
Hospital referral to skilled nursing facilities and readmission
rates after heart failure or myocardial infarction

Jersey Chen, MD MPH, Joseph S. Ross, MD MHS, Melissa D.A. Carlson, PhD, Zhenqiu Lin,
PhD, Sharon-Lise T. Normand, PhD, Susannah M. Bernheim, MD MHS, Elizabeth E. Drye,
MD SM, Shari M. Ling, MD, Lein F. Han, PhD, Michael T. Rapp, MD JD, and Harlan M.
Krumholz, MD SM
Section of Cardiovascular Medicine, Department of Medicine, Yale University School of Medicine,
New Haven, Connecticut (J.C., H.M.K.), Department of Internal Medicine, Yale University School
of Medicine, New Haven, Connecticut (J.S.R., S.B.), Brookdale Department of Geriatrics and
Palliative Medicine, Mount Sinai School of Medicine, New York, New York (M.D.A.C.),
Department of Health Care Policy, Harvard Medical School and Department of Biostatistics,
Harvard School of Public Health, Boston, Massachusetts (S-L.T.N.), Center for Outcomes
Research and Evaluation, Yale-New Haven Hospital, New Haven, Connecticut (Z.L., S.B., E.E.D.
H.M.K.), Robert Wood Johnson Clinical Scholars Program, Department of Medicine; and the
Section of Health Policy and Administration, School of Public Health, Yale University School of
Medicine, New Haven, Connecticut (H.M.K.), Centers for Medicare and Medicaid Services,
Baltimore, MD (S.M.L., L.F.H., M.T.R.)

Abstract
Background—Substantial hospital-level variation in the risk of readmission after hospitalization
for heart failure (HF) or acute myocardial infarction (AMI) has been reported. Prior studies have
documented considerable state-level variation in rates of discharge to skilled nursing facilities
(SNFs) but evaluation of hospital-level variation in SNF rates and its relationship to hospital-level
readmission rates is limited.

Methods—Hospital-level 30-day all-cause risk-standardized readmission rates (RSRRs) were
calculated using claims data for fee-for-service Medicare patients hospitalized with a principal
diagnosis of HF or AMI from 2006-2008. Medicare claims were used to calculate rates of
discharge to SNF following HF-specific or AMI-specific admissions in hospitals with ≥25 HF or
AMI patients, respectively. Weighted regression was used to quantify the relationship between
RSRRs and SNF rates for each condition.

Results—Mean RSRR following HF admission among 4,101 hospitals was 24.7%, and mean
RSRR after AMI admission among 2,453 hospitals was 19.9%. Hospital-level SNF rates ranged
from 0% to 83.8% for HF and from 0% to 77.8% for AMI. No significant relationship between
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RSRR after HF and SNF rate was found in adjusted regression models (p=0.15). RSRR after AMI
increased by 0.03 percentage point for each 1 absolute percentage point increase in SNF rate in
adjusted regression models (p=0.001). Overall, HF and AMI SNF rates explained <1% and 4% of
the variation for their respective RSRRs.

Conclusion—SNF rates after HF or AMI hospitalization vary considerably across hospitals, but
explain little of the variation in 30-day all-cause readmission rates for these conditions.

Keywords
heart failure; acute myocardial infarction; skilled nursing facilities; readmission; hospitals; health
services research

Background
Referral to skilled nursing facilities (SNFs) for recuperative care after hospitalization has
risen dramatically.[1] Patients are thought to benefit from more intensive monitoring and
treatments that SNFs provide relative to other post-acute care options. Because inadequate
medical follow-up after hospital discharge is hypothesized to be a major reason for
avoidable readmissions,[2] optimizing the use of SNFs may serve as a potential strategy for
reducing rehospitalizations.[3, 4] Evaluating the relationship between SNF referral and
readmission risk at the hospital level will become increasingly important as the Center for
Medicare and Medicaid Services (CMS) and other health insurers are considering reducing
reimbursements to hospitals with high readmission rates.[5]

However, it is unclear whether hospitals with high rates of patients discharged to SNFs have
lower readmission rates compared with hospitals with low SNF rates. Furthermore, while
state-wide variation in SNF use has been observed,[1] our understanding of hospital-level
variation is limited. Accordingly, we conducted a study using Medicare data to address two
specific aims: 1) to examine hospital-level variation in rates of patients discharged to SNFs
across the United States, and 2) to examine the relationship between hospital-level SNF
rates and 30-day readmission rates (RSRRs). We evaluated SNF rates and risk-standardized
readmission rates for two key illnesses—heart failure (HF) and acute myocardial infarction
(AMI)— two diagnoses targeted as priority conditions for readmission reductions by the
2010 Patient Protection and Affordable Care Act.[5]

Methods
Data Sources

We obtained a 100% sample of the Standard Analytical Files of Medicare Part A fee-for-
service inpatient claims from January 1, 2006 to December 31, 2008 from the Centers for
Medicare and Medicaid Services (CMS), which included patient-level data on
demographics, and diagnosis codes using the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) for hospitalizations billed under fee-for-service
Medicare. We also obtained a 100% sample of Medicare SNF administrative claims for the
corresponding time period which included patient-level data on demographics, dates of
service, and ICD-9-CM diagnosis codes for each SNF encounter billed under fee-for-service
Medicare.

