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Since 2012, the Hospital Readmission Reduction Program? within the Patient Protection and
Affordable Care Act? began holding hospitals accountable for higher-than-expected 30-day
readmission rates following hospitalization for certain medical conditions.3 4 In fiscal year
2015, total knee arthroplasty (TKA) was added to the readmission reduction program. TKA
along with total hip replacements are the only conditions in the current program with a high
concentrations (87%) of post-acute care use.® In 2013, the Patient Protection and Affordable
Care Act also initiated the Bundled Payments for Care Improvement program.2 6 This
national initiative examines 30-, 60- or 90-day episodes of care and includes all cost of
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services within the stated time periods.® Unlike the Bundled Payment program, which is a
voluntary participation program, the Centers for Medicare and Medicaid Services (CMS)
included joint replacement into the bundling initiative through the Comprehensive Care for
Joint Replacement (CJR) model, which was implemented on April 1, 2016.7: 8 These policy
changes have resulted in a critical need to examine ways to improve the efficiency of
continuity of care among acute and post-acute providers and reducing complications that
result in unplanned hospital readmissions.? It would be helpful to know if the rates and
causes of readmission differ based on the patient’s initial post-acute discharge setting.10

More than 600,000 TKA procedures are performed yearly in the United States, making TKA
one of the most commonly performed major surgical procedures.}1 TKA, both primary and
revision procedures, are expected to drastically increase in frequency during the upcoming
decades due to the rapidly growing aging population.12 Post-acute care following TKA
encompasses several types of health care services at both institutional and community-based
settings, all of which aim to provide health and rehabilitative services for recovery and
functional restoration.13 Post-acute services are available through skilled nursing facilities
(SNF), inpatient rehabilitation facilities (IRF), home health agencies, long term acute care
hospitals, and outpatient rehabilitation centers.13 The projected growth, coupled with the
inclusion of TKA in several different policy implications (payment bundling, CJR)1-2:5-7
highlights the need to examine the effects of post-acute discharge setting on readmission
rates following TKA.14

Previous research indicates that TKA patients who discharge home have lower 30- and 90-
day readmission rates than those who discharge to IRF or SNF settings.14-17 Commonly
cited reasons for hospital readmission at 30 or 90 days include problems associated with the
joint replacement procedure itself (infection or joint stiffness)!6: 18-21 or respiratory or
cardiovascular events.®: 20 Other reported clinical factors increasing 30- or 90-day
readmission include longer hospital length of stay, general anesthesia, blood transfusions,
increased comorbidity, rheumatoid arthritis, venous thromboembolism and urinary tract
infections.21-23 Overall readmission rates among Medicare beneficiaries regardless of
diagnosis are reported to be 19.6% within 30 days and 34.0% within 90 days.3 Readmission
following TKA are reported to range from 3.4% to 6.6% over 30 days and 3.5% to 15.6%
over 90 days.® 19-21. 23 However, these results are coming from studies with relatively small
samples or did not include all commonly used post-acute settings.14-17

To address these gaps and advance the evidence for readmissions among patients with a
TKA, this study has two objectives: first, identify predictors of 30-day unplanned
readmission following TKA among Medicare beneficiaries; and second, examine
readmission rates and common reasons for readmissions up to 90 days following discharge
to the three primary post-acute settings: IRF, SNF and community.

Study Design

This study was a secondary analysis of Medicare claims data for 2009-2011. We used the
Medicare Provider Analysis and Review (MedPAR) files linked with the enrollment
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indicator files. To examine the number of times a patient was readmitted in the previous year
as a covariate, a retrospective observation period of one-year was performed using 2008
data. Further, to examine 90-day readmission following hospitalization discharge, only those
patients who received a primary TKA (unilateral or bilateral) and were discharged from an
acute care hospital between January 1, 2009 and September 30, 2011 were included. We
included only Medicare beneficiaries aged = 66 years at the index hospitalization and those
enrolled in a fee-for-service plan. TKA procedures were identified using the /nternational
Classification of Diseases, Ninth revision, Clinical Modification (ICD-9-CM) procedure
code of 81.54.24 Bilateral procedures were identified using the TKA 81.54 procedure code
listed under two surgical procedure code columns for a single stay in the MedPAR files. This
study was approved by the University’s Institutional Review Board and a data use agreement
was established with the CMS prior to the study.

