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Abstract 1 

Objective: To synthesize research comparing post-stroke health outcomes between patients 2 

rehabilitated in skilled nursing facilities (SNFs) and inpatient rehabilitation facilities (IRFs). 3 

Secondly, to evaluate relationships between facility characteristics and outcomes. 4 

Data Sources: PubMed and CINAHL searches spanned January 1, 1998 to October 6, 2016 and 5 

encompassed MeSH and free-text keywords for stroke, IRF/SNF, and study outcomes. Human 6 

and English limits were used. 7 

Study Selection: Observational and experimental studies examining outcomes of adult stroke 8 

patients rehabilitated in an IRF or SNF were eligible. Studies had to provide site of care 9 

comparisons and/or analyses incorporating facility-level characteristics and had to report >1 10 

primary outcome (discharge setting, functional status, readmission, quality of life, all-cause 11 

mortality). Unpublished, single-center, descriptive, and non-US studies were excluded. Articles 12 

were reviewed by one author and when uncertain, discussion with study coauthors achieved 13 

consensus. Fourteen (0.3%) titles were included. 14 

Data Extraction: The types of data, time period, size, design, and primary outcomes were 15 

extracted. We also extracted two secondary outcomes (length of IRF/SNF stay, cost) when 16 

reported by included studies. Effect measures, modeling approaches, methods for confounding 17 

adjustment, and potential confounders were extracted. Data were abstracted by one author and 18 

the accuracy verified by a second reviewer. 19 

Data Synthesis: Two studies evaluating community discharge, one study evaluating predicted 20 

readmission probability, and 3 studies evaluating all-cause mortality favored IRFs over SNFs. 21 

Functional status comparisons were inconsistent. No studies evaluated quality of life. Two 22 
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studies confirmed increased costs in the IRF versus SNF setting. Although substantial facility 23 

variation was described, few studies characterized sources of variation. 24 

Conclusions: The few studies comparing post-stroke outcomes indicated better outcomes (with 25 

greater costs) for patients in IRFs versus SNFs. Contemporary research on the role of the post-26 

acute care setting and its attributes in determining health outcomes should be prioritized to 27 

inform reimbursement system reform. 28 

Keywords: skilled nursing facilities; subacute care; stroke rehabilitation; outcome assessment 29 

(health care) 30 

Abbreviations 31 

Home health agency (HHA); Improving Medicare Post-Acute Care Transformation Act of 2014 32 

(IMPACT); inpatient rehabilitation facility (IRF); long term care hospital (LTCH); Medicare 33 

Payment Advisory Commission (MedPAC); prospective payment system (PPS); skilled nursing 34 

facility (SNF);  35 
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Introduction 36 

Post-acute care costs comprise 10% of the Medicare budget.1 Among all hospital 37 

discharges in the United States in 2013, ~8 million were to post-acute care of which 7% were to 38 

inpatient rehabilitation facilities (IRFs), 40% to skilled nursing facilities (SNFs), 50% to home 39 

with the use of home health agencies (HHAs), and 2% to long-term care hospitals (LTCHs).2 40 

IRFs, SNFs, and LTCHs are characterized by 24-hour nursing and varying intensity of physical, 41 

occupational, and speech therapy services.3,4 Clinical characteristics are similar for a large 42 

proportion of patients rehabilitated in SNFs and IRFs, and in markets with no IRFs, SNFs often 43 

substitute for IRFs.4,5 On average, IRFs are costlier owing to specific regulatory requirements 44 

affecting staffing and therapy provision.6 These requirements (e.g., a reasonable expectation for 45 

participation in and benefit from an intensive rehabilitation program) constitute selection forces 46 

which affect the choice of a post-acute care provider.  47 

In the face of an aging population,7 post-acute care organization and delivery remains a 48 

legislative priority. To combat rising post-acute care costs, Medicare introduced a prospective 49 

payment system (PPS) for SNFs in 1998 and for IRFs in 2002.8 SNF PPS was structured to 50 

reimburse for the quantity of therapy services provided,9 while IRFs remained constrained by 51 

regulatory requirements for staffing and service provision.10 The Improving Medicare Post-52 

Acute Care Transformation Act of 2014 (IMPACT) mandated the Secretary of the Department of 53 

Health and Human Services evaluate the feasibility of shifting from the current system with 54 

separate PPS reimbursement for LTCH, IRF, SNF, and HHA settings to a unified system.11 The 55 

overriding objective of this shift in payment is to base reimbursement on the medical complexity 56 

and the therapy needs of the patient, while mitigating longstanding incentives to provide excess 57 

therapy based in part on site of care distinctions.6  58 
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The Medicare Payment Advisory Commission (MedPAC) has recommended near-term 59 

implementation of a site-neutral payment policy for IRFs and SNFs.12 Despite extensive overlap 60 

in the populations served by SNFs and IRFs,4 minimal evidence is available to distinguish which 61 

settings of care should be preferred for an individual patient. Beyond across setting comparisons, 62 

the role of within setting variation in the type and quality of services provided to patients 63 

represents an understudied consideration for payment reform.  64 

 Developing a thorough understanding of the comparative outcomes within and between 65 

settings of post-acute care is important in the rapidly evolving policy climate. Therefore, the 66 

objectives of this systematic review were twofold. First, we sought to characterize the 67 

relationship between site of rehabilitation (IRF versus SNF) and health outcomes (i.e., discharge 68 

site, functional status, readmission, quality of life, survival, cost, length of stay). Second, we 69 

sought to evaluate the association between facility-level factors and these rehabilitation and 70 

policy relevant outcomes. Considering the extensive heterogeneity of patients’ post-acute care 71 

needs across clinical conditions, we chose to focus on stroke. Stroke is a leading contributor to 72 

the demand for post-acute care in the United States, as 250,000 all-payer discharges occur 73 

annually, with similar proportions discharged to the IRF and SNF settings.2 Since a 2009 74 

Cochrane Review of the effects of site of care on the rehabilitation outcomes of older adults did 75 

not find any clinical trials, controlled before-and-after studies, or interrupted time-series eligible 76 

for inclusion,13 our search was expanded to include all observational study designs. 77 

Methods 78 

Search Strategy 79 
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We aimed to identify all relevant articles published since the SNF PPS was implemented 80 

in July, 1998. A domain-based search strategy encompassed the rehabilitation setting (e.g., IRF 81 

or SNF), disease state (stroke), and outcomes of interest. All authors provided input to develop 82 

the search term strategy. The search string was structured to include MeSH terms and free text 83 

keywords for PubMed, and a parallel search was adapted to include Major Headings and free text 84 

keywords for CINAHL. Supplemental Figure 1 details the search strategy. Searches were 85 

restricted to peer-reviewed research in humans published in English between January 1, 1998 86 

and October 6th, 2016. 87 

Inclusion and Exclusion Criteria 88 

We tracked the eligibility and inclusion of articles using the guidelines from the Preferred 89 

Reporting Items for Systematic Reviews and Meta-Analyses.14 Articles were reviewed by one of 90 

the authors (MA). The eligibility of abstracts and full-text articles was determined in accordance 91 

with a review protocol that pre-specified inclusion and exclusion criteria. In the presence of 92 

uncertainty regarding an article’s eligibility, discussion with study coauthors (KL, CU) achieved 93 

consensus for all manuscripts.  94 

 Observational and experimental studies examining health outcomes of adult (age >18 95 

years) stroke patients (ischemic or hemorrhagic) rehabilitated in either an IRF or SNF were 96 

eligible for inclusion. In pursuit of the dual objectives of comparing between care settings (IRF 97 

vs. SNF) and characterizing facility-level factors driving variation within and between these 98 

settings, eligible studies had to provide site of care comparisons and/or analyses incorporating 99 

facility-level characteristics of the IRF or SNF. Because patients who have suffered from a 100 

stroke may value regaining physical function and quality of life more than prolonging life, we 101 

broadened our search considerations to include health outcomes that may better capture these 102 
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types of outcomes. Eligible studies had to report >1 of the following health outcomes: 1) Site of 103 

care after discharge from the post-acute care setting; 2) Change in physical function from 104 

baseline to a later time point during the post-acute stay or to a point after discharge from the 105 

post-acute care setting; 3) All-cause or cause-specific hospital readmission during or following 106 

the post-acute care stay; 4) Change in quality of life as measured quantitatively by one or more 107 

validated scales during or following the post-acute care stay; and 5) All-cause mortality 108 

measured during the post-acute stay or to a point after discharge from the post-acute care setting. 109 

Single-center studies, case studies/series (n<30), purely descriptive studies, unpublished 110 

research, research in non-United States populations, and studies conducted outside of the IRF 111 

and/or SNF settings were excluded.  112 

For eligible studies, we manually reviewed the references for additional articles not 113 

identified by the database searches. No additional articles were identified from this process. 114 

Data Abstraction 115 

Information was extracted to describe the types of data used, how recent the data were, 116 

size of study, and study design (e.g., clinical trial, cross-sectional, cohort). Many studies used 117 

multiple linked data sources. For this reason, we listed all of the data sources used in the study 118 

and dates of data. To characterize the study size, we extracted the number of facilities and the 119 

number of patients included by site of care. Several data elements were extracted to characterize 120 

the patient population. We decided to report mean age with standard deviation in years and pre-121 

stroke site of residence as we believed these factors would be widely available and most 122 

important to understanding the potential for confounding in research comparing IRFs to SNFs. 123 

Older patients experience worse outcomes after a stroke.15,16 Also, it may be unrealistic to 124 

believe that persons residing in a nursing home before suffering from stroke would return to the 125 
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community. For each study, we extracted the specific health outcomes evaluated and the time 126 

frame during which the health outcomes were measured. While some studies reported a specific 127 

time interval for measurement (e.g., 120 days post admission), others simply reported the length 128 

of follow-up as “at the end of the post-acute stay” or “during the post-acute stay”. We also 129 

extracted two secondary outcomes: length of post-acute care stay and cost. These were included 130 

only when reported by studies which met inclusion criteria and reported a primary outcome.  131 

