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Abstract
Objective—To compare the recovery of mobility and self-care functions among veteran
amputees according to the timing and type of rehabilitation services received.

Design—Observational study of inpatient rehabilitation care patterns of 2 types (specialized and
consultative) with 2 timings (early and late).

Setting—Data from inpatient specialized rehabilitation units (SRUs) and consultative services
within 95 Veterans Affairs Medical Centers across the United States during fiscal years
2003-2004.

Patients—Medical records of 1,502 patients who received early or late consultative or
specialized rehabilitation.

Assessment of risk factors—Hypotheses were established and general categories of negative
and positive risk factors specified a priori from available clinical characteristics. Linear mixed
effects models were used to model motor Functional Independence Measure (FIM™) gain scores
on patient-level variables accounting for the correlation within the same facility.
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Main outcome measures—Recovery of activities of daily living (ADLs) and mobility
(physical functioning) expressed as the magnitudes of gains in motor FIM™ scores achieved by
rehabilitation discharge.

Results—After adjustment, amputees who received specialized rehabilitation had motor FIM™
gains that were on average 8.0 points higher than those amputees who received consultative
rehabilitation. Although patients whose rehabilitation was delayed until after discharge from the
index surgical stay tended to be more clinically complex, they had comparable gains to patients
who received early rehabilitation. Advanced age, trans-femoral amputation, paralysis, serious
nutritional compromise, and psychosis were associated with lower motor FIM™ gains. The
variance for the random effect for facility was statistically significant, suggesting extraneous
variation within facility that was not explainable by observed patient-level variables.

Conclusion—Based on this analysis, those patients who receive specialized rehabilitation can be
expected to make comparatively higher gains than patients who receive consultative services,
regardless of timing and clinical complexity. Findings highlight the need for clinicians to adjust
prognostic expectations to both clinical severity and the type of rehabilitation patients receive.

Introduction
Approximately 1.6 million, or one in every 190 Americans, was estimated to have limb loss
in 2005.1 The aging of the population and the high prevalence of diabetes mellitus could
more than double the number to 3.6 million by the year 2050. Amputation is physiologically
and functionally devastating with extraordinary economic costs and reductions in quality of
life. It is generally believed that rehabilitation, by enhancing functional recovery, can
improve quality of life and reduce the economic burden associated with major limb loss.
Yet, there is ongoing concern that health care professionals have little evidence of the value
of many treatment alternatives, including rehabilitation. Consequently, the current Federal
Administration strongly endorses comparative effectiveness research as a way to address
how patients with a particular medical condition react to alternative “real world” approaches
to care.2 The comparison of outcome expectations associated with differences in the timing
and type (intensities) of rehabilitation received by patients with lower extremity amputation
is essential for the upcoming healthcare reform debate.2

Variation in care has been documented in many medical fields, particularly where
knowledge about best practices is most uncertain.3 Clearly, knowledge about best practices
in rehabilitation is limited. Rehabilitation involves a long process with phases that are not
well defined, sharply delineated, or standardized and the level of services provided varies.4
Moreover, high intensity care, as shown in other fields, is not necessarily associated with
higher quality care or improved outcomes.5 We previously developed the Type, Place,
Timing (TPT) framework6 to help delineate rehabilitation patterns and phases of care, and to
study the degree to which rehabilitation service variability is associated with outcome
differences among clinically similar groups of patients (Figure 1). Outcomes, using this
framework, are expected to vary according to (1) the Type of rehabilitation received, (2) the
Place where rehabilitation occurs, and (3) the Timing of rehabilitation. The TPT framework
expands on the Donabedian domains of structure, process, and outcomes by visualizing
linkages between rehabilitation and other types of health care services and by focusing on
the environment where care occurs. This framework encourages a paradigm shift away from
visualizing single episodes towards visualizing the continuum of services and further
focusing on how care setting environments might influence patients' outcomes.7

The TPT framework is supported by previous findings that patient complexity, as well as
structural elements, influence both the types of rehabilitation received by patients and their
outcomes in stroke and amputation.8-10 The decision as to whether patients receive
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specialized or consultative rehabilitation relates to clinical traits. For example, among
veteran amputees, those with either the most profound or mild physical disabilities are more
likely to receive consultative, while those with intermediately severe disabilities are more
likely to receive specialized rehabilitation.11

These patterns would seem logical. Ambulation after limb loss is demanding. It might be
impractical for those with profound disabilities. Conversely, those with mild disabilities are
more likely capable of moving directly to outpatient services. There is also evidence that the
type of rehabilitation received depends on service availability. While 26% of veterans whose
surgical amputations occurred at Veterans Affairs Medical Centers (VAMCs) with
specialized rehabilitation unit (SRU) beds received specialized services, only 11% of those
whose amputation occurred in a VAMC without those beds received specialized care.8
Patient complexity across multiple domains (demand)12 and facility-level structural
characteristics (supply)13 within the TPT framework are seen as combining with the
medical-surgical care received to influence rehabilitation professionals' decisions about
when, where, and what services to provide (Figure 1). The results of such decisions could
influence the level of functional outcomes achieved.

