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Abstract
Background—It is unclear if volume-outcome relationships exist in inpatient rehabilitation.

Objectives—Assess associations between facility volumes and two patient-centered outcomes in
the three most common diagnostic groups in inpatient rehabilitation.

Research Design—We used hierarchical linear and generalized linear models to analyze
administrative assessment data from patients receiving inpatient rehabilitation services for stroke
(n=202,423), lower extremity fracture (n=132,194), or lower extremity joint replacement
(n=148,068) between 2006 and 2008 in 717 rehabilitation facilities across the U.S. Facilities were
assigned to quintiles based on average annual diagnosis-specific patient volumes.

Measures—Discharge functional status (FIM instrument) and probability of home discharge.

Results—Facility-level factors accounted for 6–15% of the variance in discharge FIM total
scores and 3–5% of the variance in home discharge probability across the 3 diagnostic groups. We
used the middle volume quintile (Q3) as the reference group for all analyses and detected small,
but statistically significant (p < .01) associations with discharge functional status in all three
diagnosis groups. Only the highest volume quintile (Q5) reached statistical significance,
displaying higher functional status ratings than Q3 each time. The largest effect was observed in
FIM total scores among fracture patients, with only a 3.6-point difference in Q5 and Q3 group
means. Volume was not independently related to home discharge.

Conclusions—Outcome-specific volume effects ranged from small (functional status) to none
(home discharge) in all three diagnostic groups. Patients with these conditions can be treated
locally rather than at higher-volume regional centers. Further regionalization of inpatient
rehabilitation services is not needed for these conditions.
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INTRODUCTION
Since the seminal study by Luft and colleagues1 showing an association between hospital
surgical volume and patient mortality, evidence for the association between volume and
outcomes has increased substantially.2–4 The consistency and scope of the data have led
many to recommend that volume is a proxy for quality of care, in the absence of
comprehensive provider-specific information.5–10 Volume is one of three measures included
in the Agency for Healthcare Research and Quality’s list of “Inpatient Quality Indicators.”11

Missing from this extensive body of literature are data on the volume-outcomes relationship
beyond acute care,12 such as inpatient rehabilitation facilities.

Aspects of the prospective payment system (PPS) for inpatient rehabilitation facilities make
rehabilitation volume a particular area of interest. Mallinson et al.13 reported on trends in
facility dynamics over the first three years following introduction of the PPS. Total
occupancy rates remained relatively steady while average lengths of stay decreased and total
number of beds increased. Maintaining stable occupancy rates despite declining lengths of
stay was likely the result of compensatory increases in admissions; i.e. strategies to increase
patient volume.13 However, the “60 percent rule” from the Centers for Medicare and
Medicaid Services (CMS) mandates that at least 60% of annual facility discharges must fall
within 13 specified diagnoses.14 Variations in both the ability to increase total patient
volume and to comply with the 60 percent rule have led not only to differences in overall
volume between facilities, but also to purposeful differences in diagnosis-specific volumes
within facilities.

It is currently unknown if inpatient rehabilitation volume is associated with rehabilitation-
relevant outcomes. Volume-outcomes research in acute care typically focuses on survival;
however, medical rehabilitation is designed to maximize functioning and community
independence. Mortality is not an appropriate outcome for rehabilitation research.15 The
purpose of this study was to examine the relationships between diagnosis-specific inpatient
rehabilitation volumes and rehabilitation-relevant outcomes: discharge functional status and
discharge setting. Our analysis included the three most common inpatient rehabilitation
diagnosis categories: stroke, lower extremity fracture, and lower extremity joint
replacement.16