To develop a list of facility-level factors to extract, we sought guidance from the general 132 

nursing home literature linking facility characteristics to quality outcomes for all nursing home 133 

residents. Disparities in resident characteristics and financial performance between nursing 134 

facilities have been linked to differences in quality measure performance.17 Facility 135 

characteristics (e.g., size, ownership, payer distribution, quality) have been found to be 136 

associated with community discharge and acute hospital readmission from nursing facilities.18,19 137 

Originally, we sought to focus our extraction on these types of factors. However, given the few 138 

studies available evaluating the role of facility-level factors in outcomes for post-stroke patients, 139 

we decided not to restrict our extraction of this facility-level information. 140 

Lastly, because there are different approaches to analyzing data (including choice of 141 

effect measure, adjustment variables, and modeling techniques), we extracted key information 142 

about the statistical analysis for each study. First, we extracted the type of effect measure (e.g., 143 

continuous variable measured by change in function measures, binary variable indicating death 144 

within 90 days). Second, we extracted information regarding the analytic approach (e.g., Cox 145 

model, linear model, logistic model). Third, we extracted the technique used to adjust for 146 

confounding (e.g., covariate adjustment in multivariable model, instrumental variable). Fourth, 147 

we extracted which variables were considered as confounders. We then summarized the results 148 
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of the study findings. We documented the crude values of measures to facilitate comparison 149 

across studies. We also extracted a summary of adjusted findings derived from the study. Often 150 

studies presented a variety of comprehensive analyses. In these cases, we selected a few 151 

summary estimates to give a sense of the range of estimates of effect from the study, rather than 152 

to re-iterate all of the detailed estimates of effect. We did so because our end goal was to provide 153 

a synthesis of findings rather than to conduct a meta-analysis. Lastly, when standard errors were 154 

provided by the original article, we estimated 95% confidence intervals to provide consistency in 155 

reporting across the included studies.  156 

Articles fulfilling all criteria for inclusion were initially abstracted by one author (MA) 157 

and the accuracy of abstracted data was subsequently authenticated by a second reviewer (KL). 158 

Any discrepancies detected by the second review were discussed between the authors and 159 

resolved.  160 

Results 161 

Search Results 162 

 The PubMed and CINAHL searches yielded a total of 4,059 titles after duplicate 163 

removal. Upon elimination of 3,800 titles based upon title review, 259 abstracts and 32 full texts 164 

were reviewed for eligibility. Application of eligibility criteria yielded 14 full-text articles 165 

fulfilling inclusion and exclusion requirements (Figure 1), of which 8 studies compared health 166 

outcomes between patients rehabilitated in SNFs and IRFs,20-27 one of which also assessed 167 

facility characteristics,23 and 6 studies only evaluated relationships between facility 168 

characteristics and health outcomes.28-33 The most common primary reason for exclusion was for 169 

research conducted in non-US settings (n=115; 47.1%).  170 
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Characteristics of Site of Care Studies 171 

Table 1 shows the key characteristics of studies comparing outcomes between sites of 172 

care. The years of data analyzed across the 8 studies spanned 1995 to 2010, with 4 studies 173 

conducted entirely prior to the implementation of IRF and SNF PPS, 3 with intervals overlapping 174 

PPS implementation, and 1 after PPS implementation. Four studies examined populations of 175 

Medicare beneficiaries.20, 22, 24-25 Two studies used a prospective cohort design,24 one was cross-176 

sectional,23 and the remaining studies were retrospective cohort studies.20-22, 25-26 No 177 

experimental studies were found.  178 

Length of follow-up varied with the maximum length of follow-up being 1 year.26 Three 179 

studies defined duration of follow-up as admission to post-acute care until discharge and 5 180 

studies used a set time point (e.g., range: 30 days to 1 year) (Table 1). The total study size varied 181 

with the smallest study including 202 patients,24 and the largest including 156,740 patients.20 The 182 

number of patients included ranged from 66 to 68,906 for IRFs, and the number of patients 183 

included ranged from 29 to 87,844 for SNFs. Among three studies reporting the number of 184 

facilities, the number of facilities ranged from 7 to 631 for IRFs and 10 to 239 for SNFs; other 185 

studies did not report the number but encompassed the universe of Medicare reimbursed 186 

facilities (Table 1). Among the studies reporting age by site of care, the average age of patients 187 

rehabilitated in SNFs ranged from 68.7 years to 81.1 years while the average age of patients 188 

rehabilitated in IRFs ranged from 62.9 years to 77.7 years (Table 1). Four studies reported 189 

baseline functional status by site of care (Table 1). Site of care studies often excluded nursing 190 

home residents,20, 22-24 and where reported the pre-stroke residence for most patients was in the 191 

community.21 Additional patient characteristics were summarized in Supplemental Table 1. 192 

Characteristics of Facility Variation Studies 193 
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 Studies assessing facility-level factors were published using data from 1993-2009, with 2 194 

studies conducted entirely after both SNF and IRF PPS implementation, 1 entirely before, and 3 195 

with intervals overlapping the dates of implementation (Table 2). The six studies only included 196 

patients rehabilitated in the IRF setting. In these studies, the number of included facilities ranged 197 

from 37 to 1,209, with one study not reporting the number of facilities (Table 2). A single study 198 

comparing IRFs and SNFs also reported facility-level factors associated with the outcomes under 199 

investigation.23 200 

Across all 14 included studies, 7 studies did not report the site of patient residence prior 201 

to the acute hospitalization for stroke.25-27, 29-31, 33 
202 

Outcomes: Site of Care Comparisons 203 

Primary Outcomes 204 

 Table 3 shows a summary of the studies reporting comparisons between SNFs and IRFs 205 

for the primary outcomes of interest. Results are sorted by outcome (i.e., discharge site, 206 

functional status, readmission, mortality). No studies evaluated quality of life as an outcome 207 

measure. One of the 8 studies reported results separately for freestanding and hospital-based 208 

IRFs,21 and another separately reported outcomes for inpatient geriatric and inpatient 209 

rehabilitation units.23 In the two studies directly comparing community discharge between IRFs 210 

and SNFs, patients rehabilitated in IRFs were more likely to be discharged to the community 211 

than those rehabilitated in SNFs.22, 23 212 

The functional outcome findings were informed by 4 studies comparing outcomes 213 

between IRF and SNF settings. Larger functional gains were reported in SNFs versus 214 

freestanding IRFs and IRFs within general hospitals in one study,21 while greater functional 215 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 

12 

 

ratings at discharge22 and at 6 months27 were reported among IRF rehabilitated patients relative 216 

to SNF patients in two others; predicted functional gains and actual functional gains were larger 217 

for IRFs than SNFs in the fourth study.24  218 

The single study reporting predicted readmission probability presented results stratified 219 

by race/ethnicity.25 The study found differences in predicted probability of “bounce back” from 220 

IRF or SNF (defined as readmission to emergency department or hospital) by racial/ethnic 221 

groups among those initially discharged to SNF, but found similar predicted probabilities of 222 

readmission for those rehabilitated in IRFs (18% for Whites and Hispanics, 20% for Blacks). 223 

Regardless of racial/ethnic group, predicted probabilities of readmission from IRFs were less 224 

than predicted probabilities of readmission from the SNFs.25 
225 

With respect to all-cause mortality, 3 studies provided comparisons between IRF and 226 

SNF settings. In each study, patients discharged to IRFs were consistently estimated to have 227 

lower adjusted mortality risk than patients discharged to SNFs (Table 3). The 2.6% lower 228 

mortality risk in IRFs versus SNFs estimated using instrumental variable methods was 229 

numerically smaller than the 3% (in black patients) to 6% (in white patients) differences in 230 

predicted probabilities of mortality estimated in another study and a 4.9% difference estimated in 231 

the same study using methods that did not account for unobserved confounders.20, 25 
232 

Secondary Outcomes 233 

Table 4 summarizes comparative studies with respect to length of stay and cost. Two 234 

studies provided comparisons of length of stay between IRF and SNFs, with contradictory 235 

evidence. In a Medicare population, patients cared for in the IRF setting stayed on average 2 236 

days less than in the SNF setting.22 In the Veterans Administration system, shorter lengths of 237 
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stay were observed in patients rehabilitated in SNFs compared with inpatient geriatric and 238 

rehabilitation units.23 The latter study used a SNF definition that included patients cared for in 239 

nursing homes, intermediate care settings, or subacute care wards. Two studies reported the 240 

secondary outcome cost by site of care. Both reported lower costs for SNFs versus IRFs.20, 22 A 241 

$11,261 difference in 120-day post-discharge Medicare payments was reported when the 242 

estimate was adjusted for unobserved confounders using instrumental variable methods and a 243 

$10,368 difference was reported in the same study when only adjusted for observable 244 

characteristics.20 The other study reported consistently lower costs in the SNF setting across 245 

strata of baseline cognitive and functional impairment.22 
246 

Facility-Level Characteristics 247 

 Across all studies a total of 28 facility characteristics were reported, 26 of which were 248 

incorporated into the statistical analysis in at least one study (Table 5). Facility characteristics 249 

evaluated as primary exposures were local area competition,28 rehabilitation team efficacy,33 and 250 

volume of patients.30 Other facility characteristics were included in models as potential 251 

predictors or covariates for adjustment purposes. The volume of facility characteristics identified 252 

was heavily driven by a single study which collected primary data on personnel, coordination of 253 

care, physical facilities, and hospital characteristics.23 An exploratory backwards selection 254 

process identified a few characteristics as significantly associated with community discharge and 255 

length of stay.23 Another study collected primary data on team functioning, management 256 

practices, and physician leadership.33 While this study did report several statistically significant 257 

findings, had Bonferroni corrections been applied, it is unlikely any of the findings would have 258 

achieved statistical significance.33 One study demonstrated a small, but statistically significant 259 

association between prospective payment system payments and reductions in length of stay, 260 
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discharge to home, and functional gains.29 Estimates of effect relating facility factors to study 261 

outcomes are reported in Supplemental Table 2, however the minimal overlap between 262 

characteristic-outcome pairs across studies limits summative interpretation. 263 

Three studies described facility variation. Facility explained 6-7% of variation in 264 

functional gains.30-32 One study estimated that 3.4% of home discharge variation was due to 265 

facility.30 Another study estimated that 7% of variation in functional gains and 13% of variation 266 

in length of stay was attributed to facility (corresponding to 23% and 38% of total explained 267 

variance in functional gain and length of stay, respectively).32 This study noted that over 60% of 268 

variance in health outcomes (length of stay and functional gain) remained unexplained by their 269 

statistical models.32  270 

Discussion 271 

This systematic review represents the broadest compilation to date of research comparing 272 

post-stroke outcomes between institutional post-acute care settings. A 2009 Cochrane Systematic 273 