The TPT framework classifies rehabilitation processes by type, place, and timing. The
“Type” (T) of rehabilitation approximates what is done for the patient, i.e., the “Black Box
of services.”14, 15 In this study, type contrasts specialized and consultative rehabilitation
services. In specialized rehabilitation, patients are discharged from medical or surgical
services and transferred to specific SRUs set aside for comprehensive inpatient
rehabilitation. Primary responsibility for care shifts to Physical Medicine and Rehabilitation
(PM&R) professionals with functional recovery becoming the main focus of the hospital
stay. SRUs must meet explicitly defined standards, as outlined in the “CARF (Commission
on Accreditation of Rehabilitation Facilities) Medical Rehabilitation Standards Manual.”16,
17 These continuously updated field-driven standards are aimed at constantly improving the
value and responsiveness of the programs delivered to the people served.

SRU care in the Veterans Health Administration (VHA) tends to be highly coordinated and
highly intensive with PM&R professionals seeing patients daily at set intervals. It is
comparable to treatment in an inpatient rehabilitation facility (IRF) in the private sector.
Consultation rehabilitation, by contrast, occurs when PM&R professionals see patients while
they remain on other acute hospital services. Medical and surgical care remain the primary
focus of the hospital stay. The patients' overall care remains the primary responsibility of
those services. Consultation rehabilitation services are not required to follow CARF
technical standards. During consultation rehabilitation, PM&R professions typically do not
see patients daily but rather according to assessed need and staff availability.

The “Place” (P) reflects the setting where rehabilitation services are rendered, including
inpatient, outpatient, long-term care facility, or home.15 Place is particularly relevant to the
rehabilitation process and the capacity of that setting to produce a quality outcome. Even
more important than to other healthcare fields, the environmental contexts,18 i.e., where
rehabilitation occurs, will determine how well the functional outcomes achieved generalize
to the individual's eventual real world living circumstances. Place is primarily the inpatient
setting in this study.

The “Timing” (T) of rehabilitation relates to the onset of the disability and/or to the receipt
of previous fundamental non-rehabilitative health care services, such as surgery in the case
of amputation. In this study, the surgical amputation date and the hospital discharge date of
the index surgical stay (the hospital stay in which amputation occurs) define onset and
timing. Immediate postoperative inpatient rehabilitation occurs directly after the surgical
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amputation while patients are still hospitalized. With this early pattern, because they receive
rehabilitation directly after surgery, patients can presumably avoid the development of
maladaptive compensatory gait or transfer patterns which could theoretically complicate
later prosthetic rehabilitation. Late rehabilitation begins during a separate hospitalization
after discharge from the index surgical stay. In the late pattern, patients experience life in a
non-hospital circumstance (either long-term care facility or home) before beginning
rehabilitation, thereby gaining more of a real-life context to the process. Timing is
introduced as essential to understanding how rehabilitation fits within the continuum of care
along with medical, surgical, and other types of healthcare episodes.

In this study, we explored differences in expectation for motor Functional Independence
Measure (FIM™) gain for patients receiving single episodes of inpatient specialized or
consultative rehabilitation occurring either in the immediate postoperative period (early) or
after acute hospital discharge (late). Motor FIM™ gain was selected as the outcome of
interest because the recovery and preservation of physical functioning is considered the
primary objective of rehabilitation treatment.19 We hypothesize that because of its greater
coordination and intensity, patients who receive specialized rehabilitation can be expected to
realize higher gains in physical functioning by discharge than patients who receive
consultative rehabilitation, controlling for timing and clinical characteristics. We also
anticipate that patients who receive early compared to late rehabilitation will achieve
slightly higher motor FIM™ gains.

Methods
This observational study was approved by the Institutional Review Boards at the University
of Pennsylvania in Philadelphia, Pennsylvania and the Samuel S. Stratton Veterans Affairs
Medical Center (VAMC) in Albany, New York. This study was a quantitative
epidemiological analysis in which data were collected through observations.20 It is
considered prognostic because patients' initial motor FIM™ scores and all other clinical
characteristics were measured prior to rehabilitation treatment and the final motor FIM™
score was measured at the conclusion of rehabilitation treatment at discharge.