METHODS
Data Source

Data were obtained from 717 rehabilitation hospitals and units across the U.S. that submitted
data to the Uniform Data System for Medical Rehabilitation (UDSMR) for 3 consecutive
years: 2006–2008. The UDSMR database is the largest nongovernment registry for medical
rehabilitation data in the U.S.17 The database includes the same items that are submitted to
CMS as part of the inpatient rehabilitation facility PPS, but the UDSMR database includes
data for all patients, regardless of payer. This study was approved by the University’s
institutional review board.
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Study Sample
Given the hierarchical nature of our study question, we were interested in modeling both
facility- and patient-level effects. Our sample of 717 inpatient rehabilitation facilities
represents approximately 60% of all rehabilitation hospitals in the U.S. Patient records for
this study were limited to those receiving inpatient rehabilitation services for stroke
(impairment group codes 1.1 to 1.9), lower extremity fracture (impairment group codes 8.1
to 8.2), or lower extremity joint replacement (impairment group codes 8.5 to 8.7) and who
were discharged between January 1, 2006 and December 31, 2008. The initial sample
contained 551,773 patient records. Patients were excluded if it was not their initial
rehabilitation admission (n=23,775), they were not between the ages of 45 and 100 years
(n=17,489), if they stayed in the rehabilitation facility longer than 60 days (n=8,994), there
was more than 60 days between impairment onset and rehabilitation admission (n=12,728),
their records were missing critical data (n=5,562), or they died during their stay ((n = 540).
The final sample included 482,694 patients, which represents 87% of the original cohort:
stroke = 202,423; lower extremity fracture = 132,194; and lower extremity joint replacement
= 148,068.

Independent Variable
Diagnosis-specific facility volumes—The total numbers of patients within each of the
three diagnosis categories over the three-year study period were determined for all facilities.
These summed values were divided by three to compute average annual diagnosis-specific
facility volumes. Volume quintiles were established to present descriptive summaries and
for inclusion in the predictive models in order to examine the potential for non-linear
patterns (e.g. volume thresholds) in the volume-outcomes relationships. A few facilities did
not admit patients with lower extremity fracture (n = 4) or joint replacement (n = 5) during
the study period. Thus, the facility counts were 713 and 712 for fracture and joint
replacement, respectively.

Dependent Variables
Discharge Functional Status—Functional status was evaluated with the 18-item FIM
(Functional Independence Measure) instrument, which is part of the inpatient rehabilitation
facility–patient assessment instrument (IRF-PAI).18 The reliability and validity of FIM data
have been substantiated.19;20 The FIM instrument assesses patient abilities across six
subscales relating to motor (self care, sphincter control, transfers, and mobility) and
cognition (communication and social cognition) functional domains. Scores for each item
range from 1 (total assistance) to 7 (complete independence). We used scores from both
functional domains and the total instrument as outcomes in separate models; FIM cognition
is the summation of 5 items (range: 5–35), FIM motor is the summation of 13 items (range:
13–91), and FIM total is the summation of all 18 items (range: 18–126).

Discharge setting—In the UDSMR database, discharge setting is coded as home, board
and care, transitional living, intermediate care, skilled nursing facility, acute hospital,
chronic hospital, inpatient rehabilitation, alternate level care unit, sub-acute setting, assisted
living, other, or died. For this study, discharge setting was dichotomized as home versus not
home.

Covariates
Sociodemographic variables included age (years), gender, and race (white versus non-
white). Clinical factors included duration from impairment onset to admission (days), length
of rehabilitation stay (days), and number of comorbid conditions (range: 0–10). Admission
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functional status was included in the models predicting discharge functional status and
discharge functional status was included in the models predicting home discharge.

Statistical Analysis
Descriptive summaries of patient characteristics and outcomes were stratified by facility
volume quintiles and examined through univariate statistics. Multiple linear and logistic
regression models were used to compute each patient’s predicted discharge functional status
and probability of home discharge, respectively. Mean predicted functional status and home
discharge probabilities for all 717 facilities were calculated and plotted by volume to
highlight how volume-related differences in patient casemix affect predicted outcomes.
Next, we calculated the casemix-adjusted functional status and home discharge probabilities
for each facility and plotted these by volume to assess if facility performance was related to
volume after controlling for casemix. The casemix-adjusted functional score for each facility
was calculated by dividing its actual (observed) mean FIM rating by the mean predicted
(expected) FIM rating obtained in the prior step, and then multiplying this proportion by the
overall mean FIM rating from all patients within the given diagnosis group. The same
process (observed over expected multiplied by overall) was used to establish casemix-
adjusted home discharge probabilities.21

