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Abstract

Objective: To synthesize research comparing post-stroke heatdtomes between patients
rehabilitated in skilled nursing facilities (SNF®)d inpatient rehabilitation facilities (IRFs).

Secondly, to evaluate relationships between fa@hiaracteristics and outcomes.

Data Sources: PubMed and CINAHL searches spanned January 1, tt0O8tober 6, 2016 and
encompassed MeSH and free-text keywords for sti@d&/SNF, and study outcomes. Human

and English limits were used.

Study Selection: Observational and experimental studies examinutgames of adult stroke
patients rehabilitated in an IRF or SNF were elgilstudies had to provide site of care
comparisons and/or analyses incorporating faddityel characteristics and had to report >1
primary outcome (discharge setting, functionalusgateadmission, quality of life, all-cause
mortality). Unpublished, single-center, descriptiaad non-US studies were excluded. Articles
were reviewed by one author and when uncertaioudgon with study coauthors achieved

consensus. Fourteen (0.3%) titles were included.

Data Extraction: The types of data, time period, size, design, aimdgry outcomes were
extracted. We also extracted two secondary outcdlaegth of IRF/SNF stay, cost) when
reported by included studies. Effect measures, tmaggapproaches, methods for confounding
adjustment, and potential confounders were extilafata were abstracted by one author and

the accuracy verified by a second reviewer.

Data Synthesis: Two studies evaluating community discharge, ondysevaluating predicted
readmission probability, and 3 studies evaluatiikgause mortality favored IRFs over SNFs.

Functional status comparisons were inconsistenstNdies evaluated quality of life. Two
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studies confirmed increased costs in the IRF ve®§ls setting. Although substantial facility

variation was described, few studies charactersoenices of variation.

Conclusions: The few studies comparing post-stroke outcomesated better outcomes (with
greater costs) for patients in IRFs versus SNFsat&oporary research on the role of the post-
acute care setting and its attributes in deterrgihigalth outcomes should be prioritized to

inform reimbursement system reform.

Keywords: skilled nursing facilities; subacute care; strofeabilitation; outcome assessment

(health care)

Abbreviations

Home health agency (HHA); Improving Medicare Postie Care Transformation Act of 2014
(IMPACT); inpatient rehabilitation facility (IRF)png term care hospital (LTCH); Medicare
Payment Advisory Commission (MedPAC); prospectiagrpent system (PPS); skilled nursing

facility (SNF);
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Introduction

Post-acute care costs comprise 10% of the Medmatget: Among all hospital
discharges in the United States in 2013, ~8 miNi@me to post-acute care of which 7% were to
inpatient rehabilitation facilities (IRFs), 40%4&illed nursing facilities (SNFs), 50% to home
with the use of home health agencies (HHAs), and@%ng-term care hospitals (LTCHS).
IRFs, SNFs, and LTCHs are characterized by 24-hatsing and varying intensity of physical,
occupational, and speech therapy servié&linical characteristics are similar for a large
proportion of patients rehabilitated in SNFs an&dRand in markets with no IRFs, SNFs often
substitute for IRF&> On average, IRFs are costlier owing to specifitatory requirements
affecting staffing and therapy provisibithese requirements (e.g., a reasonable expecfation
participation in and benefit from an intensive raiitation program) constitute selection forces

which affect the choice of a post-acute care pr@vid

In the face of an aging populatiépost-acute care organization and delivery remains
legislative priority. To combat rising post-acutee costs, Medicare introduced a prospective
payment system (PPS) for SNFs in 1998 and for iRR§02% SNF PPS was structured to
reimburse for the quantity of therapy services jatedt’ while IRFs remained constrained by
regulatory requirements for staffing and servicevigion° The Improving Medicare Post-
Acute Care Transformation Act of 2014 (IMPACT) matetl the Secretary of the Department of
Health and Human Services evaluate the feasilafighifting from the current system with
separate PPS reimbursement for LTCH, IRF, SNFHid settings to a unified systethThe
overriding objective of this shift in payment isliase reimbursement on the medical complexity
and the therapy needs of the patient, while mimggiongstanding incentives to provide excess

therapy based in part on site of care distinctfons.
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The Medicare Payment Advisory Commission (MedPA&) recommended near-term
implementation of a site-neutral payment policyRFs and SNF¥ Despite extensive overlap
in the populations served by SNFs and IRRsnimal evidence is available to distinguish which
settings of care should be preferred for an indialgpatient. Beyond across setting comparisons,
the role of within setting variation in the typedaquality of services provided to patients

represents an understudied consideration for patyratarm.

Developing a thorough understanding of the contperautcomes within and between
settings of post-acute care is important in thédtggvolving policy climate. Therefore, the
objectives of this systematic review were twofdtdst, we sought to characterize the
relationship between site of rehabilitation (IRFstes SNF) and health outcomes (i.e., discharge
site, functional status, readmission, quality f,|survival, cost, length of stay). Second, we
sought to evaluate the association between fadditgl factors and these rehabilitation and
policy relevant outcomes. Considering the extenkaterogeneity of patients’ post-acute care
needs across clinical conditions, we chose to focustroke. Stroke is a leading contributor to
the demand for post-acute care in the United Stag250,000 all-payer discharges occur
annually, with similar proportions discharged te tRF and SNF settingsSince a 2009
Cochrane Review of the effects of site of carehenrehabilitation outcomes of older adults did
not find any clinical trials, controlled before-aafter studies, or interrupted time-series eligible

for inclusion*our search was expanded to include all observatitndy designs.
M ethods

Search Strategy
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We aimed to identify all relevant articles publidrence the SNF PPS was implemented
in July, 1998. A domain-based search strategy epessed the rehabilitation setting (e.g., IRF
or SNF), disease state (stroke), and outcomedearest. All authors provided input to develop
the search term strategy. The search string waststed to include MeSH terms and free text
keywords for PubMed, and a parallel search wastadap include Major Headings and free text
keywords for CINAHL. Supplemental Figure 1 detdliie search strategy. Searches were
restricted to peer-reviewed research in humansghedd in English between January 1, 1998

and October 8, 2016.
Inclusion and Exclusion Criteria

We tracked the eligibility and inclusion of artislasing the guidelines from the Preferred
Reporting Items for Systematic Reviews and Metalyses'* Articles were reviewed by one of
the authors (MA). The eligibility of abstracts afiudi-text articles was determined in accordance
with a review protocol that pre-specified inclusemd exclusion criteria. In the presence of
uncertainty regarding an article’s eligibility, disssion with study coauthors (KL, CU) achieved

consensus for all manuscripts.

Observational and experimental studies examineaith outcomes of adult (age >18
years) stroke patients (ischemic or hemorrhagitditated in either an IRF or SNF were
eligible for inclusion. In pursuit of the dual obfaves of comparing between care settings (IRF
vs. SNF) and characterizing facility-level factdrsving variation within and between these
settings, eligible studies had to provide siteareccomparisons and/or analyses incorporating
facility-level characteristics of the IRF or SNFe&use patients who have suffered from a
stroke may value regaining physical function andligy of life more than prolonging life, we

broadened our search considerations to includétheatcomes that may better capture these

6
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types of outcomes. Eligible studies had to reparofthe following health outcomes: 1) Site of
care after discharge from the post-acute carengeft) Change in physical function from
baseline to a later time point during the post-astidy or to a point after discharge from the
post-acute care setting; 3) All-cause or causepéospital readmission during or following

the post-acute care stay; 4) Change in qualityf@Blk measured quantitatively by one or more
validated scales during or following the post-aadee stay; and 5) All-cause mortality
measured during the post-acute stay or to a péiet discharge from the post-acute care setting.
Single-center studies, case studies/series (np863)y descriptive studies, unpublished
research, research in non-United States populatamsstudies conducted outside of the IRF

and/or SNF settings were excluded.

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

identified by the database searches. No additiai@les were identified from this process.
Data Abstraction

Information was extracted to describe the typedadé used, how recent the data were,
size of study, and study design (e.g., clinicall frcross-sectional, cohort). Many studies used
multiple linked data sources. For this reason,isted all of the data sources used in the study
and dates of data. To characterize the studyweextracted the number of facilities and the
number of patients included by site of care. Sdwdata elements were extracted to characterize
the patient population. We decided to report megnvath standard deviation in years and pre-
stroke site of residence as we believed theserfaatould be widely available and most
important to understanding the potential for confding in research comparing IRFs to SNFs.
Older patients experience worse outcomes aftaokest*® Also, it may be unrealistic to

believe that persons residing in a nursing homerbefuffering from stroke would return to the

7
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community. For each study, we extracted the spekéalth outcomes evaluated and the time
frame during which the health outcomes were medsWile some studies reported a specific
time interval for measurement (e.g., 120 days pdstission), others simply reported the length
of follow-up as “at the end of the post-acute stay"during the post-acute stay”. We also
extracted two secondary outcomes: length of pasteazare stay and cost. These were included

only when reported by studies which met inclusigteda and reported a primary outcome.