Database Description
Data were obtained from 7 VHA administrative databases used to track veterans' health
status and health care utilization. The databases included 4 inpatient datasets referred to as
the Patient Treatment Files (PTF) (main, procedure, bed section, and surgery),21 2 outpatient
datasets (visit and event), and the Functional Status and Outcomes Database (FSOD).22 Our
methods of data extraction have been previously described.12, 23, 24 The FSOD, in
particular, was most essential to this study since it tracks the timing and type of
rehabilitation services received along a continuum and functional status regardless of the
type(s) of rehabilitation received.

Definition of the Care Patterns Studied
This analysis focused on outcome expectations for persons who received inpatient
rehabilitation care patterns of 2 types (specialized and consultative) with 2 timings (early
and late). It is limited to those with a single episode of rehabilitation, either consultation
only or specialized during the early or late time period.

Type = Specialized pattern—These patients were seen in consultation first, and then
referred to the higher level specialized services. Individuals are discharged from specialized
rehabilitation services when the team believed they achieved their goals or could not achieve
them.
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Type = Consultative pattern—Patients in the consultative groups completed their
rehabilitation services on the consultative service and had no evidence of admission onto a
SRU. Individuals are discharged from consultative rehabilitation services when the team
believed they achieved their goals or could not achieve them.

Place—The patterns we studied were constrained to one place; that is, the inpatient VAMC
setting, with continuation in the outpatient setting in some cases.

Timing = Early pattern—This is the acute or immediate postoperative rehabilitation
pattern. Patients who had early timing met the following criteria: 1) had FSOD evidence of
treatment on a SRU or consultation service with admission dates that fell after the surgical
amputation date but on or before the index surgical discharge date; and 2) had no evidence
of a SRU or consultation admission date after the index surgical discharge date.

Timing = Late pattern—This is a post-acute rehabilitation pattern. Patients who had late
timing met the following criteria: 1) had FSOD rehabilitation admission and discharge dates
that fell at least 1 day after discharge from the index surgical stay; and 2) had no evidence of
consultative or SRU rehabilitation during the index surgical stay.

Subjects
There were a total of 4,727 veterans with a new lower extremity amputation identified from
two waves of data spanning from October 1, 2002 to September 30, 2004 (fiscal years [FY]
2003 and 2004). A new major amputation was defined as the individual having no evidence
of an amputation within the year preceding the index surgical date with amputation above
the toes being considered a major amputation.25

The process to reach our final sample is illustrated in Figure 2. There were 370 individuals
who had some evidence of rehabilitation, but had to be excluded because they did not have a
rehabilitation discharge date or had incomplete rehabilitation treatment information (V57
codes indicating some form of inpatient rehabilitation but no formal FSOD record), leaving
4,357 who could be assigned to our study groups. The full population was first described
according to rehabilitation timing using the rehabilitation admission and discharge dates
along with the surgical date. Timing of inpatient rehabilitation was classified broadly as
preoperative (with or without rehabilitation at other periods), early (after surgery, but
beginning services before discharge from the index surgical stay), late (after surgery and
after discharge from the index surgical stay), or both early and late.

Since the primary intention of this study was to compare outcomes of patients who received
inpatient rehabilitation based on two types (specialized or consultative) with two timings
(early or late), those patients who did not receive rehabilitation according to one of these
patterns were not included in the study. Specifically, we excluded patients with timing being
preoperative for both specialized and consultative. There were 1,598 of the 4,357 veterans
(36.68%) identified who received one of the patterns selected to be studied here. To generate
the final analytic data set, 96 individuals with missing discharge FIM™ scores or living
location prior to the surgical hospitalization had to be removed. There were 1,502 veterans
(i.e., 94.0% of the 1,598 patients) with complete data available for analysis.

Explanatory Variables
Facility-level structural characteristics—The variable identifying the 95 VAMCs
where surgery occurred was the single facility-level structural variable included as a random
effect.
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Patient level-characteristics—Patient-level characteristics were organized into domains
of related information through the multidimensional diagnostic-specific Post Amputation
Quality-of-Life (PAQ) framework12 intended to characterize patients' relative need for
rehabilitation. The dimensions include sociodemographics, illness burden, and functional
status.

Sociodemographic variables include age, gender, marital status (married versus not
married), and living location prior to the surgical hospitalization (extended care versus home
or hospital).

Illness burden encompasses contributing amputation etiologies, comorbidities, amputation
level, and medical acuity. Diagnoses (both amputation etiologies and comorbidities) were
identified using International Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM) diagnosis codes from the outpatient care files beginning three months prior to
the hospitalization and from the main and bed section files up to the surgical date. Ten of the
original twelve etiologies were included in our analyses.23 Congenital deformity and lower-
limb cancer etiologies had insufficient prevalence for inclusion.