Study Sample
The study population included Medicare fee-for-service patients aged 65 years or older
hospitalized with a principal discharge diagnosis of HF (ICD-9-CM codes 402.01, 402.11,
402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, or 428.xx) or AMI (ICD-9-CM
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codes 410.xx, excluding codes with 410.x2 which indicate non-acute events). The study
cohort consisted of patients with 1) complete Medicare fee-for-service claims history for 12
months prior to index HF or AMI hospitalization in order to fully ascertain comorbidities,
and 2) at least 30 days of Medicare fee-for-service enrollment post HF or AMI discharge in
order to fully ascertain readmission outcomes. Patients who were discharged alive within the
first day of admission were excluded due to concerns about the accuracy of the diagnosis.
To calculate stable estimates of hospital-level SNF rates, the study cohort was limited to
patients admitted to hospitals with at least 25 HF or AMI patients, respectively, who were
discharged alive from their index admission. Because we wanted to examine outcomes of
typical HF patients, we excluded patients with a prior history of heart transplantation
(ICD-9-CM procedure code 37.51) or mechanical circulatory support such as left ventricular
assist devices (ICD-9-CM procedure codes 37.52-37.54, 37.62-37.68).

Risk-Standardization Readmission Rate (RSRR)
The primary outcomes were hospital-level risk-standardized readmission rates (RSRRs)
representing readmissions for any reason within 30 days of discharge for HF or AMI.
RSRRs were calculated using statistical models currently employed by CMS and endorsed
by the National Quality Forum. The CMS models are publicly available and perform
comparably to models based on clinical data abstracted medical record.[6, 7] Briefly, the
RSRR model after HF contains 2 demographic, 12 cardiovascular, and 29 comorbidity
variables; the RSRR measure after AMI contains 2 demographic, 13 cardiovascular, and 16
comorbidity variables. Concurrent cardiovascular and comorbid conditions were ascertained
from Medicare Part A (i.e., inpatient and hospital outpatient data) and Medicare Part B (i.e.,
physician office outpatient data).

Skilled Nursing Facility (SNF) Rate
Patients discharged to SNF were identified by linking to Medicare SNF administrative
claims through unique patient identifiers. Patients were considered as discharged to SNF if
they entered a SNF on the same day or the subsequent day after discharge from
hospitalization for HF or AMI. Hospital-level SNF rates were calculated by dividing the
number of patients discharged to SNF in a given hospital by the overall denominator of HF
or AMI admissions of patients who survived the hospitalization.

Hospital characteristics
Hospital characteristics were ascertained by linking the Medicare hospital provider number
in the claims to the 2008 American Hospital Association Survey of Hospitals database.
There were 153 and 83 hospitals not matched with AHA data which were excluded from the
HF and AMI analyses, respectively; the relationship between RSRR and SNF rates in
excluded hospitals were consistent with the primary analysis for both HF and AMI.

Statistical Analysis
Patient characteristics, hospital characteristics, and RSRRs were compared across quintiles
of hospital SNF discharge rates using chi-squared tests for categorical variables and analysis
of variance for continuous variables. We developed regression models of the relationship
between hospital-level RSRRs (represented as percentage points, e.g. 15.0%) and SNF rates
(represented as percentage points, e.g. 30%) weighted by hospital volume of HF or AMI
patients. Linear and linear-log models were examined with comparable results; we present
findings from the linear models. The explained variation between SNF rate and RSRR was
represented by R2. Additional models were evaluated to assess whether the relationship the
relationship between SNF rate and RSRR would change after adjusting for hospital
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characteristics described above. All analyses were conducted using SAS statistical software
(version 9.1.3; SAS Institute Inc, Cary, North Carolina).

