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Abstract

Stineman MG, Kwong PL, Kurichi JE, Prvu-Bettger JA, Vogel WB, Maislin G, Bates BE, Reker
DM. The effectiveness of inpatient rehabilitation in the acute postoperative phase of care after
transtibial or transfemoral amputation: study of an integrated health care delivery system. Arch Phys
Med Rehabil 2008;89:1863-72.

Objective—To compare outcomes between lower-extremity amputees who receive and do not
receive acute postoperative inpatient rehabilitation within a large integrated health care delivery
system.

Design—An observational study using multivariable propensity score risk adjustment to reduce
treatment selection bias.

Setting—Data compiled from 9 administrative databases from Veterans Affairs Medical Centers.

Participants—A national cohort of veterans (N=2673) who underwent transtibial or transfemoral
amputation between October 1, 2002, and September 30, 2004.

Interventions—Not applicable.

Main Outcome Measures—One-year cumulative survival, home discharge from the hospital,
and prosthetic limb procurement within the first postoperative year.

Results—After reducing selection bias, patients who received acute postoperative inpatient
rehabilitation compared to those with no evidence of inpatient rehabilitation had an increased
likelihood of 1-year survival (odds ratio [OR]=1.51; 95% confidence interval [Cl], 1.26-1.80) and
home discharge (OR=2.58; 95% ClI, 2.17-3.06). Prosthetic limb procurement did not differ
significantly between groups.
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Conclusions—The receipt of rehabilitation in the acute postoperative inpatient period was
associated with a greater likelihood of 1-year survival and home discharge from the hospital. Results
support early postoperative inpatient rehabilitation following amputation.

Keywords

Amputation; Continuity of patient care; Delivery of health care; integrated; Lower-extremity;
Outcome and process assessment (health care); Rehabilitation; Selection bias

Studying the needs and outcomes of people after transtibial or transfemoral amputation is
critical at this time. In the United States, more than 60,000 major lower-extremity amputations
were recorded in VHA facilities between 1989 and 1998 and more than 83,000 in Medicare
facilities between 1969 and 1997.2 Changes in both VVHA and Medicare policies are stimulating
shifts from inpatient to outpatient services without empirical evidence either supporting or not
supporting those services.

Despite the expected growth of the population of patients with lower-extremity amputation,
their complex functional needs have been greatly understudied, and studies of rehabilitation
interventions after amputation are urgently needed.3 A search of the Cochrane and Medline
databases (November 2007) for studies related to either dysvascular or traumatic amputation
failed to identify any experimental or quasi-experimental trials that addressed the effects of
rehabilitation services on outcomes. One study* applied multivariable techniques to adjust for
patients’ propensity to receive rehabilitation. Results showed significantly higher likelihoods
of community discharge from nursing homes among patients who received rehabilitation across
5 diagnostic categories, but there were too few amputees to conduct the analysis for this sixth
diagnostic group. A second study5 found that longer periods of inpatient rehabilitation were
associated with improved physical functioning among a cohort of 146 patients after traumatic
amputation at a single trauma center. This study did not include dysvascular amputees. Previous
studies of the effects of rehabilitation after amputation have largely been descriptive.6:7

Although only prospective RCTs can assign a causal effect of treatment to outcome differences,
issues of clinical equipoise and blinding would make trials designed to test the efficacy of
rehabilitation difficult. To achieve equipoise, it is necessary to meet the therapeutic obligation
of being reasonably certain that the net therapeutic advantage of a set of interventions is of
equal advantage to individual trial participants in both the treatment and control groups,
respectively.8 Such a trial would require the prospective identification of patients with equal
clinical candidacy for inpatient rehabilitation services followed by the random division of those
patients into groups that would receive and not receive inpatient rehabilitation. Although
current literature does not confirm or refute the benefit of rehabilitation, current clinical wisdom
supports it.

We believe that the random withholding of services considered clinically beneficial would be
hard to justify. Consequently, we sought an observational study design that could take
advantage of natural variations in care provision across the nation within the large, highly
integrated VHA system of care to study the effectiveness of acute postoperative inpatient
rehabilitation. There are few, if any, available sources of longitudinal data in the private sector
that address the benefits of alternative rehabilitation care patterns or associated long-term
outcomes. Thus, we used administrative data from the VHA to determine if outcomes differ
in a large population of veterans who received and did not receive rehabilitation services while
still hospitalized after traumatic or dysvascular amputations.