For the comorbidities, we used the 2003 version of the Elixhauser comorbidity measure.26,
27 There were no cases with the ICD-9-CM code for the comorbid condition of obesity.
Thus, obesity was not included in the analyses.

Amputation level distinguished between type and number: unilateral trans-tibial (reference
category), unilateral trans-femoral, bilateral trans-tibial, and bilateral trans-femoral. Patients
with a trans-tibial and trans-femoral amputation were combined and classified as bilateral
trans-femoral amputees because of low prevalence.

Medical acuity was intended to adjust for the extent of active illness during the index
surgical stay. The acuity classification system combined procedural codes combining
diagnostic workups and treatments of certain organ systems, such as cardiopulmonary,
expected to affect an individual's tolerance of therapy or capacity to recover function.12

Initial functional status was determined at the time of rehabilitation admission as specified
by the 18 item 7 performance level FIM™.28 The FIM™ is the standard measure of
functional status applied in assessing VHA and private sector rehabilitation patients
consisting of motor and cognitive domains. The 13 motor FIM™ summed score (range
13-91) expresses patients' physical abilities to manage activities of daily living (ADLs) and
to move around in their environments. The 5 cognitive FIM™ summed score (range 5-35)
expresses patients' abilities to communicate and perform basic cognitive functions. The
FIM™ sub-scales are reliable and internally consistent.29, 30 Low scores in either the motor
or cognitive FIM™ signify greater disabilities (profoundly severe), and higher scores
indicate patients have milder disabilities.

Outcomes
The dependent variable was magnitude of gain in the 13 functions expressed as the motor
FIM™ score change. The magnitude of gain was calculated by subtracting the patient's
motor FIM™ score at admission from his or her motor FIM™ score at discharge. A larger
positive number is associated with greater gains in physical functioning.

Analysis
To understand how the characteristics of patients differed across 2 types and 2 timings of
rehabilitation, a table was developed to show patient-level characteristics (frequencies and/
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or means) by type and then by timing. P-values obtained from Chi-square tests or t-tests
were shown in the table.

Next, we compared differences in initial and discharge motor FIM™ score, and the outcome
of interest, i.e., motor FIM™ gain score, by types and timings of rehabilitation received. P-
values were obtained from t-tests.

We then fit linear mixed effects models. In the models, the motor FIM™ gain score was the
outcome. Prior to model building, the histogram of motor FIM™ gain score was shown to
be skewed to the left. Transformations provided little correction for this skewness. However,
once covariates were entered into the model, the histogram of the residuals was close to a
normal distribution. Therefore, we fit the model to the original motor FIM™ gain score
without transforming it.

The two main predictors were the type (specialized versus consultative) and the timing
(early versus late) of rehabilitation which entered the models as two dummy variables. Our
hypothesis related primarily to the influence of the timing and type of rehabilitation services
on the outcome. Consequently, the main effects model was the focus of analysis. The
statistical interaction between type and timing was tested secondarily to show if the
influence of the type of rehabilitation was similar at both time periods.

The other predictors that we considered were summarized earlier in this paper. Specifically,
because we assumed that there could be a non-linear association between the outcome and
patient's initial motor FIM™ score, we tested the significance of the quadratic term. We also
included a dummy variable to indicate year (1 or 2) to adjust for change in the patterns of
service utilization.

The 95 VAMCs in which surgery occurred were entered as a random effect to adjust for any
potential correlations among the outcomes of patients receiving care at the same site.

To build the final model, we entered all predictors in a linear mixed effects model first. Then
backward model selection was conducted manually. Specifically, variables with p≥0.05
were removed one at a time, starting with the variable with the highest p-value. The
significance of the remaining variables was checked, recognizing that previously
insignificant variables may become significant as other variables were removed. The manual
selection stopped when all variables in the final model were significant (defined as p<0.05).

To illustrate the degree to which it is important to consider the rehabilitation care pattern
when estimating prognosis, we used the reduced model to estimate average motor FIM™
gains for 3 simulated case types, assuming each received consultative versus specialized
rehabilitation services. PROC MIXED in SAS 9.1 was used for all adjusted analyses.

Results
Of the 1,502 cases in this analysis, the vast majority (79.1%) received consultation services,
while 314 (20.9%) were admitted onto a SRU for specialized rehabilitation. Also, most
patients received the early pattern of care (89.1%). For those in the late pattern, the average
time between discharge from the index surgical stay and admission to late rehabilitation was
73.5 days (inter-quartile range [IQR]: 13.0-118.0 days). Of the 164 persons who received
late rehabilitation, 21 patients (12.8%) had either a re-amputation (n=19) or surgical revision
(n=2) prior to their late admission date.