To develop a list of facility-level factors to eatt, we sought guidance from the general
nursing home literature linking facility charactgits to quality outcomes for all nursing home
residents. Disparities in resident characterigtind financial performance between nursing
facilities have been linked to differences in quatheasure performanc¢éFacility
characteristics (e.g., size, ownership, payeritdigion, quality) have been found to be
associated with community discharge and acute taspadmission from nursing facilitié$!®
Originally, we sought to focus our extraction orgh types of factors. However, given the few
studies available evaluating the role of faciliyl factors in outcomes for post-stroke patients,

we decided not to restrict our extraction of tlasility-level information.

Lastly, because there are different approachesdltyzing data (including choice of
effect measure, adjustment variables, and mod&dictgniques), we extracted key information
about the statistical analysis for each studytfive extracted the type of effect measure (e.qg.,
continuous variable measured by change in funetieasures, binary variable indicating death
within 90 days). Second, we extracted informatiegarding the analytic approach (e.g., Cox
model, linear model, logistic model). Third, we raxted the technique used to adjust for
confounding (e.g., covariate adjustment in mulisfale model, instrumental variable). Fourth,

we extracted which variables were considered afoaders. We then summarized the results
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of the study findings. We documented the crudeesbf measures to facilitate comparison
across studies. We also extracted a summary o$tadjdindings derived from the study. Often
studies presented a variety of comprehensive aemlys these cases, we selected a few
summary estimates to give a sense of the ranggtiofaes of effect from the study, rather than
to re-iterate all of the detailed estimates of @ff&ve did so because our end goal was to provide
a synthesis of findings rather than to conduct taraealysis. Lastly, when standard errors were
provided by the original article, we estimated 986afidence intervals to provide consistency in

reporting across the included studies.

Articles fulfilling all criteria for inclusion werénitially abstracted by one author (MA)
and the accuracy of abstracted data was subsegaeititienticated by a second reviewer (KL).
Any discrepancies detected by the second review discussed between the authors and

resolved.
Results
Sear ch Results

The PubMed and CINAHL searches yielded a totdl 059 titles after duplicate
removal. Upon elimination of 3,800 titles basedmupte review, 259 abstracts and 32 full texts
were reviewed for eligibility. Application of eligility criteria yielded 14 full-text articles
fulfilling inclusion and exclusion requirements gbre 1), of which 8 studies compared health
outcomes between patients rehabilitated in SNFIRR?°?" one of which also assessed
facility characteristic® and 6 studies only evaluated relationships betvieeitity
characteristics and health outcori&%’ The most common primary reason for exclusion was f

research conducted in non-US settings (n=115; 4)/.1%



171  Characteristics of Site of Care Studies

172 Table 1 shows the key characteristics of studiegpesing outcomes between sites of

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

174  conducted entirely prior to the implementationRFland SNF PPS, 3 with intervals overlapping
175 PPS implementation, and 1 after PPS implementafionr studies examined populations of

176  Medicare beneficiarie®: ?* **Two studies used a prospective cohort deSigme was cross-
177 sectionaf* and the remaining studies were retrospective ¢atodies>> %% *?°No

178  experimental studies were found.

179 Length of follow-up varied with the maximum lengihfollow-up being 1 yeaf® Three
180  studies defined duration of follow-up as admisgmpost-acute care until discharge and 5

181  studies used a set time point (e.g., range: 30 wayyear) (Table 1). The total study size varied
182 with the smallest study including 202 patiefitand the largest including 156,740 pati€¢fitShe
183  number of patients included ranged from 66 to 6880 IRFs, and the number of patients

184  included ranged from 29 to 87,844 for SN&i0ng three studies reporting the number of

185 facilities, the number of facilities ranged fronto/631 for IRFs and 10 to 239 for SNFs; other
186  studies did not report the number but encompassedrtiverse of Medicare reimbursed

187 facilities (Table 1). Among the studies reportirgg dy site of care, the average age of patients
188 rehabilitated in SNFs ranged from 68.7 years td §&ars while the average age of patients
189  rehabilitated in IRFs ranged from 62.9 years t@ ¥/éars (Table 1Jour studies reported

190  baseline functional status by site of care (Tabl&Skte of care studies often excluded nursing
191  home resident®) #*?*and where reported the pre-stroke residence fat patients was in the

192 community** Additional patient characteristics were summarireSupplemental Table 1.

193  Characteristics of Facility Variation Studies

10
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Studies assessing facility-level factors were jshield using data from 1993-2009, with 2
studies conducted entirely after both SNF and IRB nplementation, 1 entirely before, and 3
with intervals overlapping the dates of implemeota{Table 2)The six studies only included
patients rehabilitated in the IRF setting. In themlies, the number of included facilities ranged
from 37 to 1,209, with one study not reporting thuenber of facilities (Table 2A single study
comparing IRFs and SNFs also reported facilitydéaetors associated with the outcomes under

investigatior’

Across all 14 included studies, 7 studies did epbrt the site of patient residence prior

to the acute hospitalization for stroke.’ 293133

Outcomes: Site of Care Comparisons
Primary Outcomes

Table 3 shows a summary of the studies repormgparisons between SNFs and IRFs
for the primary outcomes of interest. Results aréesl by outcome (i.e., discharge site,
functional status, readmission, mortality). No séscevaluated quality of life as an outcome
measure. One of the 8 studies reported resultsaepafor freestanding and hospital-based
IRFs?! and another separately reported outcomes forigngageriatric and inpatient
rehabilitation unit$3 In the two studies directly comparing communityatiiarge between IRFs
and SNFs, patients rehabilitated in IRFs were rikety to be discharged to the community

than those rehabilitated in SN¥s?®

The functional outcome findings were informed bstddies comparing outcomes
between IRF and SNF settings. Larger functionahgaiere reported in SNFs versus

freestanding IRFs and IRFs within general hospitatsne study while greater functional

11



216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

ratings at dischargéand at 6 montH$ were reported among IRF rehabilitated patientstired
to SNF patients in two others; predicted functiageihs and actual functional gains were larger

for IRFs than SNFs in the fourth stuty.

The single study reporting predicted readmissiabability presented results stratified
by race/ethnicity> The study found differences in predicted probapit “bounce back” from
IRF or SNF (defined as readmission to emergencurde@nt or hospital) by racial/ethnic
groups among those initially discharged to SNF,found similar predicted probabilities of
readmission for those rehabilitated in IRFs (18%\ithites and Hispanics, 20% for Blacks).
Regardless of racial/ethnic group, predicted proibi@s of readmission from IRFs were less

than predicted probabilities of readmission from 8NFs?

With respect to all-cause mortality, 3 studies pted comparisons between IRF and
SNF settings. In each study, patients dischargédfs were consistently estimated to have
lower adjusted mortality risk than patients disgeg@rto SNFs (Table 3). The 2.6% lower
mortality risk in IRFs versus SNFs estimated usirsgrumental variable methods was
numerically smaller than the 3% (in black patietds§% (in white patients) differences in
predicted probabilities of mortality estimated imogher study and a 4.9% difference estimated in

the same study using methods that did not accounirfobserved confoundets®®
Secondary Outcomes

Table 4 summarizes comparative studies with regpdength of stay and cost. Two
studies provided comparisons of length of stay betwiRF and SNFs, with contradictory
evidence. In a Medicare population, patients céoed the IRF setting stayed on average 2

days less than in the SNF settfidn the Veterans Administration system, shortegtes of

12
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stay were observed in patients rehabilitated in SéFmpared with inpatient geriatric and
rehabilitation unit$3 The latter study used a SNF definition that ineldighatients cared for in
nursing homes, intermediate care settings, or subaare wards. Two studies reported the
secondary outcome cost by site of care. Both refdawer costs for SNFs versus IRES?A
$11,261 difference in 120-day post-discharge Medipayments was reported when the
estimate was adjusted for unobserved confoundérg usstrumental variable methods and a
$10,368 difference was reported in the same stutgnvenly adjusted for observable
characteristicd’ The other study reported consistently lower cvstae SNF setting across

strata of baseline cognitive and functional impaim?
Facility-L evel Characteristics

Across all studies a total of 28 facility charaistics were reported, 26 of which were
incorporated into the statistical analysis in asteone study (Table 5). Facility characteristics
evaluated as primary exposures were local area etitiop ”® rehabilitation team efficacy? and
volume of patientd® Other facility characteristics were included indets as potential
predictors or covariates for adjustment purposhs.viblume of facility characteristics identified
was heavily driven by a single study which colleigeimary data on personnel, coordination of
care, physical facilities, and hospital characties$® An exploratory backwards selection
process identified a few characteristics as sigaiifily associated with community discharge and
length of stay?>Another study collected primary data on team fuomitig, management
practices, and physician leadersfiijgVhile this study did report several statisticalignificant
findings, had Bonferroni corrections been applieds unlikely any of the findings would have
achieved statistical significané&0One study demonstrated a small, but statisticadjgificant

association between prospective payment systemeragmand reductions in length of stay,

13
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discharge to home, and functional g&ihEstimates of effect relating facility factors toicy
outcomes are reported in Supplemental Table 2, Wemtbe minimal overlap between

characteristic-outcome pairs across studies lisuitamative interpretation.

