), and the occurrence of any of the follow-
ing major complications during the index stay: venous throm-
boembolism, myocardial infarction, surgical wound infection,
and prosthetic device complication. These individual complica-
tions were identified using /CD-9 codes (see Appendix A).
Facility-level rural status was assigned based on rural-urban
commuting area codes.'® Facility procedure volume was deter-
mined for each study year based on the number of TKA

procedures performed that year. We categorized facility proce-
dure volume into 3 levels: low (less than 200), medium (200-
400), and high (more than 400 TKAs performed). Patient
comorbidity was summarized using the Elixhauser comorbidity
index, a modification of the Elixhauser comorbidity index that
combines the 30 Elixhauser indicators into a single numeric
score."! We also examined readmission within 30 days, defined
as an inpatient admission within 30 days of discharge from the
index surgical hospitalization. The study was approved by the
Institutional Review Board at the Philadelphia VA Medical Center.

Data Analysis

Descriptive statistics for patient demographic and clinical char-
acteristics were calculated for the study sample overall, by
race, and by Rehab destination. Comparisons of these charac-
teristics in the study cohort were tested using chi-square tests
after stratifying the sample by age (<65 years old and >65 years
old) to account for age-based differences in Medicare eligibility.
Unadjusted associations between patient race and Rehab destina-
tion were estimated with multinomial mixed effects regression
models, with the 4-level Rehab type as the dependent variable,
patient- and facility-level race as independent variables, and
facility-level random effects. Multivariable models for the asso-
ciation of race and Rehab destination also included patient
gender, age, type of insurance, presence of in-hospital complica-
tions, Elixhauser score, hospital rurality, and facility procedure
volume. These variables were chosen a priori based on previous
research and availability of data in the PHC4 database.

We examined the association between Rehab destination
and 30-day readmission. Unadjusted associations between
30-day readmission and Rehab type were estimated with mixed
effects logistic regression models, with random facility inter-
cepts. Multivariable mixed effects models also included patient
gender, age, race, type of insurance, presence of in-hospital
complications, Elixhauser score, facility-level race, facility rur-
ality, and facility procedure volume.

In order to further reduce bias due to nonrandomized proce-
dure for patient referral to type of Rehab service, we conducted
a propensity score (PS) analysis.'> We first developed a logistic
regression model for discharge to each PAC or Rehab type
(IRF, SNF, or home care) relative to home self. We included
patient-level race, gender, age, type of insurance, an interaction
of age with insurance type, Elixhauser indicators, in-hospital
complications, and facility procedure volume and rural status
and estimated a propensity score for each Rehab type for each
patient. After evaluating and confirming that observed charac-
teristics were adequately balanced within PS quintiles,"* asso-
ciations between type of Rehab service and 30-day readmission
were estimated within PS strata. We report the pooled within-
strata comparisons,'? expressed as odds ratios (OR) for read-
mission, for each of the Rehab types (IRF, SNF, and home
care) relative to home-self. Standard errors and 95% confi-
dence intervals (CIs) were determined using the bootstrap
method with 1000 bootstrap samples. Associations between
where patient went for PAC or Rehab and 1-year mortality
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PHCA4 Inpatient Records

All knee replacements performed in fiscal
years 2001 through 2012

(n=322,912)

Exclude:

b ) Race not white or black (n = 15,086)

2. Under 18 (n = 68)

3 Transferred out (n = 1,179)

4. Non-study destination (n = 1,388)

4 Knee revision in same hospitalization (n = 655)
6. Hip replacement/revision (n = 87)

T A Bilateral knee replacement (n = 27,410)

8. Died in hospital (n = 0)

S Died on same day (n =0)

10. More than two replacements (n = 535)

11 Missing gender (n = 3)

12 Missing race (n = 21)

13. No or missing insurance status (n = 1,360)

14. Missing rurality (n = 2,072)

A\

All qualified knee replacements performed in fiscal
years 2001 through 2012
(n=273,048)

Exclude:

1. Outside of post-policy period (n = 143,526)

Analysis Dataset

All qualified knee replacements performed
in fiscal years 2008 through 2012
(n=129,522)

Total drop: 193,390 (55.89%)

Figure |. Study sample flow and construction of the analytic sample.

were not determined due to the very low mortality rate. All
analyses were performed using SAS 9.3.

