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Functional Outcomes of Acute Inpatient Rehabilitation in Patients
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Abstract
Background: Growing numbers of allogeneic stem cell transplants and improved posttransplant care have led to an increase of
individuals with chronic graft-versus-host disease (cGVHD). Although cGVHD leads to functional impairment for many, there is
limited literature regarding the benefits of acute inpatient rehabilitation for patients with cGVHD.
Objective: To assess Functional Independence Measure (FIM) outcomes of patients with cGVHD during acute inpatient rehabili-
tation and to compare inpatient rehabilitation outcomes with patients with burn injuries, a rehabilitation patient population with
similar comorbidities.
Design: Retrospective chart review.
Setting: Acute rehabilitation center at a large academic medical center.
Patients (or Participants): A total of 37 adult patients with cGVHD and 30 with burn injuries admitted to inpatient rehabilitation
from 2010 to 2015.
Methods or Interventions: Linear regression analysis to evaluate group (cGVHD versus burn) differences in functional gains. Effect
size and minimal detectable change at the 90% confidence level (MDC90) were used to evaluate change in FIM outcomes.
Main Outcome Measurements: Total FIM gain, motor FIM gain, and FIM efficiency.
Results: Patients with cGVHD had statistically significant lower functional gains than patients with burn injuries, with an average
of 11.66 fewer total FIM points (P � .001), 10.54 fewer motor FIM points (P ¼ .01), and 2.45 units less of FIM efficiency (P ¼ .01). At
the time of discharge, 7 (18%) patients with cGVHD exceeded the MDC90 values for total FIM gain versus 9 (30%) patients with burn
injuries (P ¼ .26). Eight (21%) patients with cGVHD exceeded the MDC90 for motor FIM gain versus 13 (43%) patients with burn
injuries (P ¼ .048). Effect sizes for patients with cGVHD and with burn injury were moderate to large, respectively, with patients
with burn injuries having nearly twice the magnitude of gains as patients with cGVHD.
Conclusions: Despite achieving more modest functional gains than patients with burn injuries, patients with cGVHD improved in
function after acute inpatient rehabilitation. If replicated in larger studies, patients with functional impairment from cGVHD can
be considered for inpatient rehabilitation. Future work should also determine minimal clinically important differences in function
gain from inpatient rehabilitation for patients with cGVHD.
Level of Evidence: II
Introduction

Graft-versus-host disease (GVHD) is a common and
potentially debilitating complication in patients who
undergo allogeneic hematopoietic stem cell trans-
plantation (HSCT) [1,2]. Used to treat hematologic
malignancies and some autoimmune conditions, an
allogeneic HSCT is when a host receives cells to recon-
stitute their immune system from a genetically similar
donor. Despite attempts to match human leukocyte
antigens between donor and host, the transferred
immune cells may recognize the host’s body as a foreign
1934-1482/$ - see front matter ª 2018 by the American Academy of Physi
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entity, thus creating the inflammatory GVHD process
wherein the newly donated cells attack highly mitotic
areas of the host. GVHD can be further classified as
acute or chronic (ie, cGVHD), of which both are histo-
logically distinct entities. Acute GVHD typically occurs
within the first 100 days after a HSCT and mainly affects
only the skin and gastrointestinal system. Conversely,
symptoms of cGVHD are more pervasive and often more
severe, potentially impacting multiple organ systems and
causing profound functional impairment secondary to
effects of the disease, including joint contracture,
weakness, pain, and decreased cardiopulmonary function
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(Table 1). When cGVHD impacts fascial planes, fibrosis
can occur, resulting in limiting range of motion, cramps,
and pain. Unlike cGVHD, acute GVHD can be self-limiting
and not necessarily progress to the chronic form.
Furthermore, the treatment of cGVHD typically involves
high-dose glucocorticoids as a first-line measure to reduce
inflammation of the newly engrafted immune system.
This treatment has the potential to cause steroid myop-
athy, decreased bone density, avascular necrosis, and
raises the risk of infection, all of which have the potential
to impair physical function [3].

The incidence of cGVHD is approximately 50% in pa-
tients undergoing allogeneic HSCTwith an average onset
of 7.4 months [4], and the number of patients with
cGVHD continues to grow as the number of allogeneic
HSCTs performed worldwide increases by 10%-20%
annually [5,6]. Furthermore, as posttransplant care,
including antirejection measures have improved, the
number of older patients with chronic pretransplant
comorbidities who undergo HSCT is increasing, and this
frailer population is developing cGVHD. This un-
derscores the need for effective rehabilitation in-
terventions to reduce the impact on health and quality
of life of persons undergoing HSCT, including multidis-
ciplinary inpatient rehabilitation [6,7]. The exact
benefit of comprehensive inpatient rehabilitation,
however, is unclear in this population, and no studies
have been published examining the outcomes of adult
patients with cGVHD receiving inpatient rehabilitation.

Comparing functional gains in inpatient rehabilitation
of patients with cGVHD with a patient population who
have similar impairments and pathophysiology that
impact function, and for whom there is evidence of
benefit from inpatient rehabilitation, can provide a
frame of reference for exploring the degree of benefit
from inpatient rehabilitation for patients with cGVHD.
Among typical inpatient rehabilitation patients who may
have similar symptoms impacting function are those
who have sustained burn injuries. Like patients with
cGVHD, patients with burn injuries also may develop
skin fibrosis and joint contracture, are in a catabolic
state causing muscle weakness through protein
Table 1
Common rehabilitation issues in patients