Sample preparation

In all, 963,438 patients met the initial inclusion criteria. We excluded patients who were
enrolled in a Health Maintenance Organization (HMO) at any time during the study period,
died during initial hospitalization, had missing data on patient or clinical characteristics, had
other than elective or traumatic reasons for admission or were discharged to a setting other
than the three post-acute settings (IRF, SNF, and HHA) or community. Following
exclusions, 63% of the original sample was included in the univariate analysis, frequencies
and reasons for readmission and 90-day survival analysis. An additional 0.1% who died
within 30 days of their index stay was excluded in the logistic modeling for 30-day
readmission. Figure 1 shows a graphical representation of the study’s inclusions and
exclusion criteria and results.

Outcome Measures

Readmissions were indicated if a patient had a claim for an unplanned acute hospital stay in
the MedPAR within the specified timeframes (30, 60 or 90 days) following discharge from
the index stay for TKA. Unplanned readmissions were coded using the methodology from
CMS’ hospital-wide readmission measure.2> The variable was coded as a dichotomous
(yes/no) variable for the 30-day readmission logistic regression analysis. Days to
readmission were also recorded and used along with the dichotomous indicator variable for
the 90-day readmission survival analysis. Reasons for hospital readmission were obtained
using the Medicare Severity-Diagnosis Related Groups (MS-DRG) diagnostic codes in the
MedPAR files.

Independent variable

The discharge setting variable included the three post-acute settings following TKA: SNF,
IRF and community. Two categories, SNF and IRF, are distinct categories in the discharge
setting variable of the MedPAR.2% The community category included home with or without
home health care. All other settings were excluded.
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Demographic Information

Age and sex were obtained from the MedPAR. Age was categorized (6670, 71-80, = 81
years) for the descriptive table and used as a continuous variable for the regression
modeling. Race/ethnicity was extracted from the enrollment indicator files using the variable
developed by the Research Triangle Institute (RT1).2” Non-Hispanic white, non-Hispanic
black and Hispanic were coded directly from the original source variable. Individuals listed
as Asian/Pacific Islander, American Indian/Alaska Native, Unknown, and Other were re-
coded as “other” for the analyses. The original reason for Medicare benefits was also
extracted from the enrollment indicator; we coded this as a dichotomous variable indicating
disability as the original reason for entitlement or not (yes/no).

Clinical Characteristics

The Charlson Comorbidity Index (CCI) was used to control for comorbidity burden during
the hospital stay.28 This index quantifies health status by examining ICD-codes related to 17
medical conditions.28: 29 The comorbidity index was categorized into a 3-level (0, 1, > 2)
variable based on the sum of conditions listed for a given patient. Hospital length of stay was
categorized (1-2, 3-4, = 5 days) for the descriptive table and maintained as a continuous
variable for regression analysis. The number of times a patient was admitted to a hospital
over the year prior to the index admission date was also categorized (0, 1, = 2) for the
descriptive analysis and used as a continuous variable for the regression analysis. Other
clinical variables included in this analysis include number of days (0, = 1) in the intensive
care unit (ICU), surgery type (unilateral, bilateral), and admission type (elective, traumatic)
for the TKA intervention. Traumatic admissions were coded using the MedPAR variables of
emergent, urgent or traumatic.

Facility Volume

Previous studies found associations between facility TKA volume and patient outcomes of
functional status, mortality rates and post-operative complication rates.30-33 For this study,
hospital-level TKA volumes were aggregated from the annual number of claims in the
MedPAR and categorized into quartiles (1-19, 20-58, 59-137, = 138) for analysis.

Statistical Analysis

Demographic, clinical and facility volume were stratified by post-acute discharge setting to
highlight the differences in the patient populations. In addition, these characteristics were
stratified by 30-day readmission (yes/no) for the entire sample. Differences in readmission
rates across categories of patient characteristic variables were assessed via observed rates
and estimated 95% confidence intervals (Cls).34 Rates with 95% Cls that did not overlap
were considered to be statistically different. Fully adjusted logistic regression was performed
in order to assess the independent effects of post-acute discharge setting on 30-day
readmission after controlling for age, gender, race/ethnicity, disability entitlement, surgery
type, admission type, number of times a patient was admitted to a hospital within the
previous year, hospital length of stay, number of ICU days, discharge setting, Charlson
Comorbidity Index and hospital TKA volume. Non-readmission was used as the referent
category.
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Cox proportional hazards models were used to assess the independent effects of discharge
setting in predicting time-to-readmission over 90 days following the initial TKA procedure,
after controlling for all the covariates. Patients not readmitted within 90 days were censored
at the 90-day point. Patients who either died or enrolled in an HMO prior to being
readmitted were censored at those respective time points. Kaplan-Meier curves were used to
assess the proportion of first time hospital readmissions of patients from each discharge
setting at the 30-, 60- and 90-day time points. Groups were compared using a log-rank test
with a p < .05 indicating statistical significance.