Results
Heart failure

1,347,425 patients were discharged alive after HF hospitalization in 4,101 hospitals with
≥25 patients over the study period. The cohort had mean age of 80.5 years, was 56.7%
female, and 15.8% of non-white race. Common comorbidities included coronary artery
disease (CAD), arrhythmias, diabetes, and valvular disease. (Table 1) 273,903 (20.3%) HF
patients were discharged to SNF. HF patients entering SNFs were more likely to be
readmitted within 30 days compared with patients not referred to SNF (28.2% v 23.7%,
p<0.001)

The HF cohort was predominately treated in non-profit non-teaching medical centers located
in non-rural settings. (Table 2) The mean hospital SNF rate was 22.5% (SD 10.9) with
variation in SNF rates ranging from 0 to 83.8%. (Table 3) Hospitals in the highest quintile of
SNF rate after HF were most likely to be non-teaching facilities, without on-site facilities for
cardiac procedures, with smaller bed size. (Table 2)

Patients admitted to hospitals in the highest quintile of SNF rates were likely to be older,
female, and of white race compared with the lowest quintile (p<0.0001). (Table 1) There
were significantly fewer patients of black or other race in the highest quintile of SNF rates
compared with the lowest quintile (p<0.0001) Patients in hospitals in the highest quintile of
SNF rates were more likely to suffer from certain non-cardiac comorbidities (e.g.
depression, dementia, decubitus ulcers), but in general, differences across SNF quintiles was
5 percentage points or less. (Table 1)

The mean 30-day RSRR after discharge for HF was 24.7 (SD 2.0) and ranged from 17.0 to
33.2. (Table 3) The R2, representing explained variation between SNF rate and RSRR, was
very low at 0.009. In a regression model adjusting for hospital characteristics, we observed
no significant relationship between SNF rate and RSRR (p=0.15). (Figure 2)

Acute Myocardial Infarction
539,869 patients were discharged alive after AMI hospitalization in 2,453 hospitals with
≥25 patients over the study period. The cohort had mean age of 78.8 years, was 50.4%
female and 11.1% of non-white race. Common comorbidities for these AMI patients
included CAD, history of HF, prior AMI, and vascular disease. (Table 4) 103,961 (19.3%)
AMI patients were discharged to SNF. AMI patients entering SNFs were more likely to be
readmitted within 30 days compared with patients not referred to SNF (27.8% v 17.9%,
p<0.001)

Similar to HF, the AMI cohort was predominately treated in non-profit non-teaching
medical centers located in non-rural settings. (Table 5) The mean hospital SNF rate was
24.1% (SD 13.0) with variation in SNF rates ranging from 0 to 77.8%. (Table 6) Hospitals
in the highest quintile of SNF rate after AMI were most likely to be smaller bed-size non-
teaching facilities, without on-site facilities for cardiac procedures. (Table 4)

Patients admitted to hospitals in the highest quintile of SNF rates were likely to be older,
female, and of white race compared with the lowest quintile (p<0.0001). (Table 4) There
were significantly fewer patients of black or other race in the highest quintile of SNF rates
compared with the lowest quintile (p<0.0001) Patients in hospitals in the highest quintile of
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SNF rates were significantly more likely to have comorbidities such as HF, anemia, history
of infection, pneumonia, or dementia. (Table 4)

Overall, the mean 30-day RSRR after AMI was 19.9, (SD 1.3) and ranged from 15.3 to 25.2.
The weighted correlation between SNF rate and RSRR after AMI was low, with an R2 of
0.04. In adjusted regression models, a very small relationship was observed with 0.03
percentage point higher RSRR after AMI with each percentage point increase in SNF rate (p
<0.001), (e.g. a difference in SNF rate from 24.1% to 25.1% was associated with a
difference in RSRR from 19.90% to 19.93%) (Figure 4).

Discussion
Our analysis demonstrated substantial hospital-level variation in rates of patients discharged
to SNFs for Medicare patients hospitalized for AMI and HF. However, this variation was
not, in turn, associated with clinically important differences in RSRRs.

Prior studies have demonstrated an unclear relationship between SNF care and readmission
risk. Some patient-level studies[3, 4] reported that SNF care was associated with lower risk
of readmission after HF, while a recent analysis of Medicare patients [8] found HF patients
discharged to SNF had higher readmission rates. Our study found that higher hospital-level
SNF rates were not correlated with lower RSRRs after HF admission, while for AMI
hospitals with higher SNF rates were statistically associated with higher readmission rates;
however, this relationship was small as SNF rates explained little (<4%) of the variation in
RSRR after AMI.