Three studies described facility variation. Fagiékplained 6-7% of variation in
functional gains® 32 One study estimated that 3.4% of home discharrjatian was due to
facility.®° Another study estimated that 7% of variation indiional gains and 13% of variation
in length of stay was attributed to facility (caap®nding to 23% and 38% of total explained
variance in functional gain and length of staypessively)®? This study noted that over 60% of
variance in health outcomes (length of stay andtfanal gain) remained unexplained by their

statistical model&?
Discussion

This systematic review represents the broadest itatmop to date of research comparing
post-stroke outcomes between institutional posteacare settings. A 2009 Cochrane Systematic
Review was unable to find eligible studies whicimpared rehabilitation outcomes between
post-acute care setting5Our synthesis of 8 eligible observational studibgch compared
outcomes by post-acute site of care generally efigmith the expectation that increased therapy
intensity in the acute IRF setting would yield méaeorable rehabilitation outcomes at a higher
cost compared with the subacute SNF setting (T&b&4). Concerns that differences in care
delivered between care settings other than thosdalsite of care limited the scope of the
Cochrane review to randomized controlled trials quasi-experimental desigfisin contrast,
we believed that understanding variation in heaitttomes owing to facility-level phenomena
could be useful to guide the development of reguriat best practice documents, and

reimbursement models that facilitate investmervilence-based structures and processes.

14



284  Toward that goal, we identified 7 studies whichaligged facility-level variation and evaluated
285 facility-level factors associated with rehabilitatioutcomes in patients with stroke. Our initial
286  enthusiasm for synthesizing the role of facilityrdcteristics driving health outcomes in post-
287  acute stroke care was dampened by the paucityctdfriastudied in the SNF setting and the
288  minimal impact such factors appeared to have otttheatcomes in IRFs. One consistent

289  finding in the current review was substantial figilevel variation in health outcomes for

290 patients discharged to post-acute care after kestro

291 Medicare regulations require that IRFs meet thrieishior intensive therapy

292  administration and rehabilitation physician supgioi, while also stipulating that the inpatient
293 setting should be reserved for patients with suitistapotential for improvemerit. These

294  criteria create an environment where patients dierentially selected for IRF care and larger
295 investments in therapy would be expected to prodheter rehabilitation outcomes, as was

296  observed in all but one study comparing IRFs an&sSiPreviously, differences in age and

297 comorbid disease burden between settings haveaseeibed to the purposeful selection of a site
298  with or without increased therapy intensitWe observed older age for SNF versus IRF patients
299 in all 7 studies which reported age by site of qdble 1). To address selection bias, the most
300 commonly applied statistical method used by reviestedies was the inclusion of a

301 comprehensive list of sociodemographic, clinicalj aomplexity variables in multivariable

302 models. Despite the expansive list of covariatadtivariable methods do not adjust for

303 unmeasured variables. Two studi®$?however, applied an instrumental variable analysis

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

305 from these two studies suggest instrumental vagiatgthods do remove further bias from post-

15
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acute site of care studies, the results from biitiiss employing the instrumental variable

approach still favored IRFs.

The American Heart Association and American Stidgsociation guideline for stroke
rehabilitation and recovery describes the seleaiicthe site of post-acute care as a
multifactorial decision dependent upon “the seyenitresidual neurological deficits, resulting
activity limitations, cognitive and communicativkiléty, psychological status, swallowing
ability, premorbid functional ability, medical comadities, level of family/caregiver support,
likelihood of returning to community living, andility to participate in a rehabilitation
program”>* Beyond these factors, other considerations sugeagraphy, market dynamics, and
cost contribute to the selection of a setting fostpacute car& **Historically, the site of care
and the quantity of therapy administered have lobserved to be discordant from the medical
complexity and the specific therapy needs of theepe® In one study included in our review,
researchers estimated that in the six weeks pastestonly 23% of patients received post-acute
care in a setting where they could achieve the mawi functional improvemenrt.Given that
these estimates were derived from a study conductie: pre-PPS era for SNFs and IRFs
(before 1998), the extent to which these finding®ged to contemporary health care practices

remains unknown.

Medicare payments surpassed post-acute provides bpd9% in 2013, highlighting the
potential for gains in post-acute care efficiefdgcreasing the amount of therapy produces
improved outcomes in both IRF and SNF settittg¥, *®however limited available research
suggests that in practice the amount of therapylagreceived by stroke patients may have
been similar historically in samples from both eoximents In our review, three studies

assessed facility-level variation in health outcerard found extensive between-facility

16



329 variation®**?However, most studies including specific facifiagtors suggested that such
330 factors were minimally associated with health ontes for patients with stroke (Supplemental
331 Table 2). We believe that understanding the conaidde variation in the provision of care and

332 health outcomes across facilities warrants furimegstigation.
333  Policy Implications

334 If implemented, the shift to a unified PPS for pasute care will require waiving of site
335  of care specific regulatory requirements that abate to the steering of patients and higher
336  operating costs for certain settings (IRFs, LTCHY.establishing a uniform reimbursement
337 system, the goal is for the patient, caregiverd,the care team to be able to select the optimal
338 site of care for the patient while holding impottérerapy-related and financial factors

339  constanf From the perspective of post-acute care providemsified PPS is anticipated to

340 confer the benefit of a more predictable profit gnamcross the spectrum of patient medical
341  complexity’ Materially, under a uniform PPS payments to IREsexpected to decrease by 12%
342 and payments to SNFs are estimated to increas@olgsé result of the shift to medical

343  complexity based reimbursement. Other estimatedggsin payments include a 10% increase
344  for non-profit facilities and the likely eliminatioof teaching and rural payment adjusfefée

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

346  post-acute care providers remains to be determined.

347 The post-acute care provider response to constt@agments under PPS has been
348  complex and variable across markets and clinicatlitmns®® One reviewed study found

349  contrasting effects of post-acute care providermetition on the costs and health outcomes of
350 stroke and hip fracture patiefftsincreasing intensity of local competition for $tegpatients

351 vyielded decrements in health outcomes and lowes caile costs swelled and outcomes
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improved with rising competition for hip fracturatfents?® The present review highlights the
scarcity of stroke-specific evidence regarding {axstte care provider responses to economic
incentives and market conditions. As any unifie&RW® still be inherently limited by the fee-
for-service design, diligent monitoring and apprafaly selected quality measures will remain

essential to prevent stinting on care and undesiegettion of patients based upon fisk.

The site of care selection process for patientsjli@s, and providers has already been
impacted during the current era of value-basedhasiag and provider consolidation. The
evolution of integrated and contractual businekgiomships exemplified by the emergence of
accountable care organizations and bundled paymigatives may concentrate hospital
referrals to select post-acute care providers. @ovailing forces such as the augmentation of
public reporting and consumer utilization of infaton on provider quality may also influence
site of care selection patterns and health outcoAld®ugh the earliest a transition to a uniform
post-acute PPS will occur is 2023, MedPAC has recended near-term action to reform post-
acute care payment through a site-neutral policyR&s and SNF& This recommendation was
informed by an earlier MedPAC analysis of Medigaatients which reported comparable risk-
adjusted hospital readmission rates, mortalitysidtenctional changes, and expenditures in the
30 days after an IRF or SNF stay following a strakejor joint replacement, or other hip/femur

proceduré?