The characteristics of patients who received specialized versus consultation rehabilitation
and early versus late rehabilitation are shown in Tables 1 and 2. Patients who received
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specialized compared to those who received consultation services were younger (p<0.001),
and more likely living at home before hospitalization (p=0.04). They were also more likely
to have unilateral trans-tibial amputations (p<0.0001), and to have device infections and/or
diabetes mellitus as contributing causes (p<0.05). With regard to comorbidities, lower
proportions of persons who had specialized rehabilitation had iron deficiency anemia, other
neurological conditions, renal failure, tumor without metastasis, ongoing cardiac pathology,
or serious nutritional compromise (all p-values<0.05). They were more likely to have
substance abuse or mental health issues (p<0.01). In contrast, persons who received
specialized rehabilitation also had strikingly higher average motor and cognitive FIM™
scores at admission than those patients who received consultative rehabilitation (p<0.0001).
There was also a difference in rehabilitation length of stay (LOS) between the two types of
rehabilitation determined as the time between rehabilitation admission and discharge dates.
Those patients who had specialized received services, on average, for 16.8 days compared to
14.3 days for those patients who received consultative rehabilitation services (p=0.02).
[Note: This information is not in Table 1 and we did not include this in our models either as
we designed our models to be prognostic.]

Compared to patients who received early rehabilitation, those patients who received late
rehabilitation were more likely residing in an extended care facility at the time of admission
for their surgical amputation (p<0.0001). They were more likely to have cardiac
arrhythmias, valvular disease, congestive heart failure, weight loss, or renal failure noted at
the time of surgery (all p-values<0.05). Patients who received rehabilitation late, on average,
were less physically disabled at the time of rehabilitation than those who received
rehabilitation early, and had significantly less change in motor FIM™ by rehabilitation
discharge (p<0.05).

Table 3 shows estimates from the final model after backward selection and testing the
significance of the quadratic terms of the initial motor and cognitive FIM™ scores and the
interaction between type and timing. The timing variable was not selected (p-value=0.51 in
the full model with all predictors) and the type by timing interaction was not significant
either (p=0.99 in the full model). The quadratic term of initial motor FIM™ score was
significant but not the quadratic term for the initial cognitive FIM™ score. Thus, the final
model has type and the quadratic term of initial motor FIM™ score. The timing variable, the
quadratic term of initial cognitive FIM™ score, and the interaction between type and timing
were not included in the final model.

After adjusting for clinical differences and the facilities where patients received surgical
amputation, the type of rehabilitation received was a strong predictor of motor FIM™ gains
(p<0.0001). Patients receiving specialized rehabilitation compared to consultative
rehabilitation would be expected to have on average 8.0 points higher motor FIM™ gain
scores. The significance of the quadratic term of initial motor FIM™ score shows that the
influence of the severity of initial physical disability was complex. Those patients whose
initial physical disabilities were profoundly severe (lower initial motor FIM™ scores) or
mild (higher initial motor FIM™ scores) made lower gains in physical functioning
compared to those patients in the middle band (with intermediate severity of initial physical
disability).

After adjusting for other clinical covariates and the facilities where patients had their
surgical amputations, persons who were elderly or who had cognitive disabilities made
lower gains in physical function. Veterans with either unilateral or bilateral trans-femoral
amputations made lower gains (an average 1.7 and 2.7 motor FIM™ points lower,
respectively) than veterans with a unilateral trans-tibial amputation. In contrast, those
patients with bilateral trans-tibial amputations were able to make comparable gains to those
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patients with unilateral trans-tibial amputations. Veterans who had serious nutritional
compromise with a feeding gastrostomy, enterostomy, or parenteral nutrition during the
index surgical stay recovered less physical function (by an average of 3.7 motor FIM™
points), as did those patient with paralysis (by an average of 4.3 motor FIM™ points) or a
history of psychosis (by an average of 3.6 motor FIM™ points). Finally, the variance of the
random effect of facility was statistically significant (p=0.04), suggesting that there was
extraneous variations within facility that was not explainable by observed patient-level
variables.

Applying the model parameters from Table 3, we illustrate how expectations for motor
FIM™ gain differ for 3 case types depending on whether they receive specialized or
consultative care.

Case type1 profile includes patients who are 80 years old, with bilateral trans-femoral
amputation, local significant infection, paralysis, an initial motor FIM™ = 35, initial
cognitive FIM™ = 30, and serious nutritional compromise. Applying these parameters to
forecast for this subgroup, an average gain of 9.0 motor FIM™ points for rehabilitation on a
SRU would be expected compared to only a gain of 1.0 motor FIM™ point if consultation is
provided in the same facility.