To examine the reasons for hospital readmission, the top 10 MS-DRGs were identified at the
30-, 60- and 90-day time points and stratified by post-acute discharge setting. Readmissions
for TKA, representing a staged bilateral procedure, within the readmission period were not
counted as a condition of readmission following the index stay. All analyses were performed
using SPSS version 23 (IBM Corp., Armonk, NY).

The mean age of the sample was 74.4 (SD 6.0) years. A majority of the patients were female
(64%) and white (89%). A total of 32,226 patients were readmitted within 30 days. Patients
with disability entitlement comprised 7.8% of the sample. Unilateral TKA encompassed
96% of the procedures. Over 94% of the patients received an elective TKA procedure. The
average number of admissions in the previous year was 0.3 (SD 0.6). The average length of
stay in acute hospitals was 3.4 (SD 1.5) days. Most (96%) patients did not have any days in
the 1ICU during their hospitalization. Less than 1% of patients died within 90 days following
their initial hospitalization. More than half (56%) of the patients were discharged to the
community following TKA with 32% and 12% discharging to SNF and IRF, respectively.

Patient characteristics stratified by hospital discharge setting are shown in Table 1. Older
patients with more comorbidities, more prior acute stays and longer lengths of stay were
more likely to be discharged to IRF or SNF than to community. In addition, those with
bilateral procedures were much more likely to be discharged to IRF than to either SNF or
community.

Table 1 also shows 30-day readmission rates stratified by patient demographic and clinical
characteristics. Using non-overlapping 95% confidence intervals as the criterion, numerous
variables were significantly associated with 30-day readmission. Readmission increased
with advanced age. Males were more likely to be readmitted than females. Regarding race/
ethnicity, black patients experienced the highest readmission rates and were the only group
significantly different from whites. Patients with disability entitlement were more likely to
be readmitted than those without. Bilateral surgery was associated with higher readmission
rates than unilateral. Similarly, traumatic admission was associated with higher rates than the
more common elective admission. Patients with > 2 admissions over the prior year were
twice as likely to be readmitted as those with no prior stays. Similarly, patients with > 2
Charlson comorbid conditions were twice as likely to be readmitted as those with none. Our
length of stay categories (1-2 days, 3—4 days and = 5 days) also demonstrated a significant
stepwise increase in readmission risk. Being admitted to the ICU during the hospital stay
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was also associated with substantially higher readmission rates. Interestingly, more than half
(56.1%) of patients who died within 30 days of discharge were readmitted first. Hospital
TKA volume demonstrated a stepwise decrease in readmission rates from the lowest quartile
to the highest. Discharge setting also demonstrated a discernable gradient in readmission
rates from community (4.1%) to SNF (6.9%) to IRF (7.2%).

Table 2 presents the adjusted odds ratios (OR) from the logistic regression analysis for 30-
day unplanned readmission using non-readmission as the referent category. Compared to
community discharge, patients discharged to IRF or SNF had 44% and 40% higher odds of
30-day readmission, respectively. Figure 2 represents the adjusted predicted probability of
30-day readmission by discharge setting (community, SNF and IRF). Patients discharged to
the community had a lower probability of 30-day readmission than those discharged to
either SNF or IRF.

Table 3 shows the adjusted hazard ratios (HR) for the time to first unplanned readmission
within 90 days of hospital discharge. Patients discharged to IRF and SNF had a 48% and
45% higher risk of 90-day readmission, respectively, compared to those discharged to
community.

Figure 3 represents the unadjusted cumulative readmission probabilities for the first
unplanned readmission for both the overall sample and by discharge setting. Overall,
cumulative readmission rates increased over time and readmissions were lower in
community discharges than for IRF or SNF in each time period. The largest increase in
readmissions occurred within 30 days of hospital discharge in each discharge setting. A
significant difference (p < .0001) was found across discharge settings.