Investigators in other clinical disciplines have used naturally occurring variation in service
patterns to compare alternative treatment outcomes.®~12 With observational studies, it is
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essential to recognize that the decision to provide a particular treatment is generally based on
a clinical assessment of the patient’s potential to benefit and service availability.13
Consequently, selection for a particular treatment pattern depends on patient- and facility-level
characteristics, which may also influence outcomes. The effect of this clinical decision-making
process can lead to selection bias, rendering the comparison of those who do and do not receive
a pattern of care as treatment and control, respectively, noncomparable with regard to
outcomes. Vogel et al'* documented the presence of selection bias in stroke rehabilitation
within the VHA, and so we expected and looked for selection bias in the decision to provide
rehabilitation to veterans with lower-extremity amputation. Finding such bias, we applied
propensity score risk adjustment methods? to evaluate the effects of a particular rehabilitation
pattern of services among veterans with lower-extremity amputation.

The spectrum of rehabilitation services that can be provided is very wide. Within the VHA, as
in the private sector, patients may or may not be referred to rehabilitation services after surgical
amputation. Initial referral corresponds to entry into the rehabilitation continuum within the
VHA; the referral may occur before surgical amputation, after amputation while the patient is
still hospitalized, or only after the patient is discharged from the hospital. Entry into the
continuum is initialized by an inpatient rehabilitation consultation and assessment. After
consultation and initial assessment, patients may receive no more services, receive generalized
consultative services consisting of the provision of various therapies, or be admitted onto a
specialized rehabilitation bed unit.

It is essential to disentangle the effects of both structure and process when evaluating patient
outcomes along the continuum of inpatient rehabilitation services received. There is substantial
variability in where services occurred, when they began, and what types of rehabilitation
services were delivered. We recognized that combining the multitude of rehabilitation care
patterns into a single study would confound the analysis of outcomes. Based on Donabedian’s
conceptualization of structure, process, and outcome,16 adapted by Hoenig et all’ for stroke
rehabilitation, we developed a specific framework (the time, place, and type of services
framework) as the foundation for this work to classify those patterns and to better understand
the continuum of rehabilitation services received. This framework is intended to describe
rehabilitation services and the integration of those services within the broader scope of the
other types of health care being provided. The time, place, and type of services framework
characterizes care patterns based on where, when, and what types of rehabilitation services are
received. Time is measured relative to the surgical amputation date and associated hospital
admission and discharge dates distinguishing among acute preoperative, acute postoperative,
and postacute (posthospital discharge) phases. Place reflects setting (inpatient, outpatient,
home), and type refers to the type(s) of services received. This study is the first in a series
intending to look at patient outcomes according to a particular pattern of rehabilitation care.
The purpose of the study was to analyze the benefits of what is referred to as the acute inpatient
postoperative care pattern.

An analysis of the acute pattern is intended to address the effects of relatively early inpatient
rehabilitation services received that begin after surgery and are completed while the patient is
still hospitalized; this sequence of services represents the most common inpatient rehabilitation
pattern received among veterans with lower-extremity amputation.18 According to the time,
place, and type of services framework, time is restricted to the acute postoperative period and
place to the inpatient setting. Our study objective was to determine if receipt of formal
rehabilitation (either generalized consultative or admission onto a specialized rehabilitation
bed unit) post-operatively while still hospitalized after surgical amputation improved patient
outcomes. Patients who received this early inpatient rehabilitation pattern were compared to
patients who had no evidence of inpatient rehabilitation according to 3 outcomes: (1) 1-year
cumulative survival, (2) home discharge from the surgical hospitalization, and (3) prosthetic
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procurement within 1 year. The VHA health care system is vastly different from other systems
of care. Consequently, findings must be interpreted relative to the structure and processes of
care that occur within that system.

METHODS

This observational study was approved by the University of Pennsylvania in Philadelphia, PA,
the Samuel S. Stratton VAMC in Albany, NY, and the Kansas City VAMC in Kansas City,
MO, institutional review boards. Methods followed guidelines reported by the Transparent
Reporting of Evaluations with Non-Randomized Designs statement!? for designing and
reporting evaluation studies.

Patient Selection Criteria

Patient selection criteria were applied sequentially to identify the subset of the larger amputee
population that either received the acute inpatient pattern or had no evidence of inpatient
rehabilitation in the first year after surgical amputation (fig 1). The larger amputee sample
included all veterans from 125 VAMCs in which surgical amputation was performed with
hospital discharge dates between October 1, 2002, and September 30, 2004. Because of sample
selection criteria (described below), patients were included from only 105 of the original
facilities. Amputations by definition were transtibial, transfemoral, or hip disarticulation as
identified by the following surgical procedure codes used by Mayfield et al?%: codes 84.10,
84.13 to 84.19, and 84.91. Patients were excluded if the amputation involved toes only or if
there was record of a previous lower-extremity amputation within 12 months preceding the
hospitalization in which the amputation of interest occurred, referred to as the index surgical
stay. Records with admission dates within 24 hours of the main hospitalization discharge date
were concatenated onto the index surgical stay.