Case type 2 profile is for patients who are 55 years old, with unilateral trans-tibial
amputation, initial motor FIM™ = 80, and initial cognitive FIM™ = 35. An average gain of
10.2 motor FIM™ points is projected for specialized compared to 2.2 motor FIM™ points
for consultative rehabilitation within the same facility.

Case type 3 profile is identical to the case type 2 profile except for the much lower initial
motor FIM™ = 70. The forecasted average motor FIM™ gains is 17.5 motor FIM™ points
assuming specialized and 9.5 motor FIM™ points assuming consultative rehabilitation
within the same facility.

Discussion
The Effects of Service Type on Gains in Physical Function

Results confirmed our primary hypothesis. After controlling for clinical differences, and
strongly dependent on initial severity of disabilities, amputees who receive a single episode
of specialized rehabilitation services can be expected to achieve gains in physical function
that are on average 8.0 motor FIM™ points higher than those patients who receive
consultative rehabilitation. Amputees see residual difficulty in physical functioning as the
strongest negative influence of limb loss on quality of life.31 Also, a one point increase in
the FIM™ is estimated to be associated with an average decrease in the required care from a
second person for 2.2-5.0 minutes per day.28, 32-35 Thus, an 8.0 FIM™ point improvement
is clinically meaningful. The expected higher gains associated with specialized rehabilitation
is consistent with previous findings36 and highlights the need for clinicians to consider the
types of rehabilitation planned before attempting to prognosticate functional recovery.

The Effects of Other Types of Clinical Characteristics on Gains
Findings also identified essential clinical information that can be applied to project the likely
magnitude of functional gains. Veterans' initial severity of physical disability after
amputation represents the single most important prognostic factor. Results highlight a
middle band effect. Patients with either severe or mild initial physical disabilities can be
expected to have less recovery of physical functioning than those with intermediate levels of
physical disability. Logically at the extremes of severity, limitations are so profound that it
becomes difficult for individuals to mount sufficient efforts to make large gains. Moreover,
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with mild disability, it is impossible to measure recovery beyond the measurement ceiling of
the motor FIM™. The facilitating effects of high cognitive function on the recovery of
physical abilities empirically support the common clinical assumptions that patients need
memory, recall, and problem solving skills to benefit from therapy.

Many of the patient-related factors shown by association to independently retard gains are
known to forecast a variety of adverse outcomes. Advanced age, the presence of many
illnesses, and above the knee amputation have previously been noted to be associated with
reduced functional recovery after amputation.10, 37-39 In addition to harboring reduced gains
as shown in our study, malnourishment is associated with higher rates of postoperative
infection after revascularization procedures.40 Cardiac dysfunction, shown to both delay
rehabilitation and reduce gains in our study, is the most common attributed cause of death
after surgical amputation.41 A history of psychiatric disturbance appearing as a negative
prognostic factor for gains in physical function has also been linked to reduced capacity and
recurrent symptoms following revascularization procedures of the legs.42 Finally, paralysis,
high amputation level, cognitive deficits, and nutritional compromise, all of which were
demonstrated to be negative prognostic factors for gain in this study, also reduce the
likelihood of patients being prescribed a prosthetic limb.12 Furthermore, there are likely
additional non-measured variables, such as motivation, that are contributing to prognosis.
Our finding that amputees in whom hypertension is coded make higher gains is less
clinically intuitive and harder to explain. It could be that the medical management of and
therapies provided to those with hypertension are more carefully monitored. Alternatively, it
may be that among most medically complex amputees with hypertension that the coding of
more serious conditions would take precedence. This later interpretation is consistent with
previous studies on mortality. Patients with a variety of conditions including amputation
who have hypertension documented in administrative records are repeatedly shown to have
significantly lower rates of mortality. 23, 43,44

The Effects of Rehabilitation Timing on Gains
Although patients who had early rehabilitation made higher motor FIM™ gains than those
individuals who had later rehabilitation, the apparent benefit of early rehabilitation on
functional recovery disappeared after adjusting for illness burden and initial severity of
disability. With regard to the published literature, most studies on the effects of early
rehabilitation focus on traumatic and non-traumatic brain injury. In basic science models,
early rehabilitation has been shown to reduce neural degeneration and be associated with
better recovery from traumatic brain injury.45 Earlier rehabilitation is consistently associated
with higher functional outcomes in retrospective studies of stroke rehabilitation.46-48 But
evidence supporting its benefit on improved functioning and mortality is equivocal. Based
on systematic review, which identified only a single trial, fewer patients died and/or were
disabled after earlier post stroke mobilization but the effect was not statistically significant.
49 Early rehabilitation does appear associated with reduced costs with post stroke and
lumbar spine surgery.50, 51 We could not find any studies that addressed the influence of
early rehabilitation on post amputation outcomes.