Hierarchical linear modeling (HLM) was used to quantify the effects of facility volume on
discharge functional status. Hierarchical generalized linear modeling (HGLM) was used to
quantify the effects of facility volume on likelihood of home discharge. The hierarchical
models enabled us to control for the clustering of patients within facilities and to determine
the proportions of total variance in rehabilitation outcomes that were attributable to patient-
and facility-level factors.22;23 Numerical patient-level variables were grand-mean centered
for inclusion in the models. Volume quintiles were dummy coded, with the middle quintile
(Q3) as the reference category. Intraclass correlation coefficients (ICCs) for the empty
HGLM models were estimated using the latent variable approach.24 Separate analyses were
conducted for stroke, fracture, and joint replacement. Lastly, we plotted the results of the
HLM and HGLM models to show the predicted discharge FIM ratings and probabilities of
home discharge by volume quintile for the typical patient within each of the three diagnosis
groups. We used SPSS v.20 and HLM v.6.0 software.

Sufficient sample sizes for precision of estimates of fixed effects and variance components
in multilevel analyses are a complex function of the number of higher-level units (facilities),
the number of observations (patients) per facility, the ICCs for the outcomes, and the effect
sizes to be detected.25 We used the Optimal Design software26 to assess sample sufficiency
for detection of statistical differences between volume quintiles. For the HGLM analyses
based on 700 facilities and a conservative scenario of 30 patients per facility, power was
sufficient to detect a small (5%) difference in proportions of home discharges across facility
volume quintiles at > .80. Similarly, based on 700 facilities for the HLM analyses, power to
detect a small effect (d = .10) between quintile groups also exceeds .80. Due to the large
sample sizes and corresponding power to detect small effects as well as the number of
outcomes (analyses) included in our study, alpha was set at .01.

RESULTS
Overall and volume-stratified patient characteristics and unadjusted outcomes for each of the
three diagnosis categories are displayed in the Table. Facilities in the highest volume
quintiles admit patients with lower functional status compared to lower volume facilities
across all three diagnosis categories. In the stroke cohort, higher volume was also associated
with a greater percentage of minority patients and a longer duration from onset to admission.
Length of stay increased with volume in the stroke and fracture cohorts. Regarding
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(unadjusted) outcomes, higher volume was associated with lower mean discharge functional
status in the stroke and fracture cohorts and no difference to slightly higher mean functional
status among joint replacement patients. The percentage of patients discharged home
decreased with increasing volume in the fracture group, whereas the stroke and joint
replacement groups demonstrated slight decreases and increases, respectively.

Figures 1 displays mean estimates of discharge functional status and home discharge
probabilities by diagnosis-specific volumes for each facility. The trends in the data reflect
the volume-related differences in casemix depicted in the Table. Specifically, facilities with
higher stroke and fracture volumes tend to admit more clinically complex patients leading to
poorer predicted outcomes, whereas casemix is relatively stable across joint replacement
volumes resulting in no discernible effect on predicted outcomes.

Figure 2 presents casemix-adjusted functional status and home discharge rates by diagnosis-
specific volumes for each facility. Overall, the figures reveal no trend to slight increases in
casemix-adjusted functional status and home discharge rates with increasing volume. There
are substantial deviances in both high- and low-performing facilities throughout the volume
ranges.

HLM – discharge functional status
The ICCs demonstrated consistent rankings among diagnostic groups and varied functional
status domain: FIM total (stroke = 6.1%, fracture = 9.0%, joint replacement = 15.0%); FIM
motor (stroke = 5.9%, fracture = 9.3%, joint replacement = 17.9%); FIM cognition (stroke =
8.4%, fracture = 12.5%, joint replacement = 16.6%). Figure 3 shows the relationships
between diagnosis-specific volume quintiles and discharge functional status from the fully-
adjusted models using FIM cognition, FIM motor, and FIM total as outcome measures. The
values represent the predicted functional status for a white, female patient with average
demographic and clinical characteristics within each of the three diagnosis categories. Using
the middle volume quintile (Q3) as the reference group, we detected small, but statistically
significant (p < .01) associations in all three diagnosis groups. Only the highest volume
quintile (Q5) differed significantly from Q3, yielding higher functional status ratings in each
significant model. FIM total reached significance in all three diagnoses, FIM motor in
fracture and joint replacement, and FIM cognition in fracture only.