A total of 7 patients were excluded because their records lacked information (6 had unspecified
amputation level, 1 had missing living location before hospitalization). From the remaining
large group (N=4720), we identified 2 cohorts: those with no evidence of rehabilitation
(n=1255) and those with evidence of inpatient rehabilitation (n=3465) at some point within the
first year after the amputation. Next, the acute postoperative inpatient cohort was defined from
the 3465 case records. This process led to the exclusion of those patients who received inpatient
rehabilitation outside the time frame defining the acute pattern. Specifically, applying criteria
for defining the acute inpatient pattern as described below, the following patients were
excluded: 304 patients who began rehabilitation before surgery, 206 who had rehabilitation
extending beyond or beginning more than 24 hours after hospital discharge, and 1216 who
received rehabilitation services in the acute postoperative period and after being discharged
from the index surgical stay. Finally, we excluded 321 patients who had evidence of admission
into the rehabilitation continuum but no record of a rehabilitation discharge date. We excluded
these patients because we wanted to restrict our analysis to patients who experienced a
rehabilitation process (with a beginning and end) rather than only a rehabilitation assessment.
As a result, the acute postoperative inpatient rehabilitation cohort included 1418 lower-
extremity amputees (30% of all amputees). These patients were compared with the 1255
amputees (26.5% of all amputees) in the cohort with no evidence of inpatient rehabilitation
during the first postoperative year.

Database Description

Data were obtained from 9 VHA administrative databases used to track veterans’ health status
and health care utilization. These databases included 4 inpatient datasets referred to as the PTF
(main, procedure, bed section, surgery),2! 2 outpatient care files (visit, event),22 the

Beneficiary Identification Record Locator System death file,23 the National Prosthetics Patient
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Database,24 and the Functional Status and Outcomes Database.25 Our methods of data
extraction have been described previously.26-28

Variable Definition

Patient-level characteristics included age, sex, marital status (married vs not married), living
location before hospitalization (extended care, home, hospital), and clinical status. Amputation
level was distinguished between transtibial and transfemoral amputation. Hip disarticulations
were combined with transfemoral amputations because of too few occurrences (n=26) and
because of similarities between the 2 groups. Clinical status included diagnoses that
distinguished between amputation etiologies26:29 and comorbidities, 3031 which were
obtained by merging diagnostic codes from outpatient files 3 months before hospital admission
to the main and bed section files up to the surgical date. We merged the codes to capture any
conditions known to be present prior to hospitalization that might not have been coded during
the index surgical stay. Length of time (in days) from hospital admission to the surgery,
intensive care unit admission, and total number of bed sections in which treatment occurred
approximated baseline complexity. Selected procedures were classified to approximate the
extent and type of organ pathology.2’

Facility-level characteristics included geographic region (Veterans Integrated Service
Networks mapped into Centers for Medicare & Medicaid Service regions: Northeast,
Southeast, Midwest, South Central, and Pacific Mountain), hospital bed size (<126, 127-244,
245-362, and >362), and the presence of an accredited specialized rehabilitation bed unit within
the VAMC where the amputation was performed. A year variable indicating fiscal year of
treatment was also added to adjust for any changes in practice patterns over time that might
have influenced care.

Specification of the “Acute Inpatient Postoperative Pattern”

Typically, once patients are admitted to the rehabilitation continuum, rehabilitation
professionals assess the patient’s functional status over a span of up to 3 days to evaluate their
potential for rehabilitation and to develop a care plan. This care plan may include the following:
(1) no further treatment beyond the initial assessment, (2) continued generalized consultative
rehabilitation, (3) outpatient rehabilitation, (4) home rehabilitation, or (5) admission onto a
specialized rehabilitation bed unit. Once the patient has either met the rehabilitation goals or
achieved maximum potential, the patient is discharged from the continuum. Patients selected
for this study had to meet the definition for the acute postoperative pattern. Consequently, the
intervention time period and place were restricted to the acute postoperative inpatient period,
represented by rehabilitation episodes that occurred between the amputation and hospital
discharge dates.