Results
Baseline Characteristics of the Study Sample

We identified 322 912 primary TKA procedures performed at
192 hospitals in the state of Pennsylvania between FYs 2001
and 2012. All TKA records indicating a discharge to a nonstudy
Rehab destination (n = 1388), patient race not white or black

(n =15 086), or where the index surgery was primary bilateral
knee replacement (n = 27 410) were excluded from the ana-
lysis. Additional exclusions are detailed in Figure 1.

In 2004, eligibility criteria for inpatient rehabilitation, com-
monly referred to as the 75% rule, were revised by CMS.'* This
policy modification resulted in significant shifts of Rehab uti-
lization—reducing use of IRF and increasing use of SNF
between 2004 and 2007. Trends in use of Rehab services types
stabilized and remained relatively constant between 2008 and
2012, suggesting that implementation of the policy revision
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Table I. Selected Baseline Characteristics by Race.”

Race White Black Overall
<65 >65 <65 >65 <65 >65
N % N % N % N % N N

Age category 51 693 100 69 756 100 4882 100 3191 100 56 575 72 947
Item
Gender

Female 31 958 61.82 45 236 64.85 3486 71.41 2476 77.59 35 444 47712

Male 19 735 38.18 24 520 35.15 1396 28.59 715 22.41 21 131 25235
Age

<45 2086 4.04 - - 356 7.29 - - 2442 -

45-64 49 607 95.96 - - 4526 92.71 - - 54 133 -

65-84 - - 65 940 94.53 - - 3075 96.36 - 69 015

>85 - - 3816 5.47 - - 116 3.64 - 3932
Insurance type

Medicaid 2852 5.52 94 0.13 1207 24.72 48 1.5 4059 142

Medicare/Govt 6668 12.9 62 094 89.02 1035 21.2 2718 85.18 7703 64 812

Private 42 173 81.58 7568 10.85 2640 54.08 425 13.32 44 813 7993
Rehab type

IRF® 2759 5.34 8817 12.64 504 10.32 383 12 3263 9200

SNF® 6833 13.22 22 048 31.61 1753 3591 1816 56.91 8586 23 864
Home health care 2394 56.86 28 696 41.14 2176 44.57 836 26.2 31 570 29 532
Home self-care 12 707 24.58 10 195 14.62 449 9.2 156 4.89 13 156 10 351

Abbreviations: IRF, inpatient rehabilitation facility; SNF, skilled nursing facility.
?In all categories the p-value is P < 0.001.

was complete. Therefore, our analysis focuses on the cohort of
patients who underwent surgery between 2008 and 2012. We
identified 129 522 primary TKAs performed at 169 nongovern-
mental (ie, non-Veterans Affairs) acute care hospitals in the
state of Pennsylvania between FYs 2008 and 2012. The final
analytic sample consisted of 121 449 (94%) TKA procedures
performed on white patients and 8073 (6%) performed on
AA patients. Procedures were stratified by patient age (n =
56,575 [43.7%] < 65 and n = 72,947 [56.3%] > 65). The TKAs
for AAs involved patients who were younger, more likely to be
female, and have Medicaid or Medicare/Government insurance
status when younger than 65 years (P < .001 for all compari-
sons). Nearly half of all TKA procedures resulted in discharge
to home with health care services (n = 61 102 [47.17%]). An
additional 18% of TKA recipients were discharged to home
with self-care (n = 23 507). Remaining procedures were dis-
charged to institutional PAC settings (n = 32 450 [25.05%]
to SNF; n = 12 463 [9.62%] to IRF). Selected demographic and
clinical characteristics of the study cohort are summarized by
race in Table 1, and they are summarized by type of Rehab
services in Table 2.