HGLM – discharge setting
The estimated ICCs for home discharge also varied by diagnosis group: stroke = 3.4%,
fracture = 4.8%, and joint replacement = 4.9%. Figure 4 shows the relationships between
diagnosis-specific volume quintiles and probability of home discharge. The values are the
predicted probabilities for a white, female patient with average demographic and clinical
characteristics within each of the three diagnosis categories. Again, using volume Q3 as the
reference category, no significant (p < .01) differences in likelihood of home discharge were
observed within any of the diagnostic groups.

DISCUSSION
Our goal was to determine if the well-established volume-outcomes relationships reported in
acute care extend to post-acute care. Specifically, we evaluated the effects of inpatient
rehabilitation volumes on discharge functional status and return to home among patients
receiving care for the three most common rehabilitation diagnoses. The multilevel models
yielded small, positive, statistically significant associations between volume and discharge
functional status in all three groups. Volume was not associated with probability of home
discharge in any group.
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Higher-volume facilities treated patients with greater average severity for the two more
complex diagnosis groups: stroke and lower extremity fracture. The association between
volume and casemix complexity is mixed in the acute care literature. Billingsley et al.27

state that patients receiving colon cancer surgery from high volume providers have more
favorable clinical characteristics on average compared to patients seeing lower volume
surgeons. Durairaj et al.28 showed that patients with respiratory and gastrointestinal
conditions admitted to high volume intensive care units are less likely to be admitted from
the emergency department, but also have higher mean severity scores. Thabut and
colleagues29 reported no relationship between annual lung transplant volume and mean
patient severity scores across 61 transplant centers.

Unlike severity, there is a clear relationship between patient race/ethnicity and volume in the
acute care literature. Minority patients tend to receive care in low volume hospitals.7;30 In
fact, many minority patients bypass closer, high-volume hospitals to be treated in lower-
volume hospitals.7 Little information is available regarding these patterns in inpatient
rehabilitation hospitals/units, which are fewer in number than acute care hospitals; i.e.
patients from both low- and high-volume hospitals are admitted to the same regional
rehabilitation facility. Our data showed a distinct difference in racial proportions across
stroke volume quintiles. In contrast to acute care, the average percentage of minorities in
low-volume rehabilitation facilities was lower than in high-volume facilities. This finding
may reflect the distribution of higher volume facilities in urban settings and geographic
regions where a majority of minorities live.

Casemix-adjusted functional status and home discharge rates for each facility were
calculated using the approach of Hannan and colleagues.21 The unadjusted differences and
trends in predicted outcomes that suggested poorer outcomes as facility volume increased
(Table and Figure 1) were mediated by adjustments for casemix (Figure 2). It is unclear,
however, whether patients with more complex conditions are more likely to experience
better rehabilitation outcomes in higher volume facilities. Our data show both over- and
under-performing facilities across the volume spectrum, but we did not differentiate the
rehabilitation experiences of higher or lower functioning patients. Developing risk-
adjustment models for assessing the quality of rehabilitative care and reporting facility-level
performances is an important research area in the current healthcare reform environment.