The treatment group consisted of those patients with evidence of acute postoperative inpatient
rehabilitation, hereafter referred to as inpatient rehabilitation. The control group included those
with no evidence of inpatient rehabilitation, hereafter referred to as no inpatient
rehabilitation. To be in the inpatient rehabilitation group, there needed to be distinct dates of
admission and discharge from the continuum in the Functional Status and Outcomes Database
indicating a beginning and ending of inpatient rehabilitation care. There also needed to be
evidence of generalized consultative care with or without treatment on a specialized
rehabilitation bed unit. Generalized consultative care consisted of a program of therapy
provided by the interdisciplinary rehabilitation team while patients remained in medical or
other types of nonrehabilitation surgical beds. Specialized rehabilitation bed unit care included
patients who were admitted for intensive rehabilitation (ie, receiving >3h/d of therapy).
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Outcome Measures

Patients were followed from the surgical date to the 1-year amputation anniversary. Outcomes
included home discharge from the hospital, prosthetic limb procurement within a year of
surgery and 1-year survival. The PTF main and Beneficiary Identification Record Locator
System databases were used to acquire mortality information, and methods have been described
previously.26

Home discharge from the index surgical stay compared with other (hospital, extended care,
death, other) was determined by the PTF main file, and prosthesis procurement was determined
from the National Prosthetics Patient Database. Because our objective was to follow patients
up to the 1-year amputation anniversary, patients still hospitalized at that time had their
discharge disposition categorized as hospital regardless of what was indicated in their PTF
main record.

The analysis evaluated associations between the receipt of inpatient rehabilitation and the 3
outcomes relative to a comparative group not receiving inpatient rehabilitation as described
above.

Statistical Methods

Patient- and facility-level baseline characteristics—The statistical procedure
emulates a randomized controlled trial by treatment groups through propensity adjustment.1®
Baseline analyses summarized the degree to which patient- and facility-level selection bias
influenced the likelihood of receiving inpatient rehabilitation treatment relative to receiving
no inpatient rehabilitation, which served as the control. Significance testing was conducted
through chi-square and Student t tests, with patients as the unit of analysis; P values were 2-
sided, with statistical significance at P less than .05.

Propensity score risk adjustment—In observational studies, the effects of selection bias
may be minimized by identifying patient- and facility-level variables that influence treatment
selection and then removing their effects through statistical adjustment.1® Although such
adjustment can only minimize the effects of observed variables, the effect of unobserved
variables will be reduced to the extent to which they are correlated with the observed variables.
32 \We developed a propensity score for the pairwise treatment comparison through a
multivariable logistic regression model with the receipt versus nonreceipt of rehabilitation
treatment as the dependent variable.

This propensity model was maximally saturated in efforts to reduce as much selection bias as
possible. Consequently, we included all available patient- and facility-level variables in the
VHA databases that the clinician authors (M.G.S., B.E.B., D.M.R.) believed could possibly
influence a patient’s selection for inpatient rehabilitation or outcomes. The treatment and
control comparison was regressed on 54 patient-level and 8 facility-level variables (see variable
definitions above). We tested the significance of statistical interactions and squared and cubic
forms of continuous variables. Overall model performance was summarized by the c statistic
measuring model discrimination.33 The resulting propensity scores represent the conditional
probability of receiving rehabilitation, given status across the explanatory variables, and are
applied to reduce treatment selection bias and increase precision in calculating treatment
effects. 15

The propensity scores were estimated for each veteran from the regression model, making it
possible to stratify patients into equal-sized quintiles.3# Stratification by quintile has been
shown empirically to remove more than 90% of the bias resulting from the variables used to
create the score.1® Rather than applying the propensity score as a continuous measure, we
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divided the score into quintiles to accommodate any non-linearity present in the propensity
score. Each quintile contained veterans with a discrete range in the predicted probability of
receiving rehabilitation and was required to have at least 5 patients in the treatment groups to
ensure sufficient overlap and common support between the groups.3® The achievement of
common support refers to the presence of sufficient overlap between the treatment and control
groups to compare outcomes once the propensity quintiles were formed. We obtained box-
plots to compare the distributions of propensity between the no evidence of inpatient
rehabilitation and the acute inpatient rehabilitation groups.

Testing for balance—The testing of balance is a way of measuring the success of the
propensity methods in adjusting for each of the particular patient- and facility-level
characteristics shown to influence treatment decisions. Balance was evaluated by determining
the degree to which the acute inpatient rehabilitation and no inpatient rehabilitation groups
were similar with respect to key variables before and after adjustment by the propensity
quintiles. We addressed the degree to which statistical control for propensity score quintiles
removed any differences between the distributions of observed variables comparing the
treatment to control group through multivariable models. In these models (multiple linear or
logistic regression, depending on variable structure), the dependent variables were patient- and
facility-level characteristics. Treatment group (acute inpatient rehabilitation vs no evidence of
inpatient rehabilitation) was the primary predicting variable. The magnitude of selection bias
reduction associated with individual variables was determined by comparing the slope
coefficient or OR of a treatment group before and after adjusting for the propensity quintiles.
If the treatment group difference was no longer statistically significant (P<.05) when the
propensity score quintiles were added to the regression model, the propensity adjustment was
considered adequate to control for group differences associated with the explanatory variable.
If the P value remained significant, then adjustment for propensity score quintile alone would
not adequately control for imbalance between the groups, and that variable would need to be
included as a predictor in the final outcome models.34:36