Appendices A, B and C present the 10 most common reasons (MS-DRG) for hospital
readmission within each of the three time periods, by discharge setting. Similar MS-DRGs
are observed for all three discharge settings and time categories. In the early (1-30 day)
category, MS-DRG 863 (post-operative or traumatic infections) was the most frequent
readmission diagnosis in all three discharge settings. Other reasons at 1-30 days included
MS-DRGs 603 (cellulitis), 392 (esophagitis, gastroenteritis and miscellaneous digestive
disorders), 176 (pulmonary embolus), 309-310 (cardiac arrhythmias) and 641
(miscellaneous disorders of nutrition, metabolism, fluids, or electrolytes). At 31-60 days,
MS-DRG 863 (post-operative or traumatic infections) remained in the top 5-7 reasons for
readmission in all three settings; however, it did not appear in the 61-90 day period. Reasons
for readmission at 31-60 and 61-90 days showed several other similarities. The primary
reason for readmission at 31-60 and 61-90 days was MS-DRG 392 (esophagitis,
gastroenteritis and miscellaneous digestive disorders) in all settings, except for IRF at 61-90
days, where it was second to MS-DRG 690 (kidney & urinary tract infections). Other codes
included MS-DRG 603 (cellulitis), 312 (syncope and collapse) and other cardiac related or
miscellaneous diagnoses.
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Discussion

Healthcare reform has led to policy changes that hold hospitals responsible for quality
measures, such as 30-day readmission following TKA.1~4 In addition, for lower extremity
joint replacements, CMS is currently implementing the concept of “payment bundling,”
through the CJR initiative, which would cover all acute and post-acute services within 90
days of the initial TKA procedure.? 68 These changes, coupled with the growing trend of
individuals undergoing TKA, highlight a critical need to examine ways to reduce healthcare
costs and improve quality of care for these patients.12: 9. 14

A previous study using 2003-2004 Medicare data found that 20% of all beneficiaries were
readmitted within 30 days and 34% within 90 days following their index hospitalization.3
Also, 10% of those receiving combined knee or hip surgery were readmitted back into the
hospital within 30 days. However, that study did not define which surgical procedures
specifically made up the surgery cohort.3 Based on 100% Medicare data from 1991-2010,
Cram et al. reported that all-cause 30-day readmission following TKA increased from 4% in
1991-1994 to 5% in 2007-2010.11 Using the 100% Medicare data from 2009-2011, our
study examined several patient demographic and clinical characteristics as well as hospital
volume to predict 30-day hospital readmission. Unlike previous studies, our study
emphasized readmission rates and reasons for readmission based on the three most common
post-acute discharge settings following TKA: community, SNF and IRF. We also examined
cumulative rates and the most common reasons for readmission within 90 days.

Using logistic regression, we found 44% and 40% higher odds of 30-day readmission in
patients discharged to IRF or SNF, respectively, compared to those discharged to
community. Few prior studies have examined the effect of post-acute discharge setting on
30-day hospital readmission. Ramos et al. found no significant trend in greater 30-day
unplanned readmission in those sent to IRF compared to a combined variable of SNF or
community.14 Bini et al. examined 90-day hospital readmission using hospital level data and
found that those discharged to a SNF had higher odds of readmission compared to those sent
home.1® A recent study by Kurtz et al. reported that Medicare beneficiaries discharged home
had 25% less risk for 30-day all-cause hospital readmission than those discharged to
inpatient post-acute settings.1” Nonetheless, these studies only provide partial information
regarding the most prevalent discharge settings following TKA and their impact on hospital
readmission, particularly 30-day unplanned readmission in Medicare beneficiaries, which is
the primary quality indicator of the readmission reduction program.!