The hierarchical models provide the most precise evidence for little-to-no relationship
between diagnosis-specific volumes and rehabilitation outcomes. Volume was not
associated with home discharge probability in any diagnostic group. The greatest evidence
for a small volume-outcomes effect was in discharge functional status scores in the highest
volume quintile (Q5) when compared to the average volume quintile (Q3). Mean Q5 scores
were slightly greater than mean Q3 scores for FIM total within all three diagnoses, for FIM
motor within the fracture and joint replacement groups, and for FIM cognition within the
fracture group. There was no evidence of significant differences in outcomes between low
volume (Q1) and average volume (Q3) facilities. It is important to note that sample size
increased substantially in successive quintiles. Thus, by design, comparisons between
higher-volume quintiles have greater power to detect relatively small effects. Significance
aside, the largest effect was related to discharge functional status in patients with fracture,
wherein the difference in mean discharge FIM total ratings between Q5 and Q3 was 3.6
points. Beninato et al.31 report that a 22-point change in FIM total ratings is the minimal
clinically important change based on attending physician assessments of clinical
improvement in patients with stroke. Granger32 describes a rule of thumb for interpreting
FIM total scores in terms of projected burden of care: a 1-point increase in FIM total rating
reduces the amount of daily assistance a person needs to perform essential activities by an
estimated 1 to 6 minutes depending on whether he or she is on the high or low end of the
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functioning continuum. Thus, the 3.6-point difference we observed reduces the estimated
daily burden of care by 4–20 minutes.

Katz et al.33 showed that patients receiving total knee replacements from low-volume
surgeons in low-volume hospitals are twice as likely to report poor functional status two
years later than patients operated on by high volume surgeons in high volume hospitals. No
prior rehabilitation studies were found that used multilevel modeling to examine the
volume-outcomes relationship. DeJong and colleagues34 assessed setting-specific (inpatient
rehabilitation versus skilled nursing) differences in motor outcomes among patients with
lower extremity joint replacement. Using a 5-level variable that combined setting and
volume categories and was entered as a patient-level factor in a traditional multiple linear
regression, they concluded that medium-volume (100–183 patients per year) is associated
with slightly better motor outcomes than high-volume (272–347 patients per year) inpatient
rehabilitation for both knee and hip replacement: 1.6 and 2.3 FIM points, respectively.
Differences in analytical models notwithstanding, there are two other factors that may
explain the discordance between the findings of DeJong et al. and our current results. First,
they were limited to data from 11 inpatient rehabilitation facilities. Second, both their
medium- and high-volume categories would be classified as high volume in our quintiles
derived from the volume rankings of 717 facilities. Nevertheless, the magnitudes of the
effects from both studies support the conclusion that the inpatient rehabilitation volume-
outcomes relationship in joint replacement is not clinically meaningful.

The Patient Protection and Affordable Care Act (Public Law 111–148)35 expands hospital
accountability for the post-discharge recovery of Medicare beneficiaries. The current
findings neither support the idea that a patient with a stroke, lower extremity fracture, or
joint replacement should bypass a lower-volume local rehabilitation facility and travel to a
larger-volume regional facility, nor encourage public health officials and/or third-party
payers to promote further regionalization of inpatient rehabilitation services. This reasoning
is based on the two most relevant rehabilitation outcomes included in this study: discharge
functional status and discharge setting. Several other quality indicators are being
implemented in response to provisions within the Affordable Care Act. Additional research
is needed to determine if a volume benefit exists for those types of measures.

The high volume benefit in acute care has been attributed to two hypotheses: 1) practice
makes perfect, wherein clinicians become more effective with more frequent encounters;
and/or 2) selective referral, wherein clinicians with better reputations receive more
referrals.2;4;36;37 Moreover, the volume-outcomes relationship in acute care is more
pronounced in complex high-risk medical procedures than in routine medical care.4;28;38

Given this framework, there are several reasons why the associations between rehabilitation
volume and outcomes may be less robust. First, rehabilitation is inherently multidisciplinary
and multifaceted, meaning that there is no single clinician or intervention that is solely
responsible for patient outcomes. Second, with less facilities available compared to acute
care hospitals, there are fewer opportunities for selective referrals within a given area. Third,
although rehabilitation requires more patient-clinician engagement than surgical or
pharmacological interventions, it is generally less technical and procedure based.