In the longer term, episodic reimbursement strgctigimilar to the Bundled Payments
for Care Improvement initiative has been descriéied preferred payment mechanism for
incentivizing coordination of care through sharedoauntability, while overcoming current
problems posed by complex post-acute traject8rfé$lowever, concerns remain regarding the

potential for providers to engage in undesiraldk-based patient selection practices and
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396

compensatory attempts to inflate the volume ofages in order to maintain revenues sufficient
to cover high fixed cost&. This review emphasizes the urgent need for heealthices research
to elucidate meaningful differences between sitgmst-acute care and to determine prominent

factors such as competition that may influence plenbehavior and patient outcomes.
Strengthsand Limitations

The few eligible studies comparing post-stroke omtes between IRFs and SNFs limit
our ability to draw strong conclusions. No studiese experimental. Most studies used
administrative data sources collected for otheppses and as such were susceptible to bias.
Several included studies predated the IRF and SR&: Phe applicability of findings from these
studies to the current healthcare environmentksiown. Further, the most recent data available
for comparisons of health outcomes between SNF3Rifsl were 7 years old. The large-scale
changes in the healthcare delivery system singditha emphasize the need for continued
original research. Studies evaluating facility-lefeetors were scant with 6 of 7 eligible studies

focused solely in the IRF setting (Table 2).

This review focused on peer-reviewed research adedun the United States, which
improved the internal validity of included studi€sirthermore, our inclusion of non-
experimental studies of actual care processes @athroutcomes offers an advantage because it
provides broader insight than what is typicallyetved in the controlled setting of clinical trials.
We believe these decisions provide a synthesisfofmation more relevant to ongoing
discussions in the United States regarding chaimgesst-acute care quality measurement and
payment policies. Indeed, the large and geograjidaerse populations included in the

eligible studies underscore this strength.
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Conclusion

Our review underscores the dearth of literaturelavia to determine the extent to which
historical differences in reimbursement under diggalRF and SNF payment systems have
productively contributed to improved health outcerfar stroke patients as opposed to
inefficient resource allocation. Therefore, it viok critical to develop a deeper and
contemporary understanding of the role of the pasite care setting and its attributes (e.qg.,
staffing, rehabilitation team composition and edfig, volume/size, teaching status, location, and
market dynamics) in determining health outcomesviait for stroke patients, providers, and
payers. This research should be prioritized to ensimbursement levels implemented under a

unified or bundled system will be sufficient to ep\high-quality care regardless of the setting.
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Figure Legends

Figure 1. PRISMA Flow Diagram for Selection of Eligible Studies of Skilled Nursing Facility and I npatient Rehabilitation Hospital for
Post-Stroke Care
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Table 1. Characteristics of Studies Comparing Outcomes Between SNF and | RF Rehabilitated Patients Post-Stroke

Site(s) of Study Primary and
Rehabilitation: Design Secondary
Author | Data Source # Facilities Mean Agein Years | Mean Baseline Follow-up Study
(Year) | (Study Period) # Patientswith stroke | (SD) Function (SD) Duration Outcome(s)
Primary Exposur e of Interest: Site of Care
Kaneet | Medicare automated | SNF: SNE: SNE: Prospective | Functiona gain
al. dataretrieval # facilities not 81.1(7.3) Pre-stroke ADL cohort
(2000) | system; patient recorded; 123 patients Score (0-100): 84
surveys, medical Surveys at 6
record abstraction IRF: IRF: IRFE: weeks, 6
(Not recorded but # facilities not 75.5(7.6) Pre-stroke ADL months, 1
before July 1997) recorded; Score (0-100): 92 | year
79 patients
Hoenig | Mailed survey of SNF: SNF: Not recorded Cross- Community
etal. Veterans Health 49 facilities; 1,582 68.7 (9.2) sectional discharge
(2001) | Administration patients
Acute Care and Rehabilitation Post-acute Secondary
Rehabilitation; Rehabilitation unit: unit: care duration | outcome:
Extant Veterans 61 facilities; 3,586 67.8 (9.8) Length of stay
Health patients
Administration Geriatric Unit:
databases Geriatric Unit: 67.5(9.8)
(1995 to 1996) 31 facilities; 1,431
patients
Deutsch | Uniform Data SNE: SNE: SNE: Retrospective | Community
etal. System for Medical | 239 facilities; 79.0 (8.4) Motor FIM: cohort discharge
(2006) Rehabilitation; 3,810 patients 39.7 (16.7) Functional status
Medicare Provider Post-acute
and Anaysis IRF: IRF: careduration | Secondary
Review (1996 to 631 facilities, 76.0 (8.5) IRF: outcome:
1997) 54,914 patients Motor FIM: Part A Medicare
41.8 (14.6) payments
Buntin | Medicare Provider | SNF: SNE: Not recorded Retrospective | All-cause




etal. and Anaysis # facilities not 81.1(7.4) cohort mortality
(2010) Review; Minimum | recorded; 87,844
Data Set; Area patients 120 days Secondary
Resource File; IRF: outcome:
Provider of Services | IRF: 77.7(7.2) Part A Medicare
(2002 to 2003) # facilities not payments
recorded; 68,906
patients
Kindet | Medicare Provider | SNF: Average age not Not recorded Retrospective | Readmission
al. and Anaysis # facilities not available by site of cohort Mortality
(2010) Review; recorded; care.
Provider of Services | 19,434 patients 30 days
(1999-2000) White: 80 (7.4);
IRF: Black: 78 (8.0);
# facilities not Hispanic: 79 (7.5)
recorded;
11,849 patients
Wang et | Kaiser Permanente | SNF': SNFE": Not recorded Retrospective | Mortality
al. CdliforniaHealth # facilities not 75.5(10.7) cohort
(2011) System Claims recorded; 14,628
(1996-2005) patients 365 days
IRF":
IRF": 64.4 (12.5)
# facilities not
recorded;
2,720 patients
Chanet | Kaiser Permanente | SNF: SNF: SNF: Prospective | Functional status
al. Health Care System | # facilities not 79 (10.2) AM-PAC Motor: | cohort
(2013) Northern California | recorded; 40
(2008-2010) 29 patients 6 months
IRF: IRF:
IRF: 67 (14.0) AM-PAC Motor:
# facilities not 33
recorded;
66 patients

Primary Exposur e of Interest: Therapy Intensity

2




Chen et
al.
(2002)

Uniform Data
System for Medical
Rehabilitation
(1996 to 1997)

SNF*: SNF:: SNF::

10 facilities; 77.9(9.9) Transformed

~216 stroke patients Median Motor
FIM (0-100): 21.4

Hospital IRF*: Hospital IRF®: Hospital IRF®:

3facilities; 73.2(13.2) Transformed

~133 stroke patients Median Motor
FIM (0-100): 21.4

Freestanding | RF*: Freestanding IRF®: | Freestanding

7 facilities; 74.6 (13.7) IRFS:

~197 patients Transformed

Stroke patients: 75 | Median Motor

(11)

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.
SEstimates provided for al 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)




Table 2. Characteristics of Studies Assessing Facility-L evel Factors among I npatient Rehabilitation Facilities

Author Data Source # Facilities Mean Age | Primary Primary and
(Year) (Study Period) # Patients inYears, Exposur &(s) of Secondary
(SD) Interest Study Outcome(s)
Reker, Veterans Administration 37 facilities 67.0 (10) Facility Functional gain
O’Donnell, | Uniform Data System 3,576 patients Case-mix adjustment
and Hamilton| (1993 to 1996) by individual-level | Secondary outcome:
(1998) factors Length of stay
Strasser et all Veterans Administration [ npatient and 67.4 (11.6) | Rehabilitation team Functional gain
(2005) Functional Status Outcomes| subacute functioning, Community discharge
Database; rehabilitation units: supervisor
46 facilities expectations, and | Secondary outcome:
Team member survey (1997| 1,678 patients administrative Length of stay
to 1998) (530 rehabilitation support
team members)
Collaetal. | Medicare Provider and 911 facilities 76.3 (9.1) Post-acute care Death or
(2010) Analysis Review; Provider off 47,434 patients competition institutionalization
Services; Medicare (180 days)
Beneficiary Summary File;
Minimum Data Set; Area Secondary outcomes:
Resource Files Length of stay
(2002 to 2003) Cost
Dobrez et al. | eRehabData # facilities not 68.8 (10.4) | IRF Prospective Functional gain
(2010) (1998 to 2006) recorded Payment System Community discharge
98,151 patients payment Secondary outcome:
Length of stay
Graham et al{ Uniform Data System for 717 facilities 71.5(11.9) | Volume Functional gain
(2013) Medical Rehabilitation 202,423 patients Community discharge
(2006-2008)
Reisetter et | Medicare Provider and 1,209 facilities 78.4 (7.2) Facility Functional gain

al. (2015)

Analysis Review; IRF-Patient 145,460 patients

Assessment Instrument;
Provider of Services;
Medicare Beneficiary
Summary File

(2006 to 2009)

Hospital referral

region

Abbreviations. inpatient rehabilitation facility (IRF), Patients8essment Instrument (PAI), functional independemeasure (FIM)