Race and PAC/Rehab Discharge Destination

Unadjusted odds of IRF referral versus home-self were signif-
icantly higher for AA patients compared to whites (<65, OR =
2.48 [95% CI, 2.10-2.93]; >65, OR = 1.71 [95% CI, 1.37-
2.13]). The AA race also strongly predicted discharge to SNFs
(<65, OR = 3.53 [95% CI, 3.08-4.04]; >65, OR = 2.40 [95%
CI, 1.97-2.92]) and discharge to home care in patients younger

than 65 years (OR = 1.31[95% CI, 1.15-1.49]). After adjusting
for patient gender, age, type of insurance, presence of in-
hospital complications, Elixhauser score, hospital rurality, and
hospital procedure volume, the odds of discharge to IRF versus
home-self in AA patients remained significantly higher than
the odds in whites (<65, OR = 2.06 [95% CI, 1.74-2.45;, P <
.00017]; > 65, OR = 1.76 [95% CI, 1.40-2.21; P <.001]) as did
their odds of discharge to SNF versus home-self (<65, OR =
3.04 [95% CI, 2.64-3.50; P < .001]; >65, OR = 2.31 [95%
CI 1.89-2.82; P < .001]) and discharge to home care versus
home-self in patients younger than 65 years (OR = 1.32
[95% CI, 1.16-1.50; P < .0001]). Reported ORs according to
age are summarized in Figure 2.

Postacute Care/Rehab Discharge Destination
and 30-Day Readmissions

Figure 3 summarizes the reported unadjusted and adjusted odds
ratios for 30-day readmission by IRF, SNF, and home care dis-
charge destinations (referent is home-self for all models).
Unadjusted analysis found the highest odds of 30-day readmis-
sion among patients discharged to IRFs (OR = 10.06 [95% ClI,
9.21-10.99; P < .0001]) followed by patients discharged to
SNFs (OR = 2.53 [95% CI, 2.32-2.77; P < .0001]). The
strength of the observed association was marginally diminished
after adjusting for patient gender, age, race, type of insurance,
presence of in-hospital complications, Elixhauser comorbidities,
hospital rurality, and hospital procedure volume: discharge to
IRF (OR = 7.76 [95% CI, 7.08-8.51; P < .0001]) and SNF
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Table 2. Selected Baseline Characteristics by Discharge Destination.
IRF SNF Home health care Home self-care Overall
N % N % N % N % N
Discharge destination 12 463 100 32 450 100 61 102 100 23 507 100 129 522
Item
Patient race
White 11576  92.88 28 881 89 58090  95.07 22902 9743 121 449
Black 887 7.12 3569 I 3012 4.93 605 2.57 8073
Elixhauser score®
(Mean, SE) 0.66 0.06 0.41 0.02 —0.21 0.01 —0.26 002 0.02 0.0l
(Median, IQR) 0 5 0 5 0 2 0 2 0o 2
Facility race®
(Mean, SE) 0.07 0 0.09 0 0.06 0 0.03 0 0.06 0.01
(Median, IQR) 0.02 0.06 0.03 0.07 0.03 0.06 0.02 003  0.03 2
30-day readmission
No 911l 73.1 29609 91.24 58844 963 22675  96.46 120 239
Yes 3352 26.9 2841 8.76 2258 3.7 832 3.54 9283

Abbreviations: IQR, interquartile range; IRF, inpatient rehabilitation facility; SNF, skilled nursing facility; SE, standard error.

?In all categories the P value is P < .001.
bCalculated using weights from van Walraven et al."!
‘Reported as facility-level % black.

DESTINATION

HAB

are eligibility: Les:
Referent group: disch

than 65 years of age (<65

arged to home with self-¢

Figure 2. Adjusted odds of IRF, SNF, and home health care referral in
African American patients by Medicare eligibility. IRF indicates inpa-
tient rehabilitation facility; SNF, skilled nursing facility.