When looking at cumulative rates over 90 days we found 5.5% (30-day), 7.6% (60-day) and
9.1% (90-day) overall unplanned readmission rates, similar to other recent rates reported
using the Medicare population.1” We also found lower readmission rates for community than
for IRF or SNF at each time point. Other studies examining readmission using non-Medicare
data found overall 3.1% to 4.0% 30-day and 3.5% to 8.0% 90-day unplanned readmission
rates.15 16, 18 These lower rates may be explained by these studies having a younger patient
population (< 65 years), compared to our study of the Medicare population.
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Our time-to-event analysis indicated that those discharged to IRF and SNF had a 48% and
45% greater risk for unplanned hospital readmission up to 90 days, respectively, compared
to those discharged to community. Literature is limited related to 90-day readmission by
discharge settings. Schairer et al. found, in their all-payer sample, that patients who received
either a primary or a revision TKA and were discharged to SNF had a 62% increase in risk
of 90-day unplanned readmission when compared to those discharged to all other settings
combined.1® The higher rate reported by these authors could be due to the inclusion of
revision TKA in their sample and their use of a combined discharge setting variable of IRF
and community.18 In addition, those findings were obtained from a single facility, which
may vary from our nationally representative sample of more than 608, 000 patients in 2,500
acute hospitals.

A secondary objective of this study was to examine the top 10 reasons for readmission by
discharge setting at each (30-, 60- 90-day) time point. Previous literature indicates that
surgical- related infections, cardiovascular events and wound or joint problems are common
reasons for readmission following joint replacement surgery.16: 18 Commonly cited reasons
for hospital readmission at 30 or 90 days include problems associated with the joint
replacement procedure itself (infection or stiffness)!6: 18-21 or respiratory or cardiovascular
events.% 20 Kurtz et al. recently showed that a majority of both 30- and 90-day readmissions
occur for similar reasons: wound or deep infections, atrial fibrillation, cellulitis and abscess,
or pulmonary embolism.1? Our study stratified the 10 most prevalent MS-DRGs by
discharge setting (IRF, SNF and community) and found commonalities at all three discharge
settings and time categories. Gastrointestinal and cardiovascular conditions were observed
for all three time periods and settings. We also found that post-operative infections were
most common within in the first 30 days; however, the prevalence decreased during days 31—
60 and was no longer present at days 61-90. As episodic (bundled) payment programs and
shared accountability initiatives continue to replace the current fee-for-service payment
systems, providers will certainly want to know the common reasons for future hospital
admissions among patient subgroups in order to align the appropriate resources and
personnel to minimize that risk.

This study builds on the current body of knowledge on the rates and causes of readmission
following TKA. The advantages of our study over previous studies include our large and
representative sample from the 100% Medicare files, the use of a standardized comorbidity
index which include 17 conditions,?8 and the inclusion of the three most common post-acute
discharge settings following TKA to determine the relationships between settings and
hospital readmission. This study investigated patient, clinical and facility level variables for
their impact on recent policy changes affecting TKA beneficiaries such as the hospital
readmission reduction program® and the CJR model.”:

We also acknowledge several limitations in our study. Study findings are only generalizable
to Medicare Fee-for-Service beneficiaries 66 years and older. Another limitation is the
potential for coding errors in claims data, which can lead to misdiagnosis, false
identification of complications and comorbidities, or under-reporting of comorbid
conditions.3>-37 While we accounted for comorbidity as an aggregate variable, we did not
account for or examine specific comorbidities or their effect on hospital readmission. We
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differentiated planned from unplanned readmissions using established criteria in the
hospital-wide readmission measure, but we did not try to distinguish potentially preventable
from non-preventable readmissions, which would better reflect opportunities for quality
improvement. Our community outcome variable combines patients discharged with and
without home health recommendations, and does not capture outpatient rehabilitation
services. Lastly, we do not have information on other community based services or the
quality of family support, which may help older adults remain in the community and
avoiding re-hospitalization.

This study adds to our understanding of the rates of and reasons for hospital readmission
following TKA in the Medicare population, specifically the influence of post-acute
discharge setting on readmission. We found community discharge following TKA is
associated with lower odds of 30-day readmission and lower risk of readmission up to 90
days. Also, IRF and SNF show similarly higher trends of readmission. We know from
previous literature that differences in patient functional status, comorbidity and support
systems following TKA38-40 can influence post-acute discharge setting. In turn, these
factors are also associated with readmission risk. Therefore, as the number of TKA
procedures continues to grow!2 and with current initiatives to reduce hospital readmissions
and costs associated with TKA in the Medicare population,!: & more information on the
potential influences of initial discharge setting on reducing readmission risks is needed.
Further studies on functional status, different combinations of comorbidities, and living
situation and/or support systems may improve our ability to identify high-risk patients prior
to discharge. Our current findings can be useful to help healthcare practitioners, hospital
administrators, payers and patients better understand what factors are associated with
hospital readmission following TKA, so as to target modifications to reduce risk.
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Appendix A
Top 10 MS-DRG codes for hospital readmission between 1-30 days by discharge setting.