Our approach has some limitations. We were restricted to variables in administrative
datasets so facility-level factors such as resources and processes of care were not available.
We did not test for cross-level interactions to assess the influence of volume on outcomes
across different patient subgroups; e.g., high versus low functioning groups, racial/ethnic
categories, etc. In addition, we only studied patients with the three most common diagnoses
so it is plausible that most facilities achieve a volume threshold above which there is no
discernible improvement in patient outcomes. The volume-outcome relationship for patients
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with less common diagnoses who require more specialized care, such as spinal cord injury
and traumatic brain injury, should be studied to test this possibility. Our study also includes
several strengths. We studied patients with the three most frequent inpatient rehabilitation
diagnoses and examined outcomes that are relevant to rehabilitation and meaningful to
persons with substantial functional impairments. In addition, this is the first study to
calculate facility-level, casemix-adjusted performance ratings and display them as a function
of facility volume. This is also the first time that multilevel modeling was used to investigate
the volume-outcomes relationships in post-acute settings.

In conclusion, the current findings indicate that patients with stroke, lower extremity
fracture, or joint replacement need not travel to higher-volume regional rehabilitation
centers; rather they can receive appropriate care in local lower-volume rehabilitation
facilities. The data do not support efforts by public health officials and/or third-party payers
to promote further regionalization of inpatient rehabilitation services for these conditions.
However, we did identify relatively low- and high-performing facilities. In the current
healthcare environment of accountable care organizations and bundled payment initiatives,
performances of post-acute providers will increasingly be evaluated and this information
will likely affect patient flow in the coming years as referral networks continue to be
formed. From a research perspective, it is imperative that we refine the case-mix (risk)
adjustment models for post-acute providers, study the volume-outcome relationship in less
common diagnostic groups, and examine other modifiable facility-level factors that may
improve patient-centered outcomes.
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Figure 1.
Mean predicted discharge FIM ratings and home discharge probabilities for all facilities (N
= 717 stroke; N = 713 fracture; N = 712 joint replacement) by diagnosis-specific volumes.
Multiple linear regression was used to compute each patient's predicted discharge FIM
rating, from which the mean FIM rating for each facility was calculated. Multiple logistic
regression was used to compute each patient's probability of home discharge, from which
the mean home discharge probability for each facility was calculated. The scores reflect the
expected mean values for each facility when applying its specific case-mix to the average
effects derived from the entire diagnosis-specific population.
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Figure 2.
Casemix-adjusted mean discharge FIM ratings and home discharge probabilities for all
facilities (N = 717 stroke; N = 713 fracture; N = 712 joint replacement) by diagnosis-
specific volumes. Values were calculated by taking a facility's actual (observed) mean
values and dividing by the predicted (expected) values for that facility (displayed in Figure
1), and multiplying those ratios by the grand mean FIM rating and home discharge
probability, respectively, within each diagnosis category. This is a form of indirect
standardization, wherein the scores reflect the mean outcomes experienced in each facility
relative to the outcomes experienced by the entire diagnosis-specific population with a
similar case-mix.
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Figure 3.
Predicted discharge cognition, motor, and total functional status ratings by diagnosis-
specific volume quintiles. The values were obtained from hierarchical linear models and
represent the predicted FIM ratings for white, female patients with average clinical
characteristics (age, comorbidity burden, duration to admission, admission functional status,
and length of stay) within each of the three diagnosis categories. Sample sizes increase
across quintiles and vary by diagnosis: stroke 12,867 (Q1) – 83,567 (Q5), fracture 5,609
(Q1) – 59,511 (Q5), joint replacement 4,326 (Q1) – 79,831 (Q5), see Table for more details.
Reference category = Q3 for all tests of significance. Underlined value labels indicate
significant (p < .01) difference compared to Q3.
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Figure 4.
Predicted home discharge probability by diagnosis-specific volume quintiles. The values
were obtained from hierarchical generalized linear models and represent the predicted
probabilities for white, female patients with average clinical characteristics (age,
comorbidity burden, duration to admission, admission functional status, and length of stay)
within each of the three diagnosis categories. Sample sizes increase across quintiles and vary
by diagnosis: stroke 12,867 (Q1) – 83,567 (Q5), fracture 5,609 (Q1) – 59,511 (Q5), joint
replacement 4,326 (Q1) – 79,831 (Q5), see Table for more details. Reference category = Q3
for all tests of significance, none of which reached p < .01.
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