Table 3. Differencesin Health Outcomes by

Site of Rehabilitation (IRF and SNF) Among Patients with Stroke

Author Analytic
(Year) Approach Comparison Crude Per centages or M easur &(s) Summary of findings
Means
Community Discharge
Deutsch et Multivariable | IRF vs. SNF | Stratified by disability level:| aOR Community discharges in IRF more comman
al. (2006) | logistic (Reference) Minimal motor: 95% CI than in SNF for these patients:
model |RF: 98.6%;SNF: 98.6%
Mild motor/mild cognitive: Mild motor disabilities and cognitive ratings:
IRE: 96.7%;SNF: 91.7% aOR: 2.19; 95% CI: 1.52-3.14
Minimal motor/significant
cognitive:
IRE: 90.6%;SNF: 88.3%
Moderate motor: Moderate motor disabilities:
IRF: 92.3%;SNF: 84.2% aOR: 1.98; 95% CI: 1.49-2.61
Significant motor: Significant motor disabilities:
IRF: 85.8%;SNF: 79.3% aOR: 1.26; 95% CI: 1.01-1.57
Severe motor--
patients> 82 years:
IRF: 54.6%;SNF: 49.4%
patients < 82 years: Severe motor disabilities, patients <82 yeatrs:
IRF: 66.4%;SNF: 52.0% aOR: 1.43; 95% CI: 1.25-1.64
Hoenig et | Multivariable | Rehabilitation | Rehabilitation unit: 75.0% | aOR Relative to those in SNEpatients in
al. (2001) | logistic unit and Geriatric unit: 71.8% 95% ClI rehabilitation units (aOR: 1.91; 95% CI 1.47-
model geriatric unit | SNF": 66.6% 2.50) and geriatric units (aOR:1.43; 95% C
vs. SNF 1.03-1.97) had increased odds of being
(Reference) discharged home.
Physical Functioning
Chen et al] Multiple IRF and Acute | Average Rasch-transformed Standardized Patients in SNFs made larger gains in
(2002) linear model | hospital vs. Mobility Gain (range 0-100)] p Coefficient | mobility than patients in IRF (-0.20; p<0.05
SNF 17 or patients in acute hospitals (-0.16; p<0.05).

(Reference)




Deutsch et Multiple IRF vs. SNF Discharge FIM motor rating| Adjustedf Clinically relevant functional gains (>2 FIM
al. (2006) | linear model | (Reference) stratified by disability level: | coefficient | units) in IRF more common than in SNF for
Minimal motor: representing | these patients:
IRF: 86.6;SNF: 85.0 | the mean
Mild motor/mild cognitive: | FIM
IRF: 79.2;SNF: 78.3 | difference
Minimal motor/significant | (IRF-SNF)
cognitive:
IRE: 77.5;SNF: 77.5 | 95% CI
Moderate motor:
IRFE: 73.1;SNF: 71.1
Significant motor: Significant motor disabilities:
IRF: 67.1;SNF: 64.9 adjuste@: 2.40; 95% CI: 1.19-2.66
Severe motor-- Severe motor disabilities—
patients> 82 years: patients>82 years:
IRFE: 46.1;SNF: 40.1 adjuste@: 2.39; 95% CI: 1.45-3.32
patients < 82 years: patients <82 years:
IRF: 49.8;SNF: 41.8 adjustef: 4.24; 95% CI: 3.45-5.03
Kane et al.| Multiple IRF vs. SNF | Average percentage change Adjusted Relative to those in SNFs, patients in IRF
(2000) linear modél | (Reference) in the activities of daily mean settings regained more activities of daily
living score at six weeks, 6 | functional living at six weeks. Despite some rebound
Instrumental months, and 12 months. dependency | loss of activities of daily living between 6 and
variable Crude average change valuescores 12 months, IRF patients fared better than SNF
analysis were not provided. patients (Figure 2 of manuscript).
IRF: Predicted Patients discharged to SNF would have
6 weeks: 23.2% improvedgain in achieved maximum functional improvement
6 months: 13.9% improved functional had they been discharged to home with health
12 months: 7.8% improved improvement| care.
SNF: in optimal
6 weeks: 0.7% improved post-acute | Additional gains in function by optimal post;

6 months: -5.9% worsene
12 months: -6.7% worsene

dcare setting
d

acute care location for patients actually in
SNF and IRF settings differed most at 6
weeks [RF: 3.1%,SNF: 16.9%) and were
similar at 6 monthslRF: 15.5%,SNF:
18.3%) and 12 month$RF:15.9%,SNF:
16.2%)




Chan et al] Multiple SNF vs. IRF | AMPAC score at 6 months:| Adjustedp Results from two models were reported, on
(2013) linear modél | (reference IRF: 52 coefficient | adjusting for hospital readmission and
representing | quantity of therapy (adjustdii -10.1; 95%
SNF: 43 the mean Cl: -15.0 to -5.2), and the other model not
AM-PAC adjusting for readmission and quantity of
difference therapy (adjustefl: -6.1; 95% CI: -11.2 to -
(SNF-IRF) | 1.0).
95% ClI
Hospital Readmission
Kind et al. | Unspecified | IRF and SNF Crude estimates not availglReedicted Predicted probabilities of readmission less
(2010) statistical by site of care. probability | IRF than SNF in each racial/ethnic group.
model with of Blacks:
robust readmission | 1RF: 20%; 95% CI: 17.9-22.7
variables (hospital or SNF: 26%; 95% CI: 24.2-28.6
estimates to emergency | Hispanics:
account for department) | |RF: 18%; 95% CI: 13.1-22.9
clustering of SNF: 28%; 95% CI: 24.0-32.6
patients 95% ClI Whites:
within IRF: 18%; 95% CI: 17.3-19.1
hospital$ SNE: 21%; 95% CI: 20.3-21.9
All-cause Mortality
Buntin et | Generalized | IRF vs. SNF | Mortality within 120 days | Absolute Use of IRF reduced mortality by 2.6
al. (2010) | estimating (Reference) IRF: 6.2% difference in | percentage points compared to SNFs.
equations 120-day
(binary SNF: 14.7% mortality adjusted: -2.58; 95% CI: 0.96-4.16
logit)*
95% ClI
Instrumental
variable

analysié

for




Kind et al. | Unspecified | IRF and SNF Crude estimates of 30-day| Predicted Predicted probability of death in IRF settings
(2010) statistical mortality not available by | probability | lower than SNF settings in each racial/ethnjc
model with site of care. of 30- day | group.
robust mortality Blacks:
variables among those| [IRF: 2%; 95% CI: 1.6-3.3
estimates to with no SNF: 5%; 95% CI: 4.2-6.1
account for readmissiong Hispanics:
clustering of IRF: 1%; 95% CI: 0-1.5
patients 95% ClI SNF: 5%; 95% CI: 3.2-6.3
within Whites:
hospital$ IRF: 2%; 95% CI: 1.9-2.5
SNE: 8%; 95% CI: 7.2-8.2
Wang et | Cox IRF vs. SNF | Stratified by the highest levelAdjusted Patients in IRF settings died at a rate less than
al. (2011) | proportional | (Reference) of post-acute care within 14| hazard rate | half that of those in SNF settings.
hazards and 61 days: ratio
multivariable Post-acute (14 days): Post-acute (14 days):
model” IRF: 4.4% 95% Cl Adjusted hazard ratio: 0.33
SNF: 21.4% 95% CI1 0.24-0.45
Post-acute (61 days): Post-acute (61 days):
IRF: 4.3% Adjusted hazard ratio: 0.42
SNE: 16.2% 95% CI1 0.33-0.53
"Covariates included were time from stroke onseekmbilitation admission, admission FIM motor rgtindmission FIM cognitive rating
age, hemorrhagic versus non-hemorrhagic strokeepoe of left-sided, right-sided, or bilateral g&gpresence of a tiered comorbidity,
visual field deficits, living alone, median hous&hmcome, race (Black, White, Other), sex, geofrapegion, and site of care (IRF, SNF).
'SNF classification included nursing home, intermagglcare, or subacute care ward. Covariates intlweee patient characteristics: age >

70 years, white race, Charlson comorbidity indetybation, length of stay, second bed section atedwed, and site of post-acute care
(rehabilitation unit, geriatric unit, SNF)

*Covariates included were factors measured at admigself-care, mobility, cognition), age, sex,rdqgy intensity, length of stay, days
since onset, interrupted stays, and site of caregi@l hospital, IRF, SNF).

*Covariates included discharge activities of daihng score, sum of activities of daily living antstrumental activities of daily living
prior to hospitalization, patient’s self-expectetivaties of daily living score at six weeks aftevspital discharge, sex, age, race, living
arrangement, cognitive status, presence of cathgtgent’s ability to exercise prudent judgeméeialth status prior to hospitalization,
HMO membership, city, patient’s role in dischargeidion making, length of hospital stay, hospitpbst-acute care facility ownership,
informal support given before hospitalization, sdand economic status of caregiver, acuity scoaglaission, comorbidity, diagnosis
related group severity scores, and instabilitytrimaents used were predicted probabilities of djmedischarge site of care.