Our findings suggest that any apparent benefit of early over late rehabilitation among
amputees relates more to differences in severity of patients at presentation than to the effects
of rehabilitation timing. Those patients whose rehabilitation was delayed until the late period
were more likely to be living in extended care facilities prior to hospitalization and have
greater illness burden (particularly heart and renal disease) peri-operatively, but tended to
have less severe physical disabilities at rehabilitation admission. Moreover, a number of
veterans who presented to the late pattern had re-amputations or revisions suggesting
ongoing ischemia and healing problems.
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The decision for early versus late rehabilitation appears to be appropriately driven by patient
circumstances and clinical differences. Timing should be driven more by the amputees'
clinical readiness for these services and ongoing needs than by expectations for higher
outcome. Yet, a large proportion of elderly persons die within a year of their amputations.23

Consequently, early rehabilitation should be provided when feasible to help maximize
function quickly. Moreover, it is important to recognize that although the effects of early
rehabilitation on motor FIM™ gains was at best modest in this study, it is possible that early
rehabilitation may prove beneficial in other care patterns or for other types of outcomes.

Clinical and Policy Applicability and Impact
The TPT framework offers a means to compare outcome expectations associated with
alternative patterns of rehabilitation care resulting naturally from differences in provider
practice style or geographic variability. As health care systems evolve, the TPT framework
can help PM&R professionals, researchers, and policy analysts conceptualize how
rehabilitation services fit within the larger continuum of services and contribute to outcomes
along with other types of services. Verville and Thomas recently suggested that the
Academy of PM&R serves a leadership role in quality of care research addressing function.
52 Our findings confirm the central importance of initial function to the forecasting of
functional gains but also highlight the need to simultaneously include information from
many clinical domains when estimating prognosis. Simulations through the statistical model
developed here can be applied to compare expectations for motor FIM™ gain for groups of
individuals according to clinical severity at admission to rehabilitation.

Moreover, explicit expectations for motor FIM™ gain according to patients' clinical
presentations and the types of rehabilitation services to be provided can empower patients,
PM&R practitioners, and policy makers. Such knowledge can empirically guide
rehabilitation treatment and evidence-based practices. PM&R professionals might apply
outcome predictions in quality monitoring or to help make rational decisions about the value
of alternative services relative to the outcomes achieved. Similarly, policy makers might
apply actual versus predicted gains when monitoring the influence of policy changes on
costs and population outcomes. Reductions in IRF care in response to ongoing changes in
Medicare policy are already occurring in the private sector. Functional gains have decreased,
rates of long-term care discharge have increased, and 180 day post-rehabilitation mortality
has increased among people receiving rehabilitation for a variety of conditions.53-55

The case type examples presented in results show how statistical models like the one
presented might be applied to quantify prognosis applying 3 distinct symptom
constellations. Predicted gains show that expectations for motor FIM™ gain differ strikingly
and in ways that are clinically plausible according to patient complexity and the types of
rehabilitation services provided. The expectations for recovery of physical functioning were
lower for all 3 case types assuming the receipt of consultation rather than specialized
services. With regard to clinical complexity, the first case type illustrates how severe illness,
severe disability, and older age in combination harbor a relatively poor prognosis for
recovery of physical functioning. Case type 2 shows how amputees with mild physical
disabilities can be expected to make relatively fewer gains in physical function because of
the measurement ceiling of the motor FIM™ instrument. Case type 3, identical to case type
2 except for a much lower initial motor FIM™, demonstrates the degree to which amputees
with severe physical disabilities at rehabilitation admission but no other negative prognostic
factors have the potential to make relatively high gains.

Stineman et al. Page 11

PM R. Author manuscript; available in PMC 2010 August 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Strengths, Limitations, and Future Research
The strength of this study rests in its large sample, the multi-centered nature of data, richness
of available clinical information, the capacity to define distinct types of rehabilitation
services, and the feasibility of addressing linkages between rehabilitation and acute medical-
surgical management. This study is also limited in several ways. Analyses were based on FY
2003 and FY 2004 patient outcomes. Service use patterns and outcomes may differ today
and findings might not generalize to women and non-veterans. Concepts about the clinical
determinants of prognosis for motor FIM™ gain according to different levels of
rehabilitation can inform VHA and private sector clinicians. It is essential to recognize that
the statistical models should not be expected to forecast outcomes for amputees in the
private sector without recalibration. Also, only a small number of people received the late
specialized pattern. Finally, without randomization or reduction of selection bias, it is
impossible to claim that the incremental improvements in functional gain can be attributed
to specialized rehabilitation services. This study was directed to the analysis of outcome
prognosis and is not intended to assume causality. There is; however, growing evidence that
more intensive versus less intensive inpatient rehabilitation services for amputees are
associated with better outcomes across multiple dimensions.6, 12, 56, 57