Modeling outcome differences—We compared inpatient rehabilitation to no inpatient
rehabilitation using appropriate propensity score quintiles and any nonbalanced covariates to
adjust for differences between the treatment and control groups. Separate multiple logistic
regression analyses were performed for each outcome (treatment coded as “yes” or “no”). ORs
and 95% Cls were used as measures of clinical effect size because they retain their validity
when sampling is done on the basis of outcome status. The appropriate propensity score
quintiles (coded as 4df dummy categories) were included in the logistic regression model to
minimize selection bias.

All analyses were performed using SAS.2

Patient- and Facility-Level Baseline Characteristics

Nearly three quarters (73.3% [n=3465]) of amputees received inpatient rehabilitation, 40.9%
(n=2673) of whom met our selection criteria for acute postoperative inpatient rehabilitation.
Of these 2673, 99.2% were men, average age was 67.4 years (median, 69y), and the majority
had transtibial amputations (55.1%). The most common etiologies were problems with
peripheral circulation (85.8%) and diabetes mellitus type 2 (64.9%). Trauma was present in
only 13.8% of the patients. The average hospital stay was 32.1 days (median, 19d), and patients

asupplier

a. Version 9.1; SAS Inc, 100 SAS Campus Dr, Cary, NC 27513-2414.
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transferred to an average of 2.5 bed sections (median, 2) during their acute stay, with 7 patients
still hospitalized at the first amputation anniversary. For patients receiving inpatient
rehabilitation, average treatment lasted 12.5 days (median, 7d).

Table 1 shows baseline characteristics of the treatment and control groups. Over half (53%
[n=1418]) of our sample received inpatient rehabilitation; of these, 80% received generalized
consultative care only, and 20% were admitted onto a specialized rehabilitation bed unit. Table
1 shows that there are significant differences in patients between treatment groups in factors
that may be related to the outcomes of interest. These findings underscore the need to
statistically reduce selection bias when addressing treatment-related outcome differences.
There were also statistically significant facility-level differences. Those patients whose
surgical amputations occurred in hospitals with a smaller number of beds and in the midwest
region of the United States were less likely to receive inpatient rehabilitation than those patients
treated in larger hospitals and in other regions of the country.

Propensity Risk-Adjustment Models

In the model comparing inpatient rehabilitation to no inpatient rehabilitation, the c statistic
was .70, and the propensity scores ranged from 2.09x10710 to .99 (table 2). The average
propensity score for patients who received inpatient rehabilitation was .59 (95% CI, .31-.80)
and .47 (95% Cl, .18-.72) for those who did not.

The boxplot in figure 2 shows substantial differences in the distribution of propensity
comparing the acute inpatient rehabilitation treatment group to the no evidence of rehabilitation
group. In contrast, the boxplot stratified by propensity quintile (fig 3) shows extensive overlap
between these groups. There are few individuals in the groups outside the areas of overlap.
This finding suggests sufficient overlap in the propensity score distribution between those
patients receiving and not receiving inpatient rehabilitation to permit statistical comparisons
between the groups. The number of veterans in the acute inpatient and no evidence of inpatient
rehabilitation groups in each propensity strata was sufficient to ensure common support (see
table 2).

Test for Balance

Treatment group differences were substantially reduced within each of the propensity score
quintiles. For example, a similarly high percentage of patients in the fifth quintile associated
with the highest likelihood of receiving inpatient rehabilitation were admitted to the hospital
from home in both treatment groups. In contrast, a similarly low percentage of patients in the
first quintile associated with the lowest likelihood of receiving inpatient rehabilitation were
admitted to the hospital from home in both treatment groups.

All variables with unadjusted statistically significant treatment group differences became
balanced when selection criteria were applied for the acute inpatient pattern and the propensity
score quintiles were added to the individual models.