(OR = 2.01 [95% CI, 1.83-2.21; P < .0001) significantly pre-
dicted 30-day readmission. After stratifying by propensity score
quintile for each PAC type, the odds of 30-day readmission
among patients discharged to IRF (OR = 8.34 [95% CI, 7.5-
9.3; P <.0001]) and SNF (OR = 1.83 [95% CI, 1.65-2.03; P
<.0001]) were found to be significant. In both multivariable and
propensity-adjusted analyses, discharge to home care following
TKA did not increase the likelihood of 30-day readmission (P =
.62 and P = .87, respectively).

Discussion

In this sample of nearly 130 000 patients who underwent elec-
tive primary TKA in the Commonwealth of Pennsylvania, we
identified several distinct trends with implications for efforts
to reduce TKA readmissions. First, we found significant racial
variation in discharge destination after surgery. Compared to
white patients and irrespective of Medicare eligibility age,
AA patients had significantly higher odds of being discharged
to institutional rehabilitation (IRFs and SNFs) following TKA.
Second, we found patients discharged to IRFs and SNFs were
readmitted to an acute care hospital 8.34 and 1.38 times more
often, respectively, than patients discharged home.

Attempts to decrease future readmission rates will require
an understanding of the complex interaction of hospital pro-
cesses that influence readmission and its predisposing factors
within patient populations. Numerous prior studies have exam-
ined these aspects independently'®; however, few have ven-
tured to examine provider practices and patient-level factors
in tandem or in depth. Thus, little is known about underlying
mechanisms that account for how nonclinical factors—such
as racial minority status or AA patient race—serve to increase
the risk of readmission following TKA.

Intuitively and from other types of health disparities research,
minority status is a proxy for many underlying “root cause”
aspects that lead to poorer patient outcomes'®'”'®!*__aspects
that include limited health care coverage and, in turn, limited
access to specialists and Rehab services.”**! Instructively, most
joint replacement studies that have documented racial disparities
in readmission rates have used Medicare data in which such
coverage-based access limitations are mitigated.”>** Thus, for
the bulk of TKA recipients, racial differences in access to
PAC/Rehab services are unlikely to sufficiently explain
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Skilled Nursing Facility
(SNF) MV

REHAB DESTINATION

o

=
>

Referent group: discharged to home with self-care (all comparisons)

Figure 3. Unadjusted, adjusted, and propensity-adjusted odds ratios of 30-day readmission by rehabilation type.

observed differences in readmission. The present findings offer
an alternative plausible factor: racial variation in the utilization
of higher level institutional PAC/Rehab services.

In a health care climate that increasingly emphasizes the
importance of resource management and high-value care,'”
there is a striking absence of standardized, evidence-based cri-
teria to help providers determine the most cost-effective and
clinically beneficial modality of PAC/Rehab services.*2>-26-27
As pressure mounts to reduce readmissions, many well-meaning
providers may err on the side of higher than necessary PAC/
Rehab care as permitted by adequate health care (most
often, Medicare) coverage.>> Our findings suggest that such
decision making may particularly influence the trajectory of
AA patients with TKA and, ultimately, may serve cross pur-
poses, specifically to increase the risk of rehospitalization
for these patients.

Our study is one of several that has examined PAC/Rehab uti-
lization patterns after joint replacement surgery and found sig-
nificant variation in the use of institutional services by race.
Freburger et al,?® in a multistate analysis of hospital discharge
data, noted AA patients covered by Medicare of private insur-
ance were more likely to use institutional PAC relative to white
patients in the same coverage group (OR = 1.69). Further,
among all patients receiving institutional PAC, AAs from a
majority of states were more likely than whites to use SNF care
as opposed to IRF care. Earlier research supports these differ-
ences: In a descriptive analysis of Medicare data, Buntin®
reported a larger percentage of nonwhite TKA recipients
received institutional PAC relative to whites. While comparisons
of our findings to the previous research are complicated by the
recent phase-in of the newly revised 75% rule—a time of major
shifts in rehab utilization patterns—our study confirms that the

increased likelihood of AA patients receiving institutional
PAC/Rehab services persist in the present policy environment.