ICovariates included age, body mass index, basklimaional status, inpatient Modified-Rankin scdristory of prior stroke, Charlson
comorbidity index.

'Covariates included age, sex, region, index hdgmtaon admission year, length of hospital staj)® membership, Medicaid indicator




variable, comorbidities, measures of stroke seyémiechanical ventilation and presence of gastrogtiube), neighborhood
socioeconomic characteristics including percent @deyears of age with a college degree and peledatv the poverty line, and indicator
variables for site of care (home, home with hegdtte, IRF, SNF).

*Covariates included patient demographic (age, quarsd, sex, interaction of age and sex, racenimiral, Medicaid) and clinical
characteristics (13 comorbidities and 17 complaratithat could influence outcome of post-acute)cardicators of type of stroke,
hospital facility factors (size, teaching statusnership, % Medicare, case-mix, and % low incoroelnty-level HMO penetration, and
indicator variables for site of care (IRF, SNF, @ninstruments used were patient-specific measafrascessibility and proximity to post-
acute care providers.
"~ Covariates included age, age squared, sex, rabiaiéegroup, previous stroke, Charlson-Deyo conditpindex, service area, acute care
length of stay, and dummy variables for site obqautpatient visits, home health care, IRF, SNF).

Abbreviations: skilled nursing facility (SNF), inpatient rehakdion facility (IRF), adjusted odds ratio (aOR)néidence interval (Cl),
Functional Impairment Measure (FIM), health maiatere organization (HMO)




Table 4. Differencesin Length of Stay and Cost by Site of Rehabilitation (IRF and SNF) Among Patients with Stroke

Author Crude
(Year) Analytic Comparison Per centages or M easur g(s) -
Approach M eans/M edians Summary of findings
Length of Stay
Deutsch et | Appeared to be IRF versus SNF Graphically shown | Length of stay Across most case-mix groups, the
al. (2006) | descriptive. stratified by case- | (days) median length of IRF stay was
mix group. significantly shorter than the median
Median, 10" and | length of SNFF stay. When not shorter,
90™ percentiles the median length of stay appeared
similar by setting (Figure 2).
Hoeniget | Kruskal-Wallistest | Rehabilitation unit, Mean B coefficient for | Relative to those in the SNFs , the
al. (2001) Genera hospital unit, | (standard log-transformed | length of stay for patientsin
Mixed model versus SNF deviation) of total acute and | rehabilitation units was ~2.0 days
ANOVA conducted | (Reference) Rehabilitation post-acute care greater and for those in geriatric units
on logarithm unit: length of stay ~1.7 days greater.
transformed length 21.5(25.5)
of stay adjusting for Geriatric unit: Rehabilitation unit:
clustering of 19.9 (24.4) adjusted B: 0.30; p-value=0.0001
patients within SNF': Geriatric unit:
hospitals 16.6 (27.3) adjusted : 0.24; p-value=0.001
Medicare Part A Cost
Deutsch et | T-tests conducted IRF versus SNF IRE: Facility-specific | The higher IRF costs relative to SNF
al. (2006) | on logarithm- $12,320 median modifications costs was apparent across al case-mix
transformed dollars, SNE: (e.g. wage, groups, but increased with increasing
stratified by case- $6,215 median indirect medical disease severity (e.g., IRF costs
mix group education, rural, | $2,106 more than SNF for case-mix
share of low group 101; $8,733 for the combined
Details of how income patients) | case-mix groups 109, 113, and 114).
adjusted estimates were removed

were obtained were
not included.

from Medicare
Part A payments
which were then
converted to 1997
dollars.

Median, 10" and
90" percentiles




Buntinet | Generaized IRF versus SNF Mean Adjusted mean IRF costs on average $11,261 more
a. (2010) | estimating (standard differenceintotal | than SNF costs (95% confidence
equations (linear deviation) post-acute care interval:
model) ' IRF: Medicare $10,933 - $11,590).
$29,160 ($23,630) | payments within
Instrumental SNF: 120 days of
variable anaysis' $19,039 ($14,383) | hospita discharge
(real dollars
2002-2003)

"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)




Table5. Facility-L evel Characteristics Reported by Study

c Q
= ) g 8 5 > el &l* 2] Sl = =y | > S| =
EEEREE R E RN E S EE R
=| ® 3| o & Q| & | <| o €| = 2| €| o| B T O ©
o m = Q| ®| O 83.90')8 oOCUHOohq_aj >
m‘gu-ﬁﬁ—'hL_nfﬁﬂs.:E:g = S| 8| = —| O £| B ©
LL meﬁmiﬁomf>+@3_08%cotm>g > El gl =
ol Ll Bl 2 2| 5 B|w| = £ 2= g g I = 5% 2 5 = 8 £ 2 g
S5 €| 22 2285 L5 25 8Lss R E 55 2EE
2 £ 513 Oz E 5|5 8 5% S 3¢ & slEE S E 35z
8‘8—2: ‘Go-‘:8|—50. = O O 8 &l B B 5 5| 3 %Q
g <l =| |2 2 & = S S -l a | 28w 23D
T S5 — % o H+ e} ol O < 5 b
Author (Year)
Reker, O’Donnell,
and Hamilton M|v|Vv
(1998)
Strasser et al.
v v |V
(2005) |4
Colla et al. (2010) MMM MMM M M|~
Dobrez et al. (2010 M M| M M
Graham et al. 7
(2013)
Reisetter et al. 7
(2015)
Site of Care Comparison Studies
Kane et al. (2000)
Hoenig et al. (2001 4| M 4| M MA MMM A A M
Chen et al. (2002) v
Deutsch et al.
(2006)
Buntin et al. (2010)
Kind et al. (2010)
Wang et al. (2011)

v'= reported descriptivel\1 = incorporated into statistical analysis

"The organizational context domain was composedales for administrative support and supervisoeeiqtions. The team
functioning domain was composed of scales for tegganization, task orientation, innovation, intefgssional relations,

communication, teamness, effectiveness, and utfityuality information.

'Composed of variables: nurse specialization irkstr®T specialization in stroke, # of different pltyan specialists, # of new
graduates, proportion of paraprofessionals.




‘Nurse, allied health professional, and physiciaffisiy ratios.
*Composed of variables: diversity of rehabilitatequipment, ankle-foot orthosis, simulated home remvinent, adaptive kitchen,

adaptive bathroom.

IComposed of variables: # of different professiomdleam meetings, guideline use, escort servimbr@nding therapist as treating
therapist.

Abbreviations: skilled nursing facility (SNF), inpatient rehatakion facility (IRF), physical therapy (PT)




Post-Acute Care Setting, Facility Characteristicsand Outcomes: A Systematic Review

Supplemental Content: 2 Tables and 1 Figure



Supplemental Table 1.
Patient Characteristics in Studies Comparing Outcoras Between SNF and IRF Rehabilitated Patients PoStroke

Author
(Year) Female (%) White (%) Comorbid Disease Summayr Cognition
Kane et al. | SNF: 65.0 SNF: 95.9% Comorbidity score ranging from 0-20Cognitive status ranging from 0-10:
(2000) SNF:7.6 SNF:6.0
IRF: 63.3 IRF: 87.3%
IRF: 6.8 IRF: 3.9
Hoenig et | SNF: 1.8 SNF : 82.9 Charlson comorbidity score, % with| Not reported
al. (2001) less than 4 comorbidities
Rehabilitation unit: 1.6 | Rehabilitation unit: | SNF : 25.2
63.1
Geriatric Unit: 1.3 Rehabilitation unit: 27.2
Geriatric Unit:
63.9 Geriatric Unit: 27.4
Deutsch et | SNF: 59.6 SNF: 89.5 SNEF: 88.8% without IRF PPS listed| Cognitive FIM rating
al. (2006) comorbid diseases SNF:22.1
IRF: 55.2 IRF: 83.7
IRF: 88.5% without IRF PPS listed | IRF: 22.6
comorbid diseases
Buntinet | SNF:66.0 SNF: 84.6 SNE: CAD (23.2%), CHF (19.6%), | Dementia diagnosis, %
al. (2010) diabetes (22.7%) SNF: 19.4%
IRF: 57.3 IRF: 82.3 IRF: CAD (24.2%), CHF (14.4%)),
diabetes (24.9%) IRF: 6.6%
Kind et al. | Not reported by site of | Not reported by site| Not reported by site of care Not reported by sfteawe
(2010) care of care
Wang et al.| SNF: 55.3 SNF:71.9 Deyo-Charlson comorbidity index, %Not reported
(2011) with 3 or more comorbidities
IRF: 41.3 IRF: 59.6 SNF: 27.7
IRF: 18.1
Chan et al. | SNF: 58.6 SNF:79.3 Modified Charlson comorbidity indexMean AMPAC cognitive score at
(2013) SNF:1.4 hospital discharge
IRF: 50.0 IRF: 60.6 SNF: 36

IRF: 1.8

IRF: 36




Chen et al.
(2002)

SNF': 67

Hospital IRFf: 62

Freestanding IRF%:65

Not reported

Not reported

Transformed cognitive ROMLOO)
SNF': 84.7

Hospital IRF: 63.7

Freestanding IRF: 66.6

"SNF classification included nursing home, interragglcare, or subacute care ward.
"Estimates provided for all patients in the studpeathan just patients with stroke.