Table 3 demonstrates the degree to which the propensity score quintiles removed statistical
differences between the distributions of observed variables comparing the treatment to control
group. All of the previously significant associations became nonsignificant after the propensity
scores were added. For example, patients who received acute inpatient rehabilitation compared
to those who did not were 1.05 times more likely to be admitted to the hospital from home
rather than from long-term care (95% CI, 1.03-1.08; P<.001). After propensity scores were
added to the logistic regression model, there was no longer a statistical difference between
groups (OR=1; 95% Cl, .98-1.03; P=.85).
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Outcome Differences

Approximately 73.1% of patients who received inpatient rehabilitation compared to only
44.5% who did not were discharged home. Table 4 shows unadjusted outcome advantages for
survival and prosthesis procurement. After propensity score risk adjustment, patients who
received inpatient rehabilitation remained 1.51 times more likely to survive (95% Cl, 1.26—
1.8) and 2.58 times more likely to be discharged home (95% CI, 2.17-3.06) compared to
patients with no inpatient rehabilitation (see table 4). There was no statistically significant
difference in prosthetic limb procurement between the groups.

DISCUSSION

In this observational study involving veterans with lower-extremity amputation for largely
nontraumatic etiologies, we found that acute postoperative inpatient rehabilitation was
associated with improved outcomes. After adjusting for multiple factors that could confound
comparisons among groups, inpatient rehabilitation patients were more likely to be discharged
home and to survive 1 year postoperatively compared to those patients with no inpatient
rehabilitation. The definition of acute rehabilitation applied in our study was broad. It included
an inpatient program provided by an interdisciplinary rehabilitation team either through
generalized consultation or on a specialized rehabilitation bed unit while veterans were still
hospitalized for their amputations. Thus, this approach to studying outcomes differs from most
reports that tend to be limited to the small proportion of the amputee population (9.6%-16%)
that receives treatment within a designated rehabilitation bed either at an IRF in the private
sector or on a specialized rehabilitation bed unit.6:7:37

It appears that the commonly articulated goals of acute postoperative rehabilitation to help
patients with amputations regain sufficient mobility to return home are being realized. The
positive influence on 1-year survival is consistent with findings for stroke rehabilitation.38:39
Improvements in mobility and general functioning could be enhancing survival among those
patients with new amputations and making it possible for larger proportions of patients to return
home from the hospital. We were unable to directly test mobility and other types of functional
status as outcomes because that information is not collected on those who do not enter the
rehabilitation continuum.

We recognize that RCTs remain the criterion standard for demonstrating efficacy.
Observational studies intended to simulate trials can lead to positive findings later proven
spurious through RCTs.4941 However, such observational, naturalistic studies have supported
effectiveness or lack of effectiveness in a variety of health care interventions, thus justifying
RCTs that subsequently confirmed their findings.10-12:42:43 RCTs cannot be undertaken for
all interventions in which benefit is unknown, particularly when strong beliefs about benefit
make randomization difficult. Conversely, the results of observational studies can support
effectiveness but must be interpreted cautiously.** Although we adjusted for a rich set of
patient- and facility-level factors, propensity scores can remove bias due to treatment selection
differences resulting from unmeasured confounding factors only to the extent that the
unmeasured and measured factors are correlated. Neither the magnitude of this correlation nor
the degree to which selection bias is reduced can be completely known. Recognizing that
unobserved covariates can potentially cause inaccurate effect size estimations, we applied all
available patient- and facility-level information in our databases believed to have any potential
of affecting the selection of patients for inpatient rehabilitation or outcomes in efforts to
maximally reduce selection bias.34

A major advantage of our study was the ability to use VHA centralized data and organizational
structure to obtain system-wide data for acute care and inpatient rehabilitation. The
development of integrated care structures that cover interdisciplinary rehabilitation after acute
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care for disabling conditions is becoming a priority worldwide.45 The VHA has moved to the
forefront of developing such integrated systems of health care in the United States.46748 In
addition to multifaceted electronic medical record data capturing and monitoring systems, the
VHA mandates that rehabilitation potential be evaluated in the majority of amputees and has
defined a continuum of rehabilitation services.? Our results suggest that entrance into the
rehabilitation continuum with receipt of some form of formal rehabilitation (generalized
consultative or admission onto a specialized rehabilitation bed unit) during the inpatient
postoperative period is effective. Most previous studies, which are limited to IRFs, view
rehabilitation as being a separate episode outside the acute hospitalization (postacute care). In
our study, all initial rehabilitation assessments occurred while patients were still being treated
within nonrehabilitation bed sections within the acute hospital. Moreover, all rehabilitation
treatment occurred during and within the acute hospitalization in which the amputation
occurred.

Private sector data on rehabilitation (ie, collected by Medicare) are more limited than data
collected by the VHA. Documentation of care is fragmented, and episodes are poorly linked.
In contrast to the VHA, most data systems in the U.S. private sector do not map into one another.
Although amputees in private sector hospitals may be seen by rehabilitation consultants, there
is no administrative data source that tracks those services. Information is captured only on the
small proportion of patients (<25%) who receive care in IRFs.6:7:37 Without a data source
comparable to the rehabilitation continuum database in the VHA, it would be impossible to
replicate this type of study in the private sector or in other nations. The private sector in the
United States and health systems around the world deal with many of the same issues of clinical
decision-making and rehabilitation after amputation as does the VHA. Consequently, our
findings could have implications to the care of nonveterans and amputees in other nations, but
the findings will need to be interpreted cautiously.