DRG N % Label

863 879 6.12% Postoperative & post-traumatic infections w/o mcc
176 644 4.48%  Pulmonary embolism w/o mcc

Community 392 560 3.90% Esophagitis, gastrointestinal & miscellaneous digestive disorders w/o mcc
603 455  3.17%  Cellulitis w/o mcc

560 392 2.73%  Aftercare, musculoskeletal system & connective tissue w cc
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DRG N % Label
310 378 2.63% Cardiac arrhythmia & conduction disorders w/o cc/mcc
641 366 2.55% Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc
312 334 233% Syncope & collapse
378 329 2.29%  Gastrointestinal hemorrhage w cc
300 302 2.10% Peripheral vascular disorders w cc
863 707 5.09% Postoperative & post-traumatic infections w/o mcc
603 448  3.22%  Cellulitis w/o mcc
392 438 3.15% Esophagitis, gastrointestinal & miscellaneous digestive disorders w/o mcc
812 427 3.07% Red blood cell disorders w/o mcc
176 352 2.53%  Pulmonary embolism w/o mcc

SNF 378 343 2.47%  Gastrointestinal hemorrhage w cc
641 297 2.14% Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc
560 292 2.10%  Aftercare, musculoskeletal system & connective tissue w cc
871 290 2.09%  Septicemia or severe sepsis w/o mv 96+ hours w mcc
310 288 2.07% Cardiac arrhythmia & conduction disorders w/o cc/mcc
863 205 3.81% Postoperative & post-traumatic infections w/o mcc
310 190 3.53% Cardiac arrhythmia & conduction disorders w/o cc/mcc
176 170 3.16%  Pulmonary embolism w/o mcc
392 166 3.08%  Esophagitis, gastrointestinal & miscellaneous digestive disorders w/o mcc
603 141  2.62%  Cellulitis w/o mcc

IR 309 135 2.51% Cardiac arrhythmia & conduction disorders w cc
641 129 2.40% Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc
312 117 2.17%  Syncope & collapse
378 102 1.90%  Gastrointestinal hemorrhage w cc
812 96 1.78%  Red blood cell disorders w/o mcc

W, With; W/O, Without; CC, Complicating or Comorbid Condition; MCC, Major Complicating or Comorbid Condition;
MV, Mechanical Ventilation.

Appendix B

Top 10 MS-DRG codes for hospital readmission between 31-60 days by discharge setting.

DRG N % Label
392 298 5.51% Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc
310 157 2.90% Cardiac arrhythmia & conduction disorders w/o cc/mcc
176 124 2.29%  Pulmonary embolism w/o mcc
603 121 2.24%  Cellulitis w/o mcc
863 114 2.11% Postoperative & post-traumatic infections w/o mcc
Community
378 106 1.96%  Gastrointestinal hemorrhage w cc
554 106 1.96% Bone diseases & arthropathies w/o mcc
312 100 1.85%  Syncope & collapse
561 100 1.85%  Aftercare, musculoskeletal system & connective tissue w/o cc/mcc
641 99 1.83%  Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc
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DRG N % Label
392 317 4.72%  Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc
603 190 2.84% Cellulitis w/o mcc
690 178 2.65%  Kidney & urinary tract infections w/o mcc
641 159 2.37% Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc
871 144 2.14%  Septicemia or severe sepsis w/o mv 96+ hours w mcc
SNF 863 129 1.92%  Postoperative & post-traumatic infections w/o mcc
310 128 1.90% Cardiac arrhythmia & conduction disorders w/o cc/mcc
372 127 1.89%  Major gastrointestinal disorders & peritoneal infections w cc
176 126 1.87%  Pulmonary embolism w/o mcc
312 118 1.76%  Syncope & collapse
392 119 4.58% Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc
603 72 2.77%  Cellulitis w/o mcc
310 58  2.23% Cardiac arrhythmia & conduction disorders w/o cc/mcc
312 56 2.16% Syncope & collapse
690 55 2.12%  Kidney & urinary tract infections w/o mcc
IRF 292 52  2.00% Heart failure & shock w cc
863 52 2.00% Postoperative & post-traumatic infections w/o mcc
641 51 1.96%  Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc
871 47 1.81%  Septicemia or severe sepsis w/o mv 96+ hours w mcc
309 45 1.73%  Cardiac arrhythmia & conduction disorders w cc

W, With; W/O, Without; CC, Complicating or Comorbid Condition; MCC, Major Complicating or Comorbid Condition;
MV, Mechanical Ventilation.