Review was unable to find eligible studies which compared rehabilitation outcomes between 274 

post-acute care settings.13 Our synthesis of 8 eligible observational studies which compared 275 

outcomes by post-acute site of care generally aligned with the expectation that increased therapy 276 

intensity in the acute IRF setting would yield more favorable rehabilitation outcomes at a higher 277 

cost compared with the subacute SNF setting (Tables 3 & 4). Concerns that differences in care 278 

delivered between care settings other than those due to site of care limited the scope of the 279 

Cochrane review to randomized controlled trials and quasi-experimental designs.13 In contrast, 280 

we believed that understanding variation in health outcomes owing to facility-level phenomena 281 

could be useful to guide the development of regulations, best practice documents, and 282 

reimbursement models that facilitate investment in evidence-based structures and processes. 283 
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Toward that goal, we identified 7 studies which described facility-level variation and evaluated 284 

facility-level factors associated with rehabilitation outcomes in patients with stroke. Our initial 285 

enthusiasm for synthesizing the role of facility characteristics driving health outcomes in post-286 

acute stroke care was dampened by the paucity of factors studied in the SNF setting and the 287 

minimal impact such factors appeared to have on health outcomes in IRFs. One consistent 288 

finding in the current review was substantial facility-level variation in health outcomes for 289 

patients discharged to post-acute care after a stroke. 290 

Medicare regulations require that IRFs meet thresholds for intensive therapy 291 

administration and rehabilitation physician supervision, while also stipulating that the inpatient 292 

setting should be reserved for patients with substantial potential for improvement.34 These 293 

criteria create an environment where patients are differentially selected for IRF care and larger 294 

investments in therapy would be expected to produce better rehabilitation outcomes, as was 295 

observed in all but one study comparing IRFs and SNFs.21 Previously, differences in age and 296 

comorbid disease burden between settings have been ascribed to the purposeful selection of a site 297 

with or without increased therapy intensity.5 We observed older age for SNF versus IRF patients 298 

in all 7 studies which reported age by site of care (Table 1). To address selection bias, the most 299 

commonly applied statistical method used by reviewed studies was the inclusion of a 300 

comprehensive list of sociodemographic, clinical, and complexity variables in multivariable 301 

models. Despite the expansive list of covariates, multivariable methods do not adjust for 302 

unmeasured variables. Two studies,20, 24 however, applied an instrumental variable analysis 303 

capable of adjusting for unmeasured differences between site of care groups. While evidence 304 

from these two studies suggest instrumental variable methods do remove further bias from post-305 
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acute site of care studies, the results from both studies employing the instrumental variable 306 

approach still favored IRFs. 307 

The American Heart Association and American Stroke Association guideline for stroke 308 

rehabilitation and recovery describes the selection of the site of post-acute care as a 309 

multifactorial decision dependent upon “the severity of residual neurological deficits, resulting 310 

activity limitations, cognitive and communicative ability, psychological status, swallowing 311 

ability, premorbid functional ability, medical comorbidities, level of family/caregiver support, 312 

likelihood of returning to community living, and ability to participate in a rehabilitation 313 

program”.34 Beyond these factors, other considerations such as geography, market dynamics, and 314 

cost contribute to the selection of a setting for post-acute care.35, 36 Historically, the site of care 315 

and the quantity of therapy administered have been observed to be discordant from the medical 316 

complexity and the specific therapy needs of the patient.6 In one study included in our review, 317 

researchers estimated that in the six weeks post-stroke, only 23% of patients received post-acute 318 

care in a setting where they could achieve the maximum functional improvement.24 Given that 319 

these estimates were derived from a study conducted in the pre-PPS era for SNFs and IRFs 320 

(before 1998), the extent to which these findings extend to contemporary health care practices 321 

remains unknown. 322 

Medicare payments surpassed post-acute provider costs by 19% in 2013, highlighting the 323 

potential for gains in post-acute care efficiency.6 Increasing the amount of therapy produces 324 

improved outcomes in both IRF and SNF settings,21, 37, 38 however limited available research 325 

suggests that in practice the amount of therapy per day received by stroke patients may have 326 

been similar historically in samples from both environments.21  In our review, three studies 327 

assessed facility-level variation in health outcomes and found extensive between-facility 328 
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variation.30-32 However, most studies including specific facility factors suggested that such 329 

factors were minimally associated with health outcomes for patients with stroke (Supplemental 330 

Table 2). We believe that understanding the considerable variation in the provision of care and 331 

health outcomes across facilities warrants further investigation. 332 

Policy Implications 333 

If implemented, the shift to a unified PPS for post-acute care will require waiving of site 334 

of care specific regulatory requirements that contribute to the steering of patients and higher 335 

operating costs for certain settings (IRFs, LTCHs).6 By establishing a uniform reimbursement 336 

system, the goal is for the patient, caregivers, and the care team to be able to select the optimal 337 

site of care for the patient while holding important therapy-related and financial factors 338 

constant.6 From the perspective of post-acute care providers, a unified PPS is anticipated to 339 

confer the benefit of a more predictable profit margin across the spectrum of patient medical 340 

complexity.6 Materially, under a uniform PPS payments to IRFs are expected to decrease by 12% 341 

and payments to SNFs are estimated to increase by 8% as a result of the shift to medical 342 

complexity based reimbursement. Other estimated changes in payments include a 10% increase 343 

for non-profit facilities and the likely elimination of teaching and rural payment adjusters.6 The 344 

influence of such large scale and wide-ranging changes in reimbursement on the behavior of 345 

post-acute care providers remains to be determined.  346 

The post-acute care provider response to constrained payments under PPS has been 347 

complex and variable across markets and clinical conditions.39 One reviewed study found 348 

contrasting effects of post-acute care provider competition on the costs and health outcomes of 349 

stroke and hip fracture patients.28 Increasing intensity of local competition for stroke patients 350 

yielded decrements in health outcomes and lower costs, while costs swelled and outcomes 351 
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improved with rising competition for hip fracture patients.28 The present review highlights the 352 

scarcity of stroke-specific evidence regarding post-acute care provider responses to economic 353 

incentives and market conditions. As any unified PPS will still be inherently limited by the fee-354 

for-service design, diligent monitoring and appropriately selected quality measures will remain 355 

essential to prevent stinting on care and undesired selection of patients based upon risk.6 
356 

The site of care selection process for patients, families, and providers has already been 357 

impacted during the current era of value-based purchasing and provider consolidation. The 358 

evolution of integrated and contractual business relationships exemplified by the emergence of 359 

accountable care organizations and bundled payment initiatives may concentrate hospital 360 

referrals to select post-acute care providers. Countervailing forces such as the augmentation of 361 

public reporting and consumer utilization of information on provider quality may also influence 362 

site of care selection patterns and health outcomes. Although the earliest a transition to a uniform 363 

post-acute PPS will occur is 2023, MedPAC has recommended near-term action to reform post-364 

acute care payment through a site-neutral policy for IRFs and SNFs.12 This recommendation was 365 

informed by an earlier MedPAC analysis of Medicare patients which reported comparable risk-366 

adjusted hospital readmission rates, mortality rates, functional changes, and expenditures in the 367 

30 days after an IRF or SNF stay following a stroke, major joint replacement, or other hip/femur 368 

procedure.40 
369 

In the longer term, episodic reimbursement structured similar to the Bundled Payments 370 

for Care Improvement initiative has been described as a preferred payment mechanism for 371 

incentivizing coordination of care through shared accountability, while overcoming current 372 

problems posed by complex post-acute trajectories.6, 41 However, concerns remain regarding the 373 

potential for providers to engage in undesirable risk-based patient selection practices and 374 
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compensatory attempts to inflate the volume of episodes in order to maintain revenues sufficient 375 

to cover high fixed costs.42 This review emphasizes the urgent need for health services research 376 

to elucidate meaningful differences between sites of post-acute care and to determine prominent 377 

factors such as competition that may influence provider behavior and patient outcomes.  378 

Strengths and Limitations 379 

The few eligible studies comparing post-stroke outcomes between IRFs and SNFs limit 380 

our ability to draw strong conclusions. No studies were experimental. Most studies used 381 

administrative data sources collected for other purposes and as such were susceptible to bias. 382 

Several included studies predated the IRF and SNF PPS. The applicability of findings from these 383 

studies to the current healthcare environment is unknown. Further, the most recent data available 384 

for comparisons of health outcomes between SNFs and IRFs were 7 years old. The large-scale 385 

changes in the healthcare delivery system since that time emphasize the need for continued 386 

original research. Studies evaluating facility-level factors were scant with 6 of 7 eligible studies 387 

focused solely in the IRF setting (Table 2).  388 

This review focused on peer-reviewed research conducted in the United States, which 389 

improved the internal validity of included studies. Furthermore, our inclusion of non-390 

experimental studies of actual care processes and health outcomes offers an advantage because it 391 

provides broader insight than what is typically observed in the controlled setting of clinical trials. 392 

We believe these decisions provide a synthesis of information more relevant to ongoing 393 

discussions in the United States regarding changes in post-acute care quality measurement and 394 

payment policies. Indeed, the large and geographically diverse populations included in the 395 

eligible studies underscore this strength.  396 
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Conclusion 397 