Further research is needed to address the prognostic implications of additional rehabilitation
care patterns. Only a small proportion of patients after amputation in the private sector or
VHA ever receive high intensity rehabilitation on a SRU or IRF.36, 58 Also, we only studied
care patterns from two types and two timings. The patterns selected for study were those
limited to single episodes of inpatient rehabilitation. Just over one third of the amputee
population treated within the VHA received one of these patterns. Significant proportions of
patients have either no evidence of or multiple episodes of inpatient rehabilitation (29.0%
and 27.9%, respectively). Future work will need to focus on the determinants of multiple
episodes and expectations for motor FIM™ gain. It will further be essential to drill down to
the smaller elements that define the processes of rehabilitation.59, 60

Conclusion
The Federal Coordinating Council for Comparative Effectiveness Research specifically
identified people with disabilities as a priority population.61 Rehabilitation was cited as
essential to helping people with disabilities live in their communities with added years of
high quality of life. Inpatient rehabilitation is particularly important to these objectives
because services are explicitly targeted to enhancing function so that people who are at risk
for long-term care placement can transition from the hospital back to the community.

Our findings, combined with results from others, show that facility-level structural
characteristics,8 patient-level characteristics,10, 37-39 and the rehabilitation care pattern
received determine the services received and the magnitude of functional gains achieved.
Evidence that this complex combination of determinants appears to drive resource use and
outcomes supports the TPT framework (Figure 1). We evaluated expectations for motor
FIM™ gain according to inpatient care patterns differing by service timing and type, all
beginning in the same place (i.e., an inpatient hospital). In contrast, Dillingham et al.
recently compared expectations across care patterns among amputees receiving
rehabilitation in 3 different places.56 Their findings of outcome differences according to
place combined with ours according to type emphasize the importance of estimating
prognoses according to the pattern of care received. We hope that the TPT framework will
facilitate the design of comparative effectiveness studies in PM&R, ultimately guiding
delivery of the right type of rehabilitation services, to the right patient, at the right time, in
the most effective setting. We further hope the framework will encourage a vision of
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rehabilitation as occurring within the larger care continuum contributing to patient outcomes
along with medical and surgical services.
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Figure 1. The Timing, Place, and Type (TPT) Framework
The outcomes of each service form the patient-level characteristics for the next service.

Stineman et al. Page 17

PM R. Author manuscript; available in PMC 2010 August 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Inpatient Rehabilitation Care Patterns Classified According to the TPT Framework
(Initial n=4,357)
Early = rehabilitation occurring after surgery but on or before discharge from the index
surgical stay; Late = rehabilitation occurring after readmission following discharge from the
index surgical stay; Early + late = rehabilitation occurring both early and late; Pre-op =
patients seen prior to surgery; No evidence = indicates no record of any form of inpatient
rehabilitation. SRU = Specialized rehabilitation unit, Consultative = Consultative
rehabilitation. Bolded patterns indicate those compared in this study. Of the 96 missing data
(= 80 + 16), 58 were missing because of death. Type is specified only for the early and late
timing patterns studied.
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Table 3
Final Model for Predicting Motor FIM™ Gains on the Basis of Patient-level Factors
Known at Admission to Rehabilitation

Predictors Estimated parameter Standard error P-value

Intercept 19.9 3.1 <0.001

Rehabilitation service (ref: consultative)

 Specialized 8.0 0.97 <0.0001

Demographics

 Age -0.2 0.03 <0.0001

Amputation level (ref: unilateral trans-tibial)

 Unilateral trans-femoral -1.7 0.7

0.05 Bilateral trans-tibial 0.08 2.0

 Bilateral trans-femoral -2.7 1.4

Contributing etiologies

 Local significant infection -2.4 0.8 <0.01

Comorbidities

 Arrhythmias -2.5 0.9 <0.01

 Fluid and electrolyte disorders -1.7 0.8 0.04

 Hypertension 1.7 0.7 0.01

 Hypothyroidism -3.6 1.7 0.04

 Paralysis -4.3 1.6 0.01

 Psychoses -3.6 1.3 0.01

Procedures

 Ongoing active cardiac pathology -2.3 1.0 0.03

 Serious nutritional compromise -3.7 1.7 0.03

Functional status

 Initial motor FIM™ score 0.5 0.1 <0.0001

 Initial motor FIM™ score squared -0.008 0.001 <0.0001

 Initial cognitive FIM™ score 0.2 0.05 <0.0001

PM R. Author manuscript; available in PMC 2010 August 9.