In 2001 and 2004, the Centers for Medicare & Medicaid Service published final rules
implementing a new prospective payment system and policy changes regarding the case-mix
diagnostic criteria used to determine which private sector programs were eligible to receive
reimbursement as an IRF.59:51 From 2004 to 2006, there was an estimated 19.2% decline in
the overall IRF caseload and a 13.5% reduction in the number of lower-extremity amputees
treated.52 Moreover, substantial reductions in median length of stay for the general population
treated in IRFs have been shown to be associated with increases in mortality at 80- to 180-day
postdischarge follow-up.>3 These results, coupled with our VHA-related findings, suggest that
ongoing reductions in rehabilitation availability could have tangible and detrimental effects.

Study Limitations

There were some limitations in our study. Although there are clear differences in the structure
and processes of services in the VHA and private sector health care systems, there is evidence
that changes in the 1990s in the delivery of VHA health care are leading to reductions in
variability across sectors.>* Clearly, however, outcomes might differ among women and
nonveterans. Although recognizing differences in the populations treated, studies on veterans
who tend to be poorer and of ethnic minorities could provide insight on the needs of some of
the most vulnerable subgroups in the private sector. However, racial characteristics were not
included in our analyses because of a great deal of missing information. Finally, it is important
to recognize that, although the acute postoperative inpatient rehabilitation pattern studied here
was the most common, it includes less than half the veterans who ultimately received some
form of inpatient rehabilitation but who did not receive the acute pattern.
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CONCLUSIONS

We offer the time, place, and type of services framework as a way to classify and understand
the complexity of services received. This model takes into account the rehabilitation services
received along a continuum. Moreover, the rehabilitation continuum is one of many
interlocking continuums that operate in defining overall patient care. With this broad view, it
becomes important to address how rehabilitation services relate temporally to the provision of
other types of medical and surgical services. We cannot necessarily assume that other
rehabilitation service patterns will have the same effects on outcomes as the acute inpatient
pattern studied here. Future efforts will need to be directed at assessing the influence of a wide
variety of rehabilitation care patterns on outcomes. The ultimate goal will be to determine the
optimal integration of rehabilitation within the larger fabric of health care services.

Our study sheds light on the effectiveness of acute postoperative inpatient rehabilitation after
amputation. Such findings are important in an era when the availability of such services may
become increasingly restricted due to cost containment efforts in the United States and around
the world. Because of the need to identify cohorts of patients that received sufficiently
homogeneous rehabilitation treatments, this study was limited to those who received the acute
postoperative inpatient pattern. The effectiveness of rehabilitation among the 43.5% of the
amputee population who had some form of inpatient rehabilitation but who did not receive the
acute pattern will need to be studied in the future. It will also be important to determine if there
are incremental benefits of receiving rehabilitation services on an interdisciplinary,
comprehensive, specialized, rehabilitation bed unit compared with receiving generalized
consultative services.

In addition to addressing the associations of outcomes with other rehabilitative care patterns
and for other rehabilitation diagnoses, future studies will also need to include the effects of
home care and outpatient rehabilitation services. Our findings suggesting the overall benefit
of rehabilitation support the development of RCTs to search for the individual treatment
components most associated with better outcomes.
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4727 veterans with lower-extremity

amputation

7 excluded for lack of information
- 6 had unspecified amputation level
1 had missing living location before hospitalization

3465 had evidence of
inpatient rehabilitation

321 excluded
because of

missing <
information on
rehabilitation
level and/or
timing

Y

rehabilitation more than 24 hours beyond

1726 excluded who had inpatient
rehabilitation before surgery or began

the index surgical discharge date

1418 amputees
included in analysis as
the “acute
postoperative inpatient
rehabilitation cohort™

Fig 1.

1255 amputees
included in analysis as
the “no evidence of
inpatient rehabilitation
cohort”

Flow diagram of veterans with lower-extremity amputation included in this study.
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Fig 2.

A nonparametric illustration of the overall distribution of propensity for treatment comparing
the no evidence of rehabilitation group to the acute rehabilitation group. The overall
distributions are shown through a boxplot comparing those who received and did not receive
inpatient rehabilitation. The upper inner and lower horizontal lines are the 75th, 50th, and 25th
percentiles, respectively. The lower and upper tips of the vertical lines represent the minimum
and maximum values of propensity, respectively.
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Fig 3.