Abbreviations: Skilled nursing facility (SNF), inpatient rehatation facility (IRF), functional independence rsage (FIM), Activity
Measure for Post Acute Care (AM-PAC), coronaryrgrtBsease (CAD), congestive heart failure (CHF)




Supplemental Table 2. Estimates Relating Facility evel-Factors with Health Outcome$

14

'g;gg?)r Agﬂé’g;’:‘%’;%iﬁ?'e Crude [I)\;Iaéc;enr;tages or Facility Factor Summary of Findings

Physical Functioning
Reker, Analysis of Mean total FIM across 37 | Facility The adjusted mean total FIM gain acrosslifees
O’Donnell, | covariance facilities(range): ranged from 16.4 to 33.1. ThéRr the facility
and 22.2 (14.5-34.4) only model was 7%, compared with 31% for the
Hamilton Adjusted total FIM full model.
(1998) gain’
Strasser et | Hierarchical linear | Mean motor FIM gain (SD)| Mean (SD) (scale range): | With the exception of the use of quality
al. (2005) regression with across 46 Veterans Administrative support: information, indicators of organizational contexi

robust standard
errors:

B coefficient and 959
ClI for motor FIM
gain’

Administration facilities:
18.4 (14.8)

Range across facilities:
-60to 71

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)

and team functioning did not appear to influenc
functional gain. The adjusted regression model
explained 25.5% of variance in motor FIM gain

adjusted3 2.90; 95% CI: 1.10-4.70




Dobrez et | Multiple linear Mean (standard deviation) | Payment under PPS; Patients in the Northeast, Midwest, and in rural
al. (2010) regression discharge FIM-12 rating: | freestanding/attached facilities exhibited larger improvements in
location; urban/rural physical function. PPS payment may have
B coefficient (95% location; for-profit status; | contributed to a small decrease in functional gain
ClI) for motor FIM-12 region (reference: South) | for Medicare patients (adjust@d-1.1; 95% CI: -
at discharge 1.49-0.71) but not for other payers.
Medicare fee-for-service: Medicare fee-for-service:
Pre-PPS: 55.06 (17.57) Urban location adjusteft -2.18 (95% CI: -3.80 —
Post-PPS: 49.74 (17.68) -0.56)
Northeast adjusteft 2.04 (95% CI: 1.15 — 2.94)
All-other payers: West adjuste@: 2.14 (95% CI: 0.86 — 3.43)
Pre-PPS: 58.57 (16.79) All other payers:
Post-PPS: 54.76 (17.33) Urban location adjustefgl-2.66 (95% CI: -4.54 — -
0.78)
Northeast adjusteds: 2.25 (95% CI: 1.34 — 3.17)
West adjuste@ 3.22 (95% CI: 1.87 — 4.56)
Graham et | Hierarchical linear | Crude motor FIM rating not Volume of stroke patients Predicted discharge miotoction was similar
al. (2013) modeling: reported. across volume quintiles and ranged from 55.8 fi

Predicted discharge
motor FIM rating;

Intraclass correlation
coefficient

facilities in the second volume quintile (52-79
stroke admissions) to 57.1 for facilities in the
highest volume quintile (>164 stroke admission

Facility explained 6.1% of variation in discharge
motor function.

or

Reisetter et

Multilevel linear

Mean (SD) motor FIM

Facility and hospital

In a 3-level model (patient, facility, region),

al. (2015) mixed models score at discharge: referral region. facility explained 8.7% of variation in discharge
Adjusted discharge | 56.9 (17.7) motor function compared with 0.78% for hospita
motor function; referral region.
Intra-class correlation Adjusted discharge functional status varied wid
coefficient between the 10and 98' percentiles of facilities
but not regions.
Facility 10" — 90" percentile: 77.3 — 86.5
Region 18' — 90" percentile: 81.2 — 82.1
Community Discharge
Hoenig Mixed model with The percentage of patients| Categories: personnel, Most individual post-acute care variables were

(2001)

hospital and patient

discharged home from the

coordination of care,

not

associated with community discharge. Increasir

19




as random effects an
patient and post-acut
care characteristics &
fixed effecté:

aOR for community
discharge

ISSNF**: 66.6%

dfinal inpatient unit:
e

Geriatric unit: 71.8%
Rehabilitation unit: 75%

physical facilities, hospital
characteristics

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

— L

m

Strasser Hierarchical logistic | Percentage of patients Organizational context ang The variables for organizational context and teg
(2005) regression with discharged to the team functioning (mean, | functioning were not associated with home
robust standard community: SD, and range for each | discharge. The model discriminated poorly (c-
errors: 65% scale presented above) | statistics 0.49) between discharge settings.
Community
dischargep
coefficient (95% CI)
Dobrez et | Multiple logistic Percentage of patients Payment under PPS; Patients in the Northeast, Midwest, and in urba
al. (2010) regressioh discharged to community: | freestanding/attached facilities were less likely to be discharged to the
aOR (95% CI) off location; urban/rural community. The odds of community discharge
coefficient (95% CI) location; for-profit status; | were 13% lower (aOR: 0.87 95% CI: 0.80-0.95
for community region (reference: South) | for Medicare patients after PPS implementation.
discharge Medicare fee-for-service: Medicare fee-for-service:
Pre-PPS: 71.87% Urban adjuste@: 0.71 (95% CI: 0.51 — 0.98)
Post-PPS: 63.16% Northeast adjustegt 0.69 (95% CI: 0.58 — 0.82)
Midwest adjuste: 0.70 (95% CI: 0.58 — 0.84)
All-other payers: All other payers:
Pre-PPS: 81.80% Urban adjuste@: 0.73 (95% CI: 0.48 — 1.11)
Post-PPS: 75.50% Northeast adjusteft 0.57 (95% CI: 0.47 — 0.68)
Midwest adjuste@: 0.63 (95% CI: 0.52 — 0.76)
Graham et | Hierarchical Percent discharged home by/olume of stroke patients| Predicted home dischargbabilities were
al. (2013) | generalized linear | volume quintile: similar across quintiles of facility volume and
modeling: 1% quintile: 68.0% ranged from a low of 0.674 for the second and
Predicted probability| 2" quintile: 67.1% third quintiles to a max of 0.699 for the highest
of community 3 quintile: 68.1% volume quintile.
discharge; 4™ quintile: 68.4%
Intraclass correlation| 5™ quintile: 66.5% Facility explained 3.4% of community discharge
coefficient variation.
Mortality
Colla (2010)| Probit models, Percentage of patients deadCompetitior*; The predicted proportions of patients dead or

instrumental variable

analysis':

or institutionalized:

freestanding/attached

location; rural/urban

institutionalized at 180 days after acute care

discharge increased with increasing competitiof

=




B coefficient (95%
ClI); predicted
proportion dead or
institutionalized at
60, 120, and 180 day
after acute care

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

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

(adjusted3: 0.60; 95% CI: 0.37-0.83) from
25.68% at the T0percentile of competition to
28.69% at the 90percentile. Similar patterns
were observed at 60 days and 120 days’ post-3
care discharge.