Our review underscores the dearth of literature available to determine the extent to which 398 

historical differences in reimbursement under disparate IRF and SNF payment systems have 399 

productively contributed to improved health outcomes for stroke patients as opposed to 400 

inefficient resource allocation. Therefore, it will be critical to develop a deeper and 401 

contemporary understanding of the role of the post-acute care setting and its attributes (e.g., 402 

staffing, rehabilitation team composition and efficacy, volume/size, teaching status, location, and 403 

market dynamics) in determining health outcomes relevant for stroke patients, providers, and 404 

payers. This research should be prioritized to ensure reimbursement levels implemented under a 405 

unified or bundled system will be sufficient to cover high-quality care regardless of the setting. 406 

 407 
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Figure Legends 
 
Figure 1. PRISMA Flow Diagram for Selection of Eligible Studies of Skilled Nursing Facility and Inpatient Rehabilitation Hospital for 
Post-Stroke Care 
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Table 1. Characteristics of Studies Comparing Outcomes Between SNF and IRF Rehabilitated Patients Post-Stroke  

Author 
(Year) 

 
Data Source  
(Study Period) 

Site(s) of 
Rehabilitation:  
# Facilities  
# Patients with stroke 

 
Mean Age in Years  
(SD) 

Mean Baseline 
Function (SD) 

Study 
Design 
Follow-up 
Duration 

Primary and 
Secondary 
Study 
Outcome(s) 

Primary Exposure of Interest: Site of Care 
Kane et 
al. 
(2000) 

Medicare automated 
data retrieval 
system; patient 
surveys; medical 
record abstraction  
(Not recorded but 
before July 1997) 

SNF:  
# facilities not 
recorded; 123 patients 
 
IRF:  
# facilities not 
recorded;  
79 patients 

SNF:  
81.1 (7.3) 
 
 
IRF:  
75.5 (7.6) 

SNF: 
Pre-stroke ADL 
Score (0-100): 84 
 
IRF: 
Pre-stroke ADL 
Score (0-100): 92 
 

Prospective 
cohort  
 
Surveys at 6 
weeks, 6 
months, 1 
year 

Functional gain 

Hoenig 
et al. 
(2001) 

Mailed survey of 
Veterans Health 
Administration 
Acute Care and 
Rehabilitation; 
Extant Veterans 
Health 
Administration 
databases  
(1995 to 1996) 

SNF*:  
49 facilities; 1,582 
patients 
 
Rehabilitation unit:  
61 facilities; 3,586 
patients 
 
Geriatric Unit:  
31 facilities; 1,431 
patients 
 

SNF*:  
68.7 (9.2) 
 
Rehabilitation 
unit:  
67.8 (9.8) 
 
Geriatric Unit:  
67.5 (9.8) 
 

Not recorded Cross-
sectional 
 
Post-acute 
care duration  

Community 
discharge 
 
Secondary 
outcome: 
Length of stay 
  

Deutsch 
et al. 
(2006) 

Uniform Data 
System for Medical 
Rehabilitation;  
Medicare Provider 
and Analysis 
Review (1996 to 
1997) 

SNF:  
239 facilities; 
3,810 patients 
 
IRF:  
631 facilities;  
54,914 patients 

SNF:  
79.0 (8.4) 
 
 
IRF:  
76.0 (8.5) 

SNF: 
Motor FIM:  
39.7 (16.7) 
 
 
IRF: 
Motor FIM:  
41.8 (14.6) 
 

Retrospective 
cohort  
 
Post-acute 
care duration 
 

Community 
discharge  
Functional status 
 
Secondary 
outcome: 
Part A Medicare 
payments 

Buntin Medicare Provider SNF:  SNF:  Not recorded Retrospective All-cause 
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et al. 
(2010) 

and Analysis 
Review; Minimum 
Data Set; Area 
Resource File; 
Provider of Services  
(2002 to 2003) 

# facilities not 
recorded; 87,844 
patients 
 
IRF:  
# facilities not 
recorded; 68,906 
patients  

81.1 (7.4) 
 
 
IRF:  
77.7 (7.1) 

cohort 
 
120 days 

mortality 
 
Secondary 
outcome: 
Part A Medicare 
payments 

Kind et 
al. 
(2010) 

Medicare Provider 
and Analysis 
Review;  
Provider of Services 
(1999-2000) 

SNF:  
# facilities not 
recorded;  
19,434 patients  
 
IRF:  
# facilities not 
recorded;  
11,849 patients 

Average age not 
available by site of 
care. 
 
White: 80 (7.4);  
Black: 78 (8.0); 
Hispanic: 79 (7.5) 

Not recorded Retrospective 
cohort  
 
30 days 
 

Readmission 
Mortality 

Wang et 
al. 
(2011) 

Kaiser Permanente 
California Health 
System Claims  
(1996-2005) 

SNF†:  
# facilities not 
recorded; 14,628 
patients 
 
IRF†:  
# facilities not 
recorded;  
2,720 patients 

SNF†:  
75.5 (10.7) 
 
 
IRF†:  
64.4 (12.5) 
 

Not recorded Retrospective 
cohort  
 
365 days 

Mortality 

Chan et 
al. 
(2013) 

Kaiser Permanente 
Health Care System 
Northern California 
(2008-2010) 

SNF:  
# facilities not 
recorded;  
29 patients  
 
IRF:  
# facilities not 
recorded;  
66 patients 

SNF:  
79 (10.2) 
 
 
IRF:  
67 (14.0) 
 

SNF: 
AM-PAC Motor: 
40 
 
IRF: 
AM-PAC Motor: 
33 

Prospective 
cohort 
 
6 months 

Functional status 

Primary Exposure of Interest: Therapy Intensity 
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Chen et 
al. 
(2002) 

Uniform Data 
System for Medical 
Rehabilitation 
(1996 to 1997) 

SNF‡:  
10 facilities; 
~216 stroke patients 
 
Hospital IRF‡:  
3 facilities;  
~133 stroke patients 
 
Freestanding IRF‡:  
7 facilities;  
~197 patients 

SNF§:  
77.9 (9.9) 
 
 
Hospital IRF§:  
73.2 (13.2) 
 
 
Freestanding IRF§:  
74.6 (13.7) 
 
Stroke patients: 75 
(11) 

SNF§:  
Transformed 
Median Motor 
FIM (0-100): 21.4 
Hospital IRF§:  
Transformed 
Median Motor 
FIM (0-100): 21.4 
Freestanding 
IRF§:  
Transformed 
Median Motor 
FIM (0-100): 19.5 
 

Retrospective 
cohort  
 
Post-acute 
care duration 
 

Functional gain 

*SNF classification included nursing home, intermediate care, or subacute care ward. 
†Total SNF and IRF patients summed from PAC subgroup sample sizes provided on Tables 1 and 2. Mean age estimated by taking 
weighted averages from data provided on Tables 1 and 2. 
‡There were 554 patients with stroke in this study. The number of patients with stroke within each setting estimated from percentages 
provided on Table 3 total 546 due to rounding. 
 §Estimates provided for all patients in the study rather than just patients with stroke. 
Abbreviations: Skilled nursing facility (SNF), inpatient rehabilitation facility (IRF), Patient Assessment Instrument (PAI), functional 
independence measure (FIM), Activity Measure for Post Acute Care (AM-PAC) 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table 2. Characteristics of Studies Assessing Facility-Level Factors among Inpatient Rehabilitation Facilities 

Author 
(Year) 

Data Source  
(Study Period) 

# Facilities 
# Patients 

Mean Age 
in Years, 
(SD) 

Primary 
Exposure(s) of 
Interest 

Primary and 
Secondary 
Study Outcome(s) 

Reker, 
O’Donnell, 
and Hamilton 
(1998) 

Veterans Administration 
Uniform Data System  
(1993 to 1996) 

37 facilities  
3,576 patients 

67.0 (10) Facility 
Case-mix adjustment 
by individual-level 
factors 

Functional gain 
 
Secondary outcome: 
Length of stay 

Strasser et al. 
(2005) 

Veterans Administration 
Functional Status Outcomes 
Database;  
 
Team member survey (1997 
to 1998) 

Inpatient and 
subacute 
rehabilitation units:  
46 facilities  
1,678 patients 
(530 rehabilitation 
team members) 

67.4 (11.6) Rehabilitation team 
functioning, 
supervisor 
expectations, and 
administrative 
support 

Functional gain 
Community discharge 
 
Secondary outcome: 
Length of stay 

Colla et al. 
(2010) 

Medicare Provider and 
Analysis Review; Provider of 
Services; Medicare 
Beneficiary Summary File; 
Minimum Data Set; Area 
Resource Files 
(2002 to 2003) 

911 facilities 
47,434 patients 

76.3 (9.1) Post-acute care 
competition 

Death or 
institutionalization  
(180 days) 
 
Secondary outcomes: 
Length of stay 
Cost 

Dobrez et al. 
(2010) 

eRehabData 
(1998 to 2006) 

# facilities not 
recorded 
98,151 patients  

68.8 (10.4) IRF Prospective 
Payment System 
payment 

Functional gain 
Community discharge  
Secondary outcome: 
Length of stay 

Graham et al. 
(2013) 

Uniform Data System for 
Medical Rehabilitation 
(2006-2008) 

717 facilities  
202,423 patients 

71.5 (11.9) Volume Functional gain 
Community discharge 

Reisetter et 
al. (2015) 

Medicare Provider and 
Analysis Review; IRF-Patient 
Assessment Instrument; 
Provider of Services; 
Medicare Beneficiary 
Summary File 
(2006 to 2009) 

1,209 facilities  
145,460 patients 

78.4 (7.2) Facility 
Hospital referral 
region  

Functional gain 

Abbreviations: inpatient rehabilitation facility (IRF), Patient Assessment Instrument (PAI), functional independence measure (FIM) 
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Table 3. Differences in Health Outcomes by Site of Rehabilitation (IRF and SNF) Among Patients with Stroke 
Author 
(Year) 

Analytic 
Approach 

 
Comparison 

 
Crude Percentages or 
Means 

 
Measure(s)  