Appendix C

Top 10 MS-DRG codes for hospital readmission between 61-90 days by discharge setting.

DRG N % Label
392 155 3.86% Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc
310 105 2.61% Cardiac arrhythmia & conduction disorders w/o cc/mcc
378 88 2.19%  Gastrointestinal hemorrhage w cc
176 82 2.04%  Pulmonary embolism w/o mcc
603 74 1.84%  Cellulitis w/o mcc
Community 597 g3 1.69% Heart failure & shock w cc
312 65 1.62%  Syncope & collapse
690 61 1.52%  Kidney & urinary tract infections w/o mcc
287 60 1.49%  Circulatory disorders except acute myocardial infarction, w cardiac
catheterization w/o mcc
641 60 1.49%  Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc
392 178 3.67% Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc
871 127 2.62%  Septicemia or severe sepsis w/o mv 96+ hours w mcc
SNF 603 125 2.58%  Cellulitis w/o mcc
690 120 2.47% Kidney & urinary tract infections w/o mcc
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DRG N % Label

292 110 2.27%  Heart failure & shock w cc

310 84  1.73% Cardiac arrhythmia & conduction disorders w/o cc/mcc

641 82 1.69%  Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc
312 80 1.65%  Syncope & collapse

552 77 1.59%  Medical back problems w/o mcc

293 71 1.46%  Heart failure & shock w/o cc/mcc

690 48 2.59%  Kidney & urinary tract infections w/o mcc

392 46 2.48% Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc
312 40 2.16%  Syncope & collapse

603 38  2.05% Cellulitis w/o mcc

292 34 1.83% Heart failure & shock w cc

IRF

293 34 1.83% Heart failure & shock w/o cc/mecc

481 31 1.67% Hip & femur procedures except major joint w cc

310 29 1.57%  Cardiac arrhythmia & conduction disorders w/o cc/mcc
313 29 1.57%  Chest pain

871 29 1.57%  Septicemia or severe sepsis w/o mv 96+ hours w mcc

W, With; W/O, Without; CC, Complicating or Comorbid Condition; MCC, Major Complicating or Comorbid Condition;
MV, Mechanical Ventilation.
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Initial Sample = 963,438

< 66 years = 119,465 N = 843,973
HMO =215,473 l N = 628,500

Died within 30 days = 862 N = 607,169 for 30-day logistic regression

Figure 1.
Flow chart representing study inclusions and exclusion criteria.
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Results of logistic regression analysis for 30-day readmission.

Table 2

Odds Ratio  95% ClI

Discharge setting (Community = reference)

IRF 1.44 1.39-1.49

SNF 1.40 1.36-1.44
Age 1.04 1.03-1.04
Gender (Female = reference)

Male 1.24 1.22-1.27
Race/Ethnicity (White = reference)

Black 1.12 1.07-1.18

Hispanic 0.99 0.93-1.05

Other 0.95 0.88-1.03
Disability entitlement (No = reference)

Yes 1.41 1.36-1.46
Surgery type (Unilateral = reference)

Bilateral 1.10 1.03-1.16
Admission type (Elective = reference)

Traumatic 1.05 1.00-1.10
# Previous admissions 1.24 1.22-1.25
Hospital length of stay 1.09 1.08-1.10
# days in ICU (0 days = reference) 1.25 1.19-1.31
Charlson comorbidities (0 = reference)

1 1.28 1.25-1.31

>2 1.72 1.66-1.78
Hospital TKA volume (=138 = reference)

1-19 1.21 1.12-1.31

20-58 1.10 1.06-1.14

59-137 1.04 1.01-1.07

*
Target category for readmission outcome = yes.
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Table 3

Results of Cox regression model for readmission within 90 days.