To our knowledge, our study is the first to examine both
racial variation in PAC/Rehab destination and subsequent risk
of readmission by PAC/Rehab setting using a single sample of
TKA recipients. However, the specific contribution PAC/
Rehab setting to the risk of readmission has been documented
in prior joint replacement studies. Similar in part to the present
analysis, articles by Bini et al*’ and Ramos et al.*® examined
readmission rates for patients who underwent primary joint
replacement surgery and were discharged to either institutional
or home-based rehabilitation settings. Consistent with our
results, both analyses found higher risk for readmission in
patients who received SNF or IRF care compared to those dis-
charged home with healthcare services.

As noted in both Bini et al?® and Ramos et a1,30 there is
potential for PAC/Rehab readmission findings to be con-
founded by indication: As institutional rehabilitation facilities
typically serve patients with the greatest needs for supervised
care,”! it is a reasonable expectation that IRF and SNF patients
would be readmitted to acute care hospitals at higher rates than
patients discharged home. A major contribution of our study is
the use of propensity-adjusted analysis to balance key factors—
such as patient age and comorbidity score—that were different
between PAC/Rehab patient groups (in effect, mimicking the
setting of a randomized, clinical trial).'? Although administra-
tive data do not provide adequate detailed information to exam-
ine all of what shapes clinical decisions on where patients are
discharged after surgery, the marked difference in readmission
rates between those who received IRF or SNF care and those
who went home in our analysis cannot be entirely explained
by differences in patient care needs.
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There are important limitations to consider when interpret-
ing the results of our study. First, the present analysis used a
large administrative database that was designed for hospital
performance assessment but contains inadequate information
on potential confounding variables including body mass index,
preoperative pain, function, and radiographic severity. Second,
our sample consisted of only patients who underwent surgery
and postacute rehabilitation in the Commonwealth of Pennsyl-
vania. Our conclusions may not be readily extrapolated to other
regions or states of the country, as there is significant regional
variation regarding the rates of TK As performed.*? Fourth, it is
conceivable that coincident geographic variation in available
PAC/Rehab facilities and clustering of patient subgroups by
race may play a role in the chosen level of care postdischarge.
As many AA patients dwell and receive care in Pennsylvania’s
large, urban metropolitan areas, it is possible that these patients
consider or are offered different rehabilitation scenarios than
their rural counterparts, which could affect our results. Finally,
there is recent evidence which suggests that some patients
(approximately 4%)** receive multiple levels of PAC/Rehab

Appendix A
Diagnostic codes for complications™

Table Al. ICD-9 Codes.

services during an episode of care.* The degree to which this
potential crossover effect may have impacted our finding is
unknowable yet must be considered in any interpretation of our
findings.

Conclusion

The present study found that AA patients who underwent pri-
mary elective TKA across 169 Pennsylvania hospitals were
more likely to utilize SNF and IRF compared to white patients
and that discharge to institutional scenarios for rehabilitation
entails greater odds of 30-day readmission compared to patients
discharged home. Future prospective studies should evaluate the
criteria currently used by providers and patients to form deci-
sions about postacute setting after TKA and how patient race
impacts this process. More work needs to be done to investigate
why patients discharged home with home health or self-care are
less likely than those admitted to IRF or SNF to be readmitted to
an acute care hospital within 30-days after elective TKA.

VTE

415.1, 415.11, 415.19, 451.11, 451.19, 451.2, 451.81, 451.9, 453.40, 453.41, 453.42, 453.8, 453.9

Mi 410.00, 410.01,410.10,410.11,410.20,410.21, 410.30, 410.31, 410.40, 410.41, 410.50, 410.51, 410.60, 410.6,
410.70,410.71,410.80,410.81,410.90,410.91, additional code of 997 with any of the above for postoperative Ml
Prosthetic device complication 996.40, 996.41, 996.42, 996.43, 996.46, 996.47, 996.49

Surgical wound infection

682.5, 682.6, 682.8, 682.9, 998.51, 998.59

Abbreviations: ICD-9, International Classification of Diseases, Ninth Revision; MI, myocardial infarction; VTE, venous thromboembolism.
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