Summary of findings 

Community Discharge 
Deutsch et 
al. (2006) 

Multivariable 
logistic 
model* 

IRF vs. SNF 
(Reference) 

Stratified by disability level: 
Minimal motor: 
IRF: 98.6%; SNF: 98.6% 
Mild motor/mild cognitive: 
IRF: 96.7%; SNF: 91.7% 
Minimal motor/significant 
cognitive: 
IRF: 90.6%; SNF: 88.3% 
Moderate motor: 
IRF: 92.3%; SNF: 84.2% 
Significant motor: 
IRF: 85.8%; SNF: 79.3% 
Severe motor-- 
patients ≥ 82 years: 

IRF: 54.6%; SNF: 49.4% 
patients < 82 years: 

IRF: 66.4%; SNF: 52.0% 

aOR 
95% CI 

Community discharges in IRF more common 
than in SNF for these patients: 
 
Mild motor disabilities and cognitive ratings: 
aOR: 2.19; 95% CI: 1.52-3.14 
 
 
 
Moderate motor disabilities:  
aOR: 1.98; 95% CI: 1.49-2.61  
Significant motor disabilities: 
aOR: 1.26; 95% CI: 1.01-1.57 
 
 
 
Severe motor disabilities, patients <82 years: 
aOR: 1.43; 95% CI: 1.25-1.64 

Hoenig et 
al. (2001) 

Multivariable 
logistic 
model† 

 

Rehabilitation 
unit and  
geriatric unit 
vs. SNF† 

(Reference) 

Rehabilitation unit: 75.0% 
Geriatric unit: 71.8% 
SNFǁ: 66.6% 
 

aOR 
95% CI 

Relative to those in SNFsǁ, patients in 
rehabilitation units (aOR: 1.91; 95% CI 1.47-
2.50) and geriatric units (aOR:1.43; 95% CI 
1.03-1.97) had increased odds of being 
discharged home. 

Physical Functioning 
Chen et al. 
(2002) 

Multiple 
linear model‡ 

IRF and Acute 
hospital vs. 
SNF 
(Reference) 

Average Rasch-transformed 
Mobility Gain (range 0-100): 
 17 

Standardized  
β Coefficient 

Patients in SNFs made larger gains in 
mobility than patients in IRF (-0.20; p<0.05) 
or patients in acute hospitals (-0.16; p<0.05). 
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Deutsch et 
al. (2006) 

Multiple 
linear model* 

IRF vs. SNF 
(Reference) 

Discharge FIM motor rating 
stratified by disability level: 
Minimal motor:  
           IRF: 86.6; SNF: 85.0 
Mild motor/mild cognitive: 
           IRF: 79.2; SNF: 78.3 
Minimal motor/significant 
cognitive: 
           IRF: 77.5; SNF: 77.5 
Moderate motor: 
           IRF: 73.1; SNF: 71.1 
Significant motor:  
           IRF: 67.1; SNF: 64.9 
Severe motor-- 
patients ≥ 82 years: 

           IRF: 46.1; SNF: 40.1 
patients < 82 years: 

           IRF: 49.8; SNF: 41.8 

Adjusted β 
coefficient 
representing 
the mean 
FIM 
difference  
(IRF-SNF)  
 
95% CI 

Clinically relevant functional gains (>2 FIM 
units) in IRF more common than in SNF for 
these patients: 
 
 
 
 
 
 
 
 
Significant motor disabilities: 
          adjusted β: 2.40; 95% CI: 1.19-2.66 
Severe motor disabilities— 
patients ≥82 years: 
          adjusted β: 2.39; 95% CI: 1.45-3.32 
patients <82 years: 
          adjusted β: 4.24; 95% CI: 3.45-5.03 

Kane et al. 
(2000) 

Multiple 
linear model§ 

 

Instrumental 
variable 
analysis 
 

IRF vs. SNF 
(Reference) 

Average percentage change 
in the activities of daily 
living score at six weeks, 6 
months, and 12 months. 
Crude average change values 
were not provided. 
 
IRF:  
  6 weeks:   23.2% improved 
  6 months: 13.9% improved 
12 months:   7.8% improved 
SNF:  
  6 weeks:     0.7% improved 
  6 months:  -5.9% worsened  
12 months:  -6.7% worsened 

Adjusted 
mean 
functional 
dependency 
scores  
 
 
Predicted 
gain in 
functional 
improvement 
in optimal 
post-acute 
care setting 

Relative to those in SNFs, patients in IRF 
settings regained more activities of daily 
living at six weeks. Despite some rebound 
loss of activities of daily living between 6 and 
12 months, IRF patients fared better than SNF 
patients (Figure 2 of manuscript).  
 
Patients discharged to SNF would have 
achieved maximum functional improvement 
had they been discharged to home with health 
care.  
 
Additional gains in function by optimal post-
acute care location for patients actually in 
SNF and IRF settings differed most at 6 
weeks (IRF: 3.1%, SNF: 16.9%) and were 
similar at 6 months (IRF: 15.5%, SNF: 
18.3%) and 12 months (IRF:15.9%, SNF: 
16.2%) 
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Chan et al. 
(2013) 

Multiple 
linear model|| 

SNF vs. IRF 
(reference  

AMPAC score at 6 months: 
IRF: 52 
 
SNF: 43 

Adjusted β 
coefficient 
representing 
the mean 
AM-PAC 
difference  
(SNF-IRF)  
95% CI 

Results from two models were reported, one 
adjusting for hospital readmission and 
quantity of therapy (adjusted β: -10.1; 95% 
CI: -15.0 to -5.2), and the other model not 
adjusting for readmission and quantity of 
therapy (adjusted β: -6.1; 95% CI: -11.2 to -
1.0). 

Hospital Readmission  
Kind et al. 
(2010) 

Unspecified 
statistical 
model with 
robust 
variables 
estimates to 
account for 
clustering of 
patients 
within 
hospitals¶ 

IRF and SNF Crude estimates not available 
by site of care. 

Predicted 
probability 
of 
readmission 
(hospital or 
emergency 
department) 
 
95% CI 

Predicted probabilities of readmission less for 
IRF than SNF in each racial/ethnic group. 
Blacks:   
   IRF: 20%; 95% CI: 17.9-22.7 
   SNF: 26%; 95% CI: 24.2-28.6 
Hispanics:  
   IRF: 18%; 95% CI: 13.1-22.9 
   SNF: 28%; 95% CI: 24.0-32.6 
Whites:  
   IRF: 18%; 95% CI: 17.3-19.1 
   SNF: 21%; 95% CI: 20.3-21.9 

All-cause Mortality 
Buntin et 
al. (2010) 

Generalized 
estimating 
equations 
(binary 
logit)# 

 
Instrumental 
variable  
analysis# 

IRF vs. SNF 
(Reference) 

Mortality within 120 days 
IRF: 6.2% 
 
SNF: 14.7% 

Absolute 
difference in 
120-day 
mortality 
 
95% CI  

Use of IRF reduced mortality by 2.6 
percentage points compared to SNFs. 
 
adjusted β: -2.58; 95% CI: 0.96-4.16 
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Kind et al. 
(2010) 

Unspecified 
statistical 
model with 
robust 
variables 
estimates to 
account for 
clustering of 
patients 
within 
hospitals¶ 

IRF and SNF Crude estimates of 30-day 
mortality not available by 
site of care. 
 

Predicted 
probability 
of 30- day 
mortality 
among those 
with no 
readmissions 
 
95% CI 

Predicted probability of death in IRF settings 
lower than SNF settings in each racial/ethnic 
group. 
Blacks:   
   IRF: 2%; 95% CI: 1.6-3.3 
   SNF: 5%; 95% CI: 4.2-6.1 
Hispanics:  
   IRF: 1%; 95% CI: 0-1.5 
   SNF: 5%; 95% CI: 3.2-6.3 
Whites:  
   IRF: 2%; 95% CI: 1.9-2.5 
   SNF: 8%; 95% CI: 7.2-8.2 

Wang et 
al. (2011) 

Cox 
proportional 
hazards 
multivariable 
model** 

IRF vs. SNF 
(Reference) 

Stratified by the highest level 
of post-acute care within 14 
and 61 days: 
Post-acute (14 days):  
IRF: 4.4% 
SNF: 21.4% 
Post-acute (61 days): 
IRF: 4.3% 
SNF: 16.2% 

Adjusted 
hazard rate 
ratio 
 
95% CI 

Patients in IRF settings died at a rate less than 
half that of those in SNF settings. 
 
Post-acute (14 days): 
Adjusted hazard ratio: 0.33 
95% CI 0.24-0.45 
Post-acute (61 days): 
Adjusted hazard ratio: 0.42 
95% CI 0.33-0.53 

*Covariates included were time from stroke onset to rehabilitation admission, admission FIM motor rating, admission FIM cognitive rating, 
age, hemorrhagic versus non-hemorrhagic stroke, presence of left-sided, right-sided, or bilateral paresis, presence of a tiered comorbidity, 
visual field deficits, living alone, median household income, race (Black, White, Other), sex, geographic region, and site of care (IRF, SNF).  
†SNF classification included nursing home, intermediate care, or subacute care ward. Covariates included were patient characteristics: age > 
70 years, white race, Charlson comorbidity index, intubation, length of stay, second bed section an acute bed, and site of post-acute care 
(rehabilitation unit, geriatric unit, SNF) 
‡Covariates included were factors measured at admission (self-care, mobility, cognition), age, sex, therapy intensity, length of stay, days 
since onset, interrupted stays, and site of care (general hospital, IRF, SNF).  