Our use of hospital-level rather than patient-level analysis is unique in that it provides
insight as whether a higher intensity of SNF referral can severe as a viable strategy for
globally reducing readmission for HF and AMI. A hospital-level approach also answers the
question of whether hospitals with limited access to SNF care are systematically
disadvantaged in the CMS readmission measures for HF and AMI. The policy implication is
that many hospitals appear to achieve low RSRRs regardless of high or low SNF rates, a
finding of importance to hospitals, given that recent legislation will eventually reduce
reimbursement to hospitals with excess readmission rates.[9] While we acknowledge that
our study design is not able to prove causality (or lack of causality) between SNF rates and
RSRR, our findings illustrate that low RSRRs after either HF or AMI can be attained by
hospitals across a range of SNF rates, implying that the CMS readmission measures for HF
and AMI are not systematically biased in favor of high or low SNF referring hospitals.

Several reasons may explain the lack of relationship between hospital SNF rates and RSRR
for HF patients. First, SNFs likely vary in their readmission policies and on-site capabilities;
some SNFs may prioritize for keeping patients out of the hospital while others have may
favor readmitting patients with the slightest clinical complications. Second, SNF referral
may not be closely related to RSRR if there were substantial variation in SNF quality. SNFs
vary in quality in terms of mortality, development of pressure ulcers, and use of physical
restraints.[10] If lower quality SNFs resulted in more post-hospitalization complications,
this would mute the relationship between SNF rate and RSRR. Third, SNF referral may
based on non-clinical factors such as hospital ownership of a SNF facility or distance to
SNF, [11-14] obscuring the relationship between SNF care and readmission risk. Lastly,
hospitals with low use of SNFs may employ other mechanisms to ensure that patients
received adequate follow-up after discharge, such as home-health aides or visiting nurses,
allowing these hospitals to achieve low RSRRs.

That higher SNF rates were associated with slightly higher RSRRs after AMI merits further
discussion. AMI patients discharged from hospitals in the highest SNF quintile appeared to
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have more comorbidities, and may have been more medically complex, leading to a positive
association between SNF rates and RSRR from residual confounding. Nevertheless, the
relationship between increasing SNF rates and higher RSRR after AMI had limited
explanatory power, implying that the impact of patient complexity was likely small. In
contrast, for HF patients the differences in comorbidity between hospitals in the highest and
lowest quintiles of SNF use was ≤5 percentage points; as such, one would not expect that
higher SNF rates would be associated more medically complex patients that lead to higher
RSRRs.

In our study, black and other non-white patients were more likely to be admitted to hospitals
with lower SNF rates. This is consistent with a recent study examining racial differences in
30-day readmission after HF and AMI hospitalization in Medicare patients[15] where part of
the higher risk of readmission for blacks was related to whether a hospital was
predominately minority-serving, even after adjusting for discharge to SNF. These findings
are consistent with our study suggesting that factors other than SNF use explain the
differences in readmission rates between white and minority patients.

Our hospital-level analysis found almost no correlation between higher SNF rates and lower
RSRR, suggesting there may be inefficiencies in the current use of SNF. However, one
should not conclude from our findings that individual patients would not benefit from SNF
care after HF or AMI hospitalization. Future studies using patient-level analysis of medical
chart data would be better suited towards identifying particular patients would benefit from
SNF care to reduce readmission risk. While we speculate that differences in quality of SNF
care may explain the lack of relationship with readmission, additional work is needed to
evaluate specific interventions for improving care surrounding the transition between
hospitals and SNF.[16]

Our study was limited by its use of administrative data for case-mix adjustment. However,
studies have shown that hospital-level estimates of risk-standardized readmission rates after
HF or AMI hospitalization are similar whether derived from administrative claims or
clinical data. [6, 7] Second, generalizing our findings to medical conditions other than HF
and AMI may be limited. Third, we examined a cohort of elderly patients covered under fee-
for-service Medicare; results from younger populations or different health insurances may
differ. Lastly, data on the SNF characteristics regarding on-site facilities and staffing were
not available.

A strength of our study is that we determined SNF use using Medicare SNF billing claims
rather than hospital discharge disposition codes as in previous studies. [3, 4] The accuracy of
discharge disposition recorded in hospital billing data has been estimated to be as low as
80%,[17] and as such SNF billing data provides a more accurate representation of a SNF
episode given financial implications for reimbursement.

Conclusion
In conclusion, our study found considerable variation in hospital use of SNF referral for
Medicare patients discharged for HF and AMI in contemporary medical practice. No
significant relationship between hospital-level readmission rates and SNF rates was detected
for HF patients after adjustment for hospital characteristics. There was a weak positive
relationship between SNF rates and readmission rates for AMI patients; however, SNF rates
explained less than 4% of the variation in readmission rates after AMI. Hospitals achieving
low readmission rates for their HF and AMI patients had both high and low use of SNF.
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Figure 1.
30-day heart failure risk-standardized readmission rate by skilled nursing facility rate
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Figure 2.
30-day acute myocardial infarction risk-standardized readmission rate by skilled nursing
facility referral rate
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