Hazard Ratio  95% CI

Discharge setting (Community = reference) 1.00

IRF 1.48 1.44-1.52

SNF 1.45 1.42-1.47
Age 1.04 1.03-1.04
Gender (Female = reference) 1.00

Male 1.17 1.15-1.19
Race/Ethnicity (White = reference) 1.00

Black 111 1.07-1.15

Hispanic 1.00 0.96-1.04

Other 0.96 0.90-1.02
Disability entitlement (No = reference) 1.00

Yes 1.41 1.38-1.45
Surgery type (Unilateral = reference) 1.00

Bilateral 1.01 0.96-1.05
Admission type (Elective = reference) 1.00

Traumatic 1.06 1.03-1.10
# Previous admissions 1.28 1.27-1.29
Hospital length of stay 1.05 1.05-1.06
# days in ICU (0 days = reference) 1.00

21 1.32 1.27-1.36
Charlson comorbidities (0 = reference) 1.00

1 1.28 1.26-1.30

22 1.73 1.69-1.77
Hospital TKA volume (=138 = reference) 1.00

1-19 1.18 1.12-1.26

20-58 1.09 1.06-1.13

59-137 1.04 1.03-1.07
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SNF3923174.72%Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc6031902.84%Cellulitis w/o mcc6901782.65%Kidney & urinary tract infections w/o mcc6411592.37%Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc8711442.14%Septicemia or severe sepsis w/o mv 96+ hours w mcc8631291.92%Postoperative & post-traumatic infections w/o mcc3101281.90%Cardiac arrhythmia & conduction disorders w/o cc/mcc3721271.89%Major gastrointestinal disorders & peritoneal infections w cc1761261.87%Pulmonary embolism w/o mcc3121181.76%Syncope & collapse
IRF3921194.58%Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc603722.77%Cellulitis w/o mcc310582.23%Cardiac arrhythmia & conduction disorders w/o cc/mcc312562.16%Syncope & collapse690552.12%Kidney & urinary tract infections w/o mcc292522.00%Heart failure & shock w cc863522.00%Postoperative & post-traumatic infections w/o mcc641511.96%Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc871471.81%Septicemia or severe sepsis w/o mv 96+ hours w mcc309451.73%Cardiac arrhythmia & conduction disorders w ccW, With; W/O, Without; CC, Complicating or Comorbid Condition; MCC, Major Complicating or Comorbid Condition; MV, Mechanical Ventilation.Appendix CTop 10 MS-DRG codes for hospital readmission between 61–90 days by discharge setting.DRGN%LabelCommunity3921553.86%Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc3101052.61%Cardiac arrhythmia & conduction disorders w/o cc/mcc378882.19%Gastrointestinal hemorrhage w cc176822.04%Pulmonary embolism w/o mcc603741.84%Cellulitis w/o mcc292681.69%Heart failure & shock w cc312651.62%Syncope & collapse690611.52%Kidney & urinary tract infections w/o mcc287601.49%Circulatory disorders except acute myocardial infarction, w cardiac catheterization w/o mcc641601.49%Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc
SNF3921783.67%Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc8711272.62%Septicemia or severe sepsis w/o mv 96+ hours w mcc6031252.58%Cellulitis w/o mcc6901202.47%Kidney & urinary tract infections w/o mcc2921102.27%Heart failure & shock w cc310841.73%Cardiac arrhythmia & conduction disorders w/o cc/mcc641821.69%Miscellaneous disorders of nutrition, metabolism, fluids/electrolytes w/o mcc312801.65%Syncope & collapse552771.59%Medical back problems w/o mcc293711.46%Heart failure & shock w/o cc/mcc
IRF690482.59%Kidney & urinary tract infections w/o mcc392462.48%Esophagitis, gastrointestinal & miscellaneous digest disorders w/o mcc312402.16%Syncope & collapse603382.05%Cellulitis w/o mcc292341.83%Heart failure & shock w cc293341.83%Heart failure & shock w/o cc/mcc481311.67%Hip & femur procedures except major joint w cc310291.57%Cardiac arrhythmia & conduction disorders w/o cc/mcc313291.57%Chest pain871291.57%Septicemia or severe sepsis w/o mv 96+ hours w mccW, With; W/O, Without; CC, Complicating or Comorbid Condition; MCC, Major Complicating or Comorbid Condition; MV, Mechanical Ventilation.
	Appendix A
	Appendix B
	Appendix C
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