§Covariates included discharge activities of daily living score, sum of activities of daily living and instrumental activities of daily living 
prior to hospitalization, patient’s self-expected activities of daily living score at six weeks after hospital discharge, sex, age, race, living 
arrangement, cognitive status, presence of catheter, patient’s ability to exercise prudent judgement, health status prior to hospitalization, 
HMO membership, city, patient’s role in discharge decision making, length of hospital stay, hospital’s post-acute care facility ownership, 
informal support given before hospitalization, social and economic status of caregiver, acuity score at admission, comorbidity, diagnosis 
related group severity scores, and instability. Instruments used were predicted probabilities of specific discharge site of care. 
||Covariates included age, body mass index, baseline functional status, inpatient Modified-Rankin score, history of prior stroke, Charlson 
comorbidity index. 
¶Covariates included age, sex, region, index hospitalization admission year, length of hospital stay, HMO membership, Medicaid indicator 
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variable, comorbidities, measures of stroke severity (mechanical ventilation and presence of gastrostomy tube), neighborhood 
socioeconomic characteristics including percent over 24 years of age with a college degree and percent below the poverty line, and indicator 
variables for site of care (home, home with health care, IRF, SNF). 

#Covariates included patient demographic (age, age squared, sex, interaction of age and sex, race, urban/rural, Medicaid) and clinical 
characteristics (13 comorbidities and 17 complications that could influence outcome of post-acute care), indicators of type of stroke, 
hospital facility factors (size, teaching status, ownership, % Medicare, case-mix, and % low income), county-level HMO penetration, and 
indicator variables for site of care (IRF, SNF, home). Instruments used were patient-specific measures of accessibility and proximity to post-
acute care providers. 
** Covariates included age, age squared, sex, racial/ethnic group, previous stroke, Charlson-Deyo comorbidity index, service area, acute care 
length of stay, and dummy variables for site of care (outpatient visits, home health care, IRF, SNF). 
Abbreviations: skilled nursing facility (SNF), inpatient rehabilitation facility (IRF), adjusted odds ratio (aOR), confidence interval (CI), 
Functional Impairment Measure (FIM), health maintenance organization (HMO) 
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Table 4. Differences in Length of Stay and Cost by Site of Rehabilitation (IRF and SNF) Among Patients with Stroke 
Author 
(Year) 

 
Analytic 
Approach 

 
Comparison 

Crude 
Percentages or 
Means/Medians 

 
Measure(s)  

Summary of findings 

Length of Stay 
Deutsch et 
al. (2006) 

Appeared to be 
descriptive. 

IRF versus SNF Graphically shown 
stratified by case-
mix group.  

Length of stay 
(days)  
  
Median, 10th and 
90th percentiles 

Across most case-mix groups, the 
median length of IRF stay was 
significantly shorter than the median 
length of SNF stay. When not shorter, 
the median length of stay appeared 
similar by setting (Figure 2). 

Hoenig et 
al. (2001) 

Kruskall-Wallis test 
 
Mixed model 
ANOVA conducted 
on logarithm 
transformed length 
of stay adjusting for 
clustering of 
patients within 
hospitals* 

Rehabilitation unit,  
General hospital unit, 
versus SNF* 

(Reference) 
 

Mean  
(standard 
deviation) 
Rehabilitation 
unit:  
21.5 (25.5) 
Geriatric unit:  
19.9 (24.4) 
SNF*:  
16.6 (27.3) 

β coefficient for 
log-transformed 
of total acute and 
post-acute care 
length of stay  

Relative to those in the SNFs*, the 
length of stay for patients in 
rehabilitation units was ~2.0 days 
greater and for those in geriatric units 
~1.7 days greater. 
 
Rehabilitation unit:  
adjusted β: 0.30; p-value=0.0001 
Geriatric unit:  
adjusted β: 0.24; p-value=0.001 

Medicare Part A Cost 
Deutsch et 
al. (2006) 

T-tests conducted 
on logarithm-
transformed dollars, 
stratified by case-
mix group 
 
Details of how 
adjusted estimates 
were obtained were 
not included. 

IRF versus SNF IRF:  
$12,320 median  
SNF:  
$6,215 median 

Facility-specific 
modifications 
(e.g. wage, 
indirect medical 
education, rural, 
share of low 
income patients) 
were removed 
from Medicare 
Part A payments 
which were then 
converted to 1997 
dollars. 
 
Median, 10th and 
90th percentiles 

The higher IRF costs relative to SNF 
costs was apparent across all case-mix 
groups, but increased with increasing 
disease severity (e.g., IRF costs 
$2,106 more than SNF for case-mix 
group 101; $8,733 for the combined 
case-mix groups 109, 113, and 114). 
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Buntin et 
al. (2010) 

Generalized 
estimating 
equations (linear 
model) † 

 
Instrumental 
variable analysis† 

 

IRF versus SNF Mean  
(standard 
deviation) 
IRF:  
$29,160 ($23,630) 
SNF:  
$19,039 ($14,383) 
 

Adjusted mean 
difference in total 
post-acute care 
Medicare 
payments within 
120 days of 
hospital discharge 
(real dollars 
2002-2003) 

IRF costs on average $11,261 more 
than SNF costs (95% confidence 
interval:  
$10,933 - $11,590). 
 

*SNF classification included nursing home, intermediate care, or subacute care ward. Covariates included age > 70 years, race, Charlson 
comorbidity, intubated, second bed section an acute bed section, and site of care (no post-acute, geriatric, rehabilitation). 
†Covariates included patient demographic (age, age squared, sex, interaction of age and sex, race, urban/rural, Medicaid) and clinical 
characteristics (13 comorbidities and 17 complications that could influence outcome of post-acute care), indicators of type of stroke, hospital 
facility factors (size, teaching status, ownership, % Medicare, case-mix, and % low income), county-level HMO penetration, and indicator 
variables for site of care (IRF, SNF, home). Instruments used were patient-specific measures of accessibility and proximity to post-acute care 
providers. 
Abbreviations: skilled nursing facility (SNF), inpatient rehabilitation facility (IRF), health maintenance organization (HMO) 
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Table 5. Facility-Level Characteristics Reported by Study 
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Reker, O’Donnell, 
and Hamilton 
(1998) 

� � �                          

Strasser et al. 
(2005) 

           �    � � � �          

Colla et al. (2010)  � � � � � �  � �   � �               
Dobrez et al. (2010)  �   � �   �                    
Graham et al. 
(2013) �           �                 

Reisetter et al. 
(2015) �       �                     

Site of Care Comparison Studies 
Kane et al. (2000)                             
Hoenig et al. (2001)  � �  �     �     � �    � � � � � � � � � 
Chen et al. (2002)           �                  
Deutsch et al. 
(2006) 

                            

Buntin et al. (2010)                             
Kind et al. (2010)                             
Wang et al. (2011)                             
�= reported descriptively; � = incorporated into statistical analysis 
*The organizational context domain was composed of scales for administrative support and supervisor expectations. The team 
functioning domain was composed of scales for team organization, task orientation, innovation, interprofessional relations, 
communication, teamness, effectiveness, and utility of quality information. 
†Composed of variables: nurse specialization in stroke, PT specialization in stroke, # of different physician specialists, # of new 
graduates, proportion of paraprofessionals. 
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‡Nurse, allied health professional, and physician staffing ratios. 
§Composed of variables: diversity of rehabilitation equipment, ankle-foot orthosis, simulated home environment, adaptive kitchen, 
adaptive bathroom. 
||Composed of variables: # of different professionals at team meetings, guideline use, escort service, and rounding therapist as treating 
therapist. 
Abbreviations: skilled nursing facility (SNF), inpatient rehabilitation facility (IRF), physical therapy (PT) 
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Supplemental Table 1.  
Patient Characteristics in Studies Comparing Outcomes Between SNF and IRF Rehabilitated Patients Post-Stroke  
 
 
Author 
(Year) Female (%) White (%) Comorbid Disease Summary Cognition 
Kane et al. 
(2000) 

SNF: 65.0 
 
IRF:  63.3 

SNF: 95.9% 
 
IRF:  87.3% 

Comorbidity score ranging from 0-20 
SNF: 7.6 
 
IRF:  6.8 

Cognitive status ranging from 0-10: 
SNF: 6.0 
 
IRF:  3.9 

Hoenig et 
al. (2001) 

SNF*: 1.8 
 
Rehabilitation unit:  1.6 
 
Geriatric Unit:  1.3 

SNF*: 82.9 
 
Rehabilitation unit:   
63.1 
 
Geriatric Unit:   
63.9 

Charlson comorbidity score, % with 
less than 4 comorbidities 
SNF*: 25.2 
 
Rehabilitation unit:  27.2 
 
Geriatric Unit:  27.4 

Not reported 
 

Deutsch et 
al. (2006) 

SNF: 59.6 
 
IRF:  55.2 

SNF: 89.5 
 
IRF:   83.7 

SNF: 88.8% without IRF PPS listed 
comorbid diseases 
 
IRF:  88.5% without IRF PPS listed 
comorbid diseases 

Cognitive FIM rating 
SNF: 22.1 
 
IRF:  22.6 

Buntin et 
al. (2010) 

SNF: 66.0 
 
IRF:  57.3 

SNF: 84.6 
 
IRF:  82.3 

SNF: CAD (23.2%), CHF (19.6%), 
diabetes (22.7%) 
IRF:  CAD (24.2%), CHF (14.4%), 
diabetes (24.9%) 

Dementia diagnosis, % 
SNF: 19.4% 
 
IRF: 6.6% 

Kind et al. 
(2010) 

Not reported by site of 
care 

Not reported by site 
of care 

Not reported by site of care Not reported by site of care 

Wang et al. 
(2011) 

SNF: 55.3  
 
IRF:  41.3 

SNF: 71.9 
 
IRF: 59.6 

Deyo-Charlson comorbidity index, % 
with 3 or more comorbidities 
SNF: 27.7 
 
IRF:  18.1 

Not reported 

Chan et al. 
(2013) 

SNF: 58.6 
 
IRF: 50.0 

SNF: 79.3 
 
IRF: 60.6 

Modified Charlson comorbidity index 
SNF: 1.4 
 
IRF:  1.8 

Mean AMPAC cognitive score at 
hospital discharge 
SNF: 36 
 
IRF:  36 
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Chen et al. 
(2002) 

SNF†: 67 
 
Hospital IRF‡:  62 
 
Freestanding IRF‡: 65 

Not reported Not reported Transformed cognitive FIM (0-100) 
SNF†: 84.7 
 
Hospital IRF:   63.7 
 
Freestanding IRF: 66.6 

*SNF classification included nursing home, intermediate care, or subacute care ward. 
†Estimates provided for all patients in the study rather than just patients with stroke. 
Abbreviations: Skilled nursing facility (SNF), inpatient rehabilitation facility (IRF), functional independence measure (FIM), Activity 
Measure for Post Acute Care (AM-PAC), coronary artery disease (CAD), congestive heart failure (CHF) 
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Supplemental Table 2. Estimates Relating Facility Level-Factors with Health Outcomes¶ 
Author 
(Year) 

Analytic Approach:  
Outcome Measure 

Crude percentages or 
Means Facility Factor Summary of Findings 

Physical Functioning 
Reker, 
O’Donnell, 
and 
Hamilton 
(1998) 

Analysis of 
covariance*: 
 
Adjusted total FIM 
gain† 

Mean total FIM† across 37 
facilities (range):  
22.2 (14.5-34.4) 

Facility The adjusted mean total FIM gain across facilities 
ranged from 16.4 to 33.1. The R2 for the facility 
only model was 7%, compared with 31% for the 
full model. 