Other facility characteristics associated with

cute

fo

of

]

nt

discharge predicted increases in death or institutionalizati
at 180 days were the percentage of low-income
patients (adjustefl: 0.311; 95% CI: 0.16-0.46)
and the volume of Medicare patients (adjugted
0.211; 95% CI: 0.11-0.31)
Length of Stay
Reker, Analysis of Mean length of stay for Facility Facility accounted for 13% of the variatyilin
O’Donnell, | covariancé: entire sample: length of stay. All variables together accounted
and 30.8 days (facility mean 34% of the variation in length of stay.
Hamilton Adjusted length of | range: 15.2 — 43.8)
(1998) stay
Hoenig Mixed model with Total mean (SD) length of | Categories~: personnel, | Coordination of care and hospital characteristic
(2001) hospital and patient | stay from stroke admission| coordination of care, were not associated with length of stay. Length
as random effects andio post-acute care dischargephysical facilities, hospital| stay was longer in facilities with a greater inigns
patient and hospital | SNF**: 16.6 (27.3) characteristics of rehabilitation physician staffing (adjustgd
characteristics as Geriatric unit: 19.9 (24.4) 0.175; p=0.0001), increased diversity of allied
fixed effects: Rehabilitation unit: 21.5 health professionals (adjustpd0.09; p=0.005),
[ coefficient for log | (25.5) and in those with a simulated home environmer
length of stay (adjusted3: 0.13; p=0.03).
Strasser Hierarchical linear Mean length of stay (SD) | Organizational context angd Most organizational context and team functioni
(2005) regression with across 46 Veterans team functioning (mean, | variables were not associated with meaningful

robust standard
errors:

B coefficient and 959
Cl for the natural log
of the length of stay

y facilities:

Administration facilities:
23.7 (13.8)
Range of means across

4 to 107

standard deviation, and
range for each scale
presented above)

variation in length of stay. Managerial
effectiveness increased (adjusped.21; 95% CI:
0.03-0.39) while a sense of teamness decrease
length of stay (adjustet -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

2d

variance in length of stay.




Colla (2010)

Linear model,
instrumental variable
analysis”

B coefficient (95%
Cl) 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 (adjust@d-0.25; 95% CI:
-0.37 to —0.14).

Predicted length of stay was longer in freestand
IRFs (adjusteds: 0.14; 95% CI: 0.12-0.16), in
facilities with a higher wage index (adjustéd
0.17; 95% CI: 0.11-0.23), and in larger facilities
(adjusted3: 0.19; 95% CI: 0.16-0.21).

ing

Dobrez et | Multiple linear Mean (SD) length of stay: | Payment under PPS; Length of stay decreased by 2 days after PPS
al. (2010) regression freestanding/attached implementation. Length of stay was longer in the
B coefficient (95% location; urban/rural Northeast, freestanding facilities, and non-profit
Cl) for length of stay location; for-profit status; | facilities.
Medicare fee-for-service: | region (reference: South)
Pre-PPS: 19.75 (9.25) Medicare fee-for-service:
Post-PPS: 17.48 (8.57) PPS adjustefl: -1.86: (95% CI: -2.13 — -1.58)
Freestanding adjustgd 1.53 (95% CI: 0.87 —
2.19)
All other payers: Non-profit adjusted: 0.68 (95% CI. -0.12 — 1.48
Pre-PPS: 20.03 (9.98) Northeast adjusteft 1.57 (95% CI: 0.78 — 2.36)
Post-PPS: 18.03 (9.71) All other payers:
PPS adjustefl: -2.16: (95% CI: -2.55 — -1.76)
Freestanding adjustgd 1.35 (95% ClI: 0.57 —
2.14)
Non-profit adjusted 1.77 (95% CI: 0.80 — 2.73)
Northeast adjustefl 1.43 (95% CI: 0.48 — 2.38)
Cost
Colla (2010)| Linear model, Mean (SD) IRF costs: Competitiori* The estimated IRF costs decreased with increa
instrumental variable| $14,554 ($9,026) freestanding/attached competition (adjustefl: -0.44; 95% CI: -0.57 to -
analysis’: location; rural/urban 0.30) from $15,236 at the $(@ercentile to

B coefficient (95%
Cl) for total costs of
the initial IRF stay

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

$14,068 at the 9dpercentile of competition.

A higher wage index was associated with

increased IRF costs (adjustgéd).81; 95% CI:
0.74-0.88) while a larger percentage of Medicat
patients was associated with lower costs (adjus
B:-0.41; 95% CI: -0.48 to -0.35).
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"Covariates included after a stepdown procedured(p5) were admission function, age, log of the tfroen onset, and the interaction between ag

(1%}




and admission function.

"Total FIM is composed of functional (13 items) ardnitive components (5 items). It is scored onta 7 point Likert scale, therefore total scores
range from 18 to 126 and FIM motor rating rangesnfil3 to 91. Motor FIM-12 is a modified version kit item removed.

*Covariates included admission FIM motor score, fiomal related group, age, marital status, ethyigithite vs. non-white), and time since onset
impairment.

*Covariates included age, gender, admission FIM-@tnscore, admission FIM cognitive score, and wgulrtime-trend.

ICovariates included age, gender, race (white versoswhite), time from impairment onset to admissiength of rehabilitation stay, and number
comorbid conditions (0-10). Admission function wiasluded in models predicting discharge functiod discharge function was included in mode
predicting community discharge.

"Covariates included age, gender, race, admissigarriwnction rating, comorbidity, and length ofysta

Patient level covariates included in all modelsenege, sex, race, Charlson comorbidity index, stesverity (measured via proxies: intubation a
transfer to a second acute care setting prior $¢-pcute care). The analytic approach was descabexploratory. Rehabilitation hospital
characteristics were grouped into 4 categories cseyg of sets of individual variables which werstfevaluated as categories. Within categories
determined to be significant based upon a likelthratio test, a backward selection procedure wesnmeed to identify significant (p<0.10)
individual variables within categories.

“Includes nursing home, intermediate care, and subaare wards.

""Personnel (staffing intensity, staffing diversidystribution of professional versus paraprofesdisteff, number of new graduate professionals,
quantity of continuing education), physical facd# (presence of an adaptive kitchen, presencenolaed home environment, use of prefabricate
versus individually fitted ankle-foot orthoses, iety of equipment available), coordination of céqaantity of staff attending team meetings,
consistency of treating therapist attendance at teaetings, use of paid transport service), hdslet@l descriptors (teaching affiliation, volumé o
stroke patients, volume of rehabilitation workloadmber of hospital beds, number of stroke carngst availability of therapy on weekends,
availability of therapy at home, recent organizatiicchange, distance of the hospital from the ptgidhome).

“*The exposure variable of interest was the levebofipetition faced by each IRF, which was represkasing a weighted Herfindahl-Hirschman
index calculated from predicted patient flows fack zip code from which the IRF draws patients. ifiseumental variable was a zip code level
Herfindahl-Hirschman index calculated as the ave@dgprovider-level Herfindahl-Hirschman indicesngspredicted patient flows for the zip code
relevant geographic market. Predicted patient flaxse used for the provider and zip code leveldeslito avoid endogeneity present in measures
actual patient flows. Covariates included age, e, ethnicity, dual-Medicaid eligibility, censtegjion, quarterly time-trend, type of stroke,
comorbid conditions, complications from the acutsgital stay, facility characteristics, and popiolaicharacteristics for the patient’s zip code
(percent white, black and Hispanic; percent poor).

$*Covariates included after a stepdown procedure.(iJQvere age, admission function, year of disahargferral source, marital status, and the
interaction of age and admission function.

Abbreviations: skilled nursing facility (SNF), inpatient rehatation facility (IRF), adjusted odds ratio (aORynctional Impairment Measure
(FIM), confidence interval (Cl)
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Supplemental Figure 1.

Domain-based PubMed Search Strategy: Setting — Diage — Qutcome — Limits

Setting

("Rehabilitation Center"[all fields] OR "Stroke Ut{all fields] OR "Hospitals"[Mesh] OR
"Hospital Units"[Mesh] OR "Residential Facilitiedpsh] OR "Assisted living facilities"[Mesh]
OR "Inpatient Rehabilitation"[all fields] OR "Skatl Nursing Facility"[all fields] OR "Long
Term Care"[all fields] OR "Homes for the aged"[MgSIR "Nursing Homes"[Mesh] OR
"Subacute Care"[Mesh])

Disease

and ("Stroke"[Mesh] OR "stroke"[all fields] OR "@&drovascular accident"[all fields] OR
"cerebrovascular accidents"[all fields] OR "CVA'l[&klds] OR "cerebral infarct"[all fields] OR
"brain infarct"[all fields] OR "cerebrovascular entgall fields] OR "cerebrovascular disease"[all
fields] OR "brain ischemia[all fields] OR "transieischemic attack"[All fields] OR

"intracranial hemorrhage"[all fields] OR "intraceral hemorrhage"[all fields] OR "intracranial
bleed"[all fields] OR "ICH"[all fields])

Outcome

and ("Functional Recovery"[all fields] OR "Recovefyfunction”"[Mesh] OR "Recovery of
Function"[all fields] or "recovery" [all fields] ORRehabilitation"[Mesh] OR
"Rehabilitation"[all fields] OR "Convalescence"[Mg€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 tUmans"[MeSH Terms] AND
English[lang]