A nonparametric illustration of the distribution of propensity for treatment comparing the no
evidence of rehabilitation group to the acute rehabilitation group stratified by propensity
quintile. The distributions are shown through a boxplot comparing those who received and did
not receive inpatient rehabilitation by propensity quintile. The upper inner and lower horizontal
lines are the 75th, 50th, and 25th percentiles, respectively. The lower and upper tips of the
vertical lines represent the minimum and maximum values of propensity, respectively.
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Table 1

Baseline Characteristics According to the Receipt of Acute Postoperative Inpatient Rehabilitation Services

Received Acute
Postoperative ~ No Evidence of

Inpatient Inpatient
Rehabilitation ~ Rehabilitation
Characteristics (n=1418) (n=1255)
Demographics
Average age (y) 67.2 (35-87) 67.7 (26-95)
Sex (male) 1406 (99.2) 1245 (99.2)
Marital status (not married) 765 (54.0) 706 (56.3)
Living location before
hospitalizationi
Extended care 88 (6.2) 206 (16.4)
Home 1294 (91.3) 1005 (80.1)
Hospital 36 (2.5) 44 (3.5)
Transtibial amputation levelf 836 (59.0) 637 (50.8)
Contributing etiologies
Previous amputation
complication® 131 (9.2) 94 (7.5)
Systemic sepsis* 145 (10.2) 197 (15.7)
Comorbidities
Fluid and electrolyte
disorders™ 300 (21.2) 317 (25.3)
Hypertension¢ 910 (64.2) 687 (54.7)
para|ysisT 64 (4.5) 89 (7.1)
Renal failure™ 238 (16.8) 256 (20.4)
Time from admission to 8.3 13.8
surgery (d)
Procedures
Active pulmonary
pathology™ 16 (1.1) 29 (2.3)
Ongoing active cardiac
pathology™ 177 (12.5) 196 (15.6)
Serious nutritional
compromiseT 63 (4.4) 97 (7.7)
Severe renal disease 115(8.1) 146 (11.6)
ICU admission® 534 (37.7) 612 (48.8)
Average no. of bed sections
(range)™ 2.6 (1-18) 2.5 (1-18)

NOTE. Values are n (range) or n (%). Only statistically significant amputation etiologies, comorbidities, and procedures are shown; region (5
categories) and total hospital bed size (4 categories) were both statistically significant P<.01 (data not shown).

Abbreviation: ICU, intensive care unit.

*
P<.05.
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P<.01.

P<.001.
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Illustration of Balance for Key Clinical Characteristics Before and After the Application of Propensity Score

Quintiles

Covariate

Before Propensity Adjustment OR (95% CI)

After Propensity Adjustment OR (95% CI)

Admission from home vs extended care
Admission from hospital vs extended care

Transtibial vs transfemoral

Paralysis
Systemic sepsis
Hypertension

ICU admission

1.05 (1.03-1.08), P=.001
1.02 (0.99-1.05), P=.15
1.06 (1.03-1.08), P<.001
0.92 (0.87-0.98), P=.005
0.92 (0.89-0.96), P<.001
1.07 (1.04-1.10), P<.001
0.93 (0.90-0.95), P<.001

1.00 (0.98-1.03), P=.85
1.00 (0.98-1.03), P=.85
1.00 (0.98-1.03), P=.72
0.99 (0.93-1.05), P=.73
0.99 (0.95-1.04), P=.78
1.00 (0.97-1.03), P=.88
1.00 (0.97-1.03), P=.88

NOTE. Values are ORs and Cls. ORs, Cls, and P values associated with treatment group in models predicting key baseline clinical characteristics
before and after adjustment for the 5 propensity score quintiles. The treatment variable is structured such that not receiving inpatient rehabilitation

forms the reference group.

Abbreviation: ICU, intensive care unit.
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Table 4
Frequency and Adjusted Outcomes Associated With the Receipt of Acute Postoperative Inpatient Rehabilitation
Services
Outcome n (%) Unadjusted OR (95% CI)  Adjusted OR (95% CI)

Inpatient rehabilitation
1-year survival 1087 (76.7)*
Home discharge 1036 (73.1)"
Prescription of a prosthetic limb 315 (22 2)t
No inpatient rehabilitation
1-year survival 789 (62.9)

Home discharge 558 (44.5)
Prescription of a prosthetic limb 206 (16.4)

1.94 (1.64-2.30)"
3.39 (2.88-3.98)"

1.45 (1.20-1.77)"

1.0
1.0
1.0

1.51 (1.26-1.80)"

2.58 (2.17-3.06)"
1.18 (0.96-1.45)

1.0
1.0
1.0

*
P<.001.

TP<.01.
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