Strasser et 
al. (2005) 

Hierarchical linear 
regression with 
robust standard 
errors‡: 
 
β coefficient and 95% 
CI for motor FIM 
gain† 

Mean motor FIM gain (SD) 
across 46 Veterans 
Administration facilities:  
18.4 (14.8) 
Range across facilities:  
-60 to 71 

Mean (SD) (scale range): 
Administrative support: 
5.67 (2.27) (0-10) 
Supervisor expectations: 
5.8 (0.99) (2-7) 
Team organization: 
0.73 (0.27) (0-1) 
Task orientation: 
0.87 (0.20) (0-1) 
Innovation: 
0.39 (0.24) (0-1) 
Interprofessional relations: 
0.87 (0.16) (0-1) 
Communication: 
5.36 (1.07) (2-7) 
Teamness: 
5.56 (1.07) (2-7) 
Effectiveness: 
5.19 (1.07) (2-7) 
Utility of quality 
information: 
5.32 (1.21) (1-7) 
Physician involvement: 
0.73 (0.28) (0-1) 
Physician support: 
0.73 (0.28) (0-1) 

With the exception of the use of quality 
information, indicators of organizational context 
and team functioning did not appear to influence 
functional gain. The adjusted regression model 
explained 25.5% of variance in motor FIM gain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
adjusted β 2.90; 95% CI: 1.10-4.70 
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Dobrez et 
al. (2010) 

Multiple linear 
regression§:  
 
β coefficient (95% 
CI) for motor FIM-12 
at discharge† 

Mean (standard deviation) 
discharge FIM-12 rating:  
 
 
 
 
 
Medicare fee-for-service: 
Pre-PPS: 55.06 (17.57) 
Post-PPS: 49.74 (17.68) 
 
All-other payers: 
Pre-PPS: 58.57 (16.79) 
Post-PPS: 54.76 (17.33) 

Payment under PPS; 
freestanding/attached 
location; urban/rural 
location; for-profit status; 
region (reference: South) 
 

Patients in the Northeast, Midwest, and in rural 
facilities exhibited larger improvements in 
physical function. PPS payment may have 
contributed to a small decrease in functional gain 
for Medicare patients (adjusted β: -1.1; 95% CI: -
1.49-0.71) but not for other payers. 
 
Medicare fee-for-service: 
Urban location adjusted β: -2.18 (95% CI: -3.80 – 
-0.56) 
Northeast adjusted β: 2.04 (95% CI: 1.15 – 2.94) 
West adjusted β: 2.14 (95% CI: 0.86 – 3.43) 
All other payers: 
Urban location adjusted β -2.66 (95% CI: -4.54 – -
0.78) 
Northeast adjusted: β 2.25 (95% CI: 1.34 – 3.17) 
West adjusted β 3.22 (95% CI: 1.87 – 4.56) 

Graham et 
al. (2013) 

Hierarchical linear 
modeling||:  
 
Predicted discharge 
motor FIM rating†; 
 
Intraclass correlation 
coefficient 

Crude motor FIM rating not 
reported. 

Volume of stroke patients Predicted discharge motor function was similar 
across volume quintiles and ranged from 55.8 for 
facilities in the second volume quintile (52-79 
stroke admissions) to 57.1 for facilities in the 
highest volume quintile (>164 stroke admissions).  
 
Facility explained 6.1% of variation in discharge 
motor function. 

Reisetter et 
al. (2015) 

Multilevel linear 
mixed models¶: 
Adjusted discharge 
motor function†; 
 
Intra-class correlation 
coefficient 

Mean (SD) motor FIM 
score at discharge: 
56.9 (17.7) 

Facility and hospital 
referral region. 

In a 3-level model (patient, facility, region), 
facility explained 8.7% of variation in discharge 
motor function compared with 0.78% for hospital 
referral region.  
 
Adjusted discharge functional status varied widely 
between the 10th and 90th percentiles of facilities 
but not regions.  
Facility 10th – 90th percentile: 77.3 – 86.5 
Region 10th – 90th percentile: 81.2 – 82.1 

Community Discharge 
Hoenig 
(2001) 

Mixed model with 
hospital and patient 

The percentage of patients 
discharged home from the 

Categories††: personnel, 
coordination of care, 

Most individual post-acute care variables were not 
associated with community discharge. Increasing 
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as random effects and 
patient and post-acute 
care characteristics as 
fixed effects#:  
aOR for community 
discharge  

final inpatient unit: 
 
SNF**: 66.6% 
Geriatric unit: 71.8% 
Rehabilitation unit: 75% 

physical facilities, hospital 
characteristics 

physician staff diversity (aOR: 1.09; p=0.02) and 
the # of stroke care settings (aOR: 1.08; p=0.02) 
modestly increased the odds of community 
discharge. 

Strasser 
(2005) 

Hierarchical logistic 
regression with 
robust standard 
errors‡: 
Community 
discharge β 
coefficient (95% CI) 

Percentage of patients 
discharged to the 
community: 
65% 

Organizational context and 
team functioning (mean, 
SD, and range for each 
scale presented above) 

The variables for organizational context and team 
functioning were not associated with home 
discharge. The model discriminated poorly (c-
statistics 0.49) between discharge settings. 

Dobrez et 
al. (2010) 

Multiple logistic 
regression§: 
aOR (95% CI) or β 
coefficient (95% CI) 
for community 
discharge 

Percentage of patients 
discharged to community: 
 
 
 
Medicare fee-for-service: 
Pre-PPS: 71.87% 
Post-PPS: 63.16% 
 
All-other payers: 
Pre-PPS: 81.80% 
Post-PPS: 75.50% 

Payment under PPS; 
freestanding/attached 
location; urban/rural 
location; for-profit status; 
region (reference: South) 

Patients in the Northeast, Midwest, and in urban 
facilities were less likely to be discharged to the 
community. The odds of community discharge 
were 13% lower (aOR: 0.87 95% CI: 0.80-0.95) 
for Medicare patients after PPS implementation. 
Medicare fee-for-service: 
Urban adjusted β: 0.71 (95% CI: 0.51 – 0.98) 
Northeast adjusted β: 0.69 (95% CI: 0.58 – 0.82) 
Midwest adjusted β: 0.70 (95% CI: 0.58 – 0.84) 
All other payers: 
Urban adjusted β: 0.73 (95% CI: 0.48 – 1.11) 
Northeast adjusted β: 0.57 (95% CI: 0.47 – 0.68) 
Midwest adjusted β: 0.63 (95% CI: 0.52 – 0.76) 

Graham et 
al. (2013) 

Hierarchical 
generalized linear 
modeling||: 
Predicted probability 
of community 
discharge; 
Intraclass correlation 
coefficient 

Percent discharged home by 
volume quintile: 
1st quintile: 68.0% 
2nd quintile: 67.1% 
3rd quintile: 68.1% 
4th quintile: 68.4% 
5th quintile: 66.5% 

Volume of stroke patients Predicted home discharge probabilities were 
similar across quintiles of facility volume and 
ranged from a low of 0.674 for the second and 
third quintiles to a max of 0.699 for the highest 
volume quintile.  
 
Facility explained 3.4% of community discharge 
variation. 

Mortality 
Colla (2010) Probit models, 

instrumental variable 
analysis‡‡: 

Percentage of patients dead 
or institutionalized: 
 

Competition ‡‡; 
freestanding/attached 
location; rural/urban 

The predicted proportions of patients dead or 
institutionalized at 180 days after acute care 
discharge increased with increasing competition 
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β coefficient (95% 
CI); predicted 
proportion dead or 
institutionalized at 
60, 120, and 180 days 
after acute care 
discharge 

60 days: 24.79% 
120 days: 32.51% 
180 days: 27.43% 

location; % low-income; % 
Medicare; teaching 
affiliation; wage index; 
ownership; size 

(adjusted β: 0.60; 95% CI: 0.37-0.83) from 
25.68% at the 10th percentile of competition to 
28.69% at the 90th percentile. Similar patterns 
were observed at 60 days and 120 days’ post-acute 
care discharge. 
 
Other facility characteristics associated with 
predicted increases in death or institutionalization 
at 180 days were the percentage of low-income 
patients (adjusted β: 0.311; 95% CI: 0.16-0.46) 
and the volume of Medicare patients (adjusted β: 
0.211; 95% CI: 0.11-0.31 ) 

Length of Stay 
Reker, 
O’Donnell, 
and 
Hamilton 
(1998) 

Analysis of 
covariance§§: 
 
Adjusted length of 
stay 

Mean length of stay for 
entire sample: 
30.8 days (facility mean 
range: 15.2 – 43.8) 

Facility Facility accounted for 13% of the variability in 
length of stay. All variables together accounted for 
34% of the variation in length of stay. 

Hoenig 
(2001) 

Mixed model with 
hospital and patient 
as random effects and 
patient and hospital 
characteristics as 
fixed effects#:  
β coefficient for log 
length of stay 

Total mean (SD) length of 
stay from stroke admission 
to post-acute care discharge: 
SNF**: 16.6 (27.3) 
Geriatric unit: 19.9 (24.4)  
Rehabilitation unit: 21.5 
(25.5) 

Categories~: personnel, 
coordination of care, 
physical facilities, hospital 
characteristics 

Coordination of care and hospital characteristics 
were not associated with length of stay. Length of 
stay was longer in facilities with a greater intensity 
of rehabilitation physician staffing (adjusted β: 
0.175; p=0.0001), increased diversity of allied 
health professionals (adjusted β: 0.09; p=0.005), 
and in those with a simulated home environment 
(adjusted β: 0.13; p=0.03).  

Strasser 
(2005) 

Hierarchical linear 
regression with 
robust standard 
errors‡: 
 
β coefficient and 95% 
CI for the natural log 
of the length of stay 

Mean length of stay (SD) 
across 46 Veterans 
Administration facilities:  
23.7 (13.8) 
Range of means across 
facilities:  
4 to 107 

Organizational context and 
team functioning (mean, 
standard deviation, and 
range for each scale 
presented above) 

Most organizational context and team functioning 
variables were not associated with meaningful 
variation in length of stay. Managerial 
effectiveness increased (adjusted β: 0.21; 95% CI: 
0.03-0.39) while a sense of teamness decreased 
length of stay (adjusted β: -0.14; 95% CI: -0.28-
0.00). The lack of Bonferroni corrections for 
multiple statistical tests raises the potential for 
significant findings to be due to chance. The 
adjusted regression model explained 25.8% of 
variance in length of stay. 
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Colla (2010) Linear model, 
instrumental variable 
analysis‡‡: 
β coefficient (95% 
CI) for length of stay 

Mean (SD) length of stay:  
17.0 (9.4) 

Competition; ‡‡ 

freestanding/attached 
location; rural/urban 
location; % low-income; % 
Medicare; teaching 
affiliation; wage index; 
ownership; size 

The predicted length of stay decreased with 
increasing competition (adjusted β: -0.25; 95% CI: 
-0.37 to –0.14).  
 
Predicted length of stay was longer in freestanding 
IRFs (adjusted β: 0.14; 95% CI: 0.12-0.16), in 
facilities with a higher wage index (adjusted β: 
0.17; 95% CI: 0.11-0.23), and in larger facilities 
(adjusted β: 0.19; 95% CI: 0.16-0.21).  

Dobrez et 
al. (2010) 

Multiple linear 
regression§: 
β coefficient (95% 
CI) for length of stay 

Mean (SD) length of stay: 
 
 
 
Medicare fee-for-service: 
Pre-PPS: 19.75 (9.25) 
Post-PPS: 17.48 (8.57) 
 
 
All other payers: 
Pre-PPS: 20.03 (9.98) 
Post-PPS: 18.03 (9.71) 

Payment under PPS; 
freestanding/attached 
location; urban/rural 
location; for-profit status; 
region (reference: South) 

Length of stay decreased by 2 days after PPS 
implementation. Length of stay was longer in the 
Northeast, freestanding facilities, and non-profit 
facilities. 
 
Medicare fee-for-service: 
PPS adjusted β: -1.86: (95% CI: -2.13 – -1.58) 
Freestanding adjusted β: 1.53 (95% CI: 0.87 – 
2.19) 
Non-profit adjusted β: 0.68 (95% CI: -0.12 – 1.48) 
Northeast adjusted β: 1.57 (95% CI: 0.78 – 2.36) 
All other payers: 
PPS adjusted β: -2.16: (95% CI: -2.55 – -1.76) 
Freestanding adjusted β: 1.35 (95% CI: 0.57 – 
2.14) 
Non-profit adjusted β 1.77 (95% CI: 0.80 – 2.73) 
Northeast adjusted β 1.43 (95% CI: 0.48 – 2.38) 

Cost 
Colla (2010) Linear model, 

instrumental variable 
analysis‡‡:  
β coefficient (95% 
CI) for total costs of 
the initial IRF stay 

Mean (SD) IRF costs: 
$14,554 ($9,026) 

Competition‡‡; 
freestanding/attached 
location; rural/urban 
location; % low-income; % 
Medicare; teaching 
affiliation; wage index; 
ownership; size 

The estimated IRF costs decreased with increasing 
competition (adjusted β: -0.44; 95% CI: -0.57 to -
0.30) from $15,236 at the 10th percentile to 
$14,068 at the 90th percentile of competition.  
 
A higher wage index was associated with 
increased IRF costs (adjusted β: 0.81; 95% CI: 
0.74-0.88) while a larger percentage of Medicare 
patients was associated with lower costs (adjusted 
β: -0.41; 95% CI: -0.48 to -0.35). 

*Covariates included after a stepdown procedure (p <0.05) were admission function, age, log of the time from onset, and the interaction between age 
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and admission function. 
†Total FIM is composed of functional (13 items) and cognitive components (5 items). It is scored on a 1 to 7 point Likert scale, therefore total scores 
range from 18 to 126 and FIM motor rating ranges from 13 to 91. Motor FIM-12 is a modified version with 1 item removed. 
‡Covariates included admission FIM motor score, functional related group, age, marital status, ethnicity (white vs. non-white), and time since onset of 
impairment. 
§Covariates included age, gender, admission FIM-12 motor score, admission FIM cognitive score, and quarterly time-trend. 
||Covariates included age, gender, race (white versus non-white), time from impairment onset to admission, length of rehabilitation stay, and number of 
comorbid conditions (0-10). Admission function was included in models predicting discharge function and discharge function was included in models 
predicting community discharge. 
¶Covariates included age, gender, race, admission motor function rating, comorbidity, and length of stay. 
#Patient level covariates included in all models were age, sex, race, Charlson comorbidity index, stroke severity (measured via proxies: intubation and 
transfer to a second acute care setting prior to post-acute care). The analytic approach was described as exploratory. Rehabilitation hospital 
characteristics were grouped into 4 categories composed of sets of individual variables which were first evaluated as categories. Within categories 
determined to be significant based upon a likelihood ratio test, a backward selection procedure was performed to identify significant (p<0.10) 
individual variables within categories.  
** Includes nursing home, intermediate care, and subacute care wards. 
††Personnel (staffing intensity, staffing diversity, distribution of professional versus paraprofessional staff, number of new graduate professionals, 
quantity of continuing education), physical facilities (presence of an adaptive kitchen, presence of simulated home environment, use of prefabricated 
versus individually fitted ankle-foot orthoses, variety of equipment available), coordination of care (quantity of staff attending team meetings, 
consistency of treating therapist attendance at team meetings, use of paid transport service), hospital-level descriptors (teaching affiliation, volume of 
stroke patients, volume of rehabilitation workload, number of hospital beds, number of stroke care settings, availability of therapy on weekends, 
availability of therapy at home, recent organizational change, distance of the hospital from the patients’ home). 
‡‡The exposure variable of interest was the level of competition faced by each IRF, which was represented using a weighted Herfindahl-Hirschman 
index calculated from predicted patient flows for each zip code from which the IRF draws patients. The instrumental variable was a zip code level 
Herfindahl-Hirschman index calculated as the average of provider-level Herfindahl-Hirschman indices using predicted patient flows for the zip code’s 
relevant geographic market. Predicted patient flows were used for the provider and zip code level indices to avoid endogeneity present in measures of 
actual patient flows. Covariates included age, sex, race, ethnicity, dual-Medicaid eligibility, census region, quarterly time-trend, type of stroke, 
comorbid conditions, complications from the acute hospital stay, facility characteristics, and population characteristics for the patient’s zip code 
(percent white, black and Hispanic; percent poor).  
§§Covariates included after a stepdown procedure (p<0.05) were age, admission function, year of discharge, referral source, marital status, and the 
interaction of age and admission function. 
Abbreviations: skilled nursing facility (SNF), inpatient rehabilitation facility (IRF), adjusted odds ratio (aOR), Functional Impairment Measure 
(FIM), confidence interval (CI) 
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Supplemental Figure 1. 

Domain-based PubMed Search Strategy: Setting – Disease – Outcome – Limits 

Setting 

("Rehabilitation Center"[all fields] OR "Stroke Unit"[all fields] OR "Hospitals"[Mesh] OR 
"Hospital Units"[Mesh] OR "Residential Facilities"[Mesh] OR "Assisted living facilities"[Mesh] 
OR "Inpatient Rehabilitation"[all fields] OR "Skilled Nursing Facility"[all fields] OR "Long 
Term Care"[all fields] OR "Homes for the aged"[Mesh] OR "Nursing Homes"[Mesh] OR 
"Subacute Care"[Mesh]) 

Disease 

and ("Stroke"[Mesh] OR "stroke"[all fields] OR "cerebrovascular accident"[all fields] OR 
"cerebrovascular accidents"[all fields] OR "CVA"[all fields] OR "cerebral infarct"[all fields] OR 
"brain infarct"[all fields] OR "cerebrovascular event"[all fields] OR "cerebrovascular disease"[all 
fields] OR "brain ischemia"[all fields] OR "transient ischemic attack"[All fields] OR 
"intracranial hemorrhage"[all fields] OR "intracerebral hemorrhage"[all fields] OR "intracranial 
bleed"[all fields] OR "ICH"[all fields]) 

Outcome 

and ("Functional Recovery"[all fields] OR "Recovery of function"[Mesh] OR "Recovery of 
Function"[all fields] or "recovery" [all fields] OR "Rehabilitation"[Mesh] OR 
"Rehabilitation"[all fields] OR "Convalescence"[Mesh] OR "Convalescence"[All Fields] OR 
"Mortality"[Mesh] OR "Mortality"[All fields] OR "Death"[Mesh] OR "Readmission"[All fields] 
OR "Patient Discharge"[Mesh]) 

Limits 

and ("1998/01/01"[PDAT]: "2016/10/06"[PDAT]) AND "humans"[MeSH Terms] AND 
English[lang] 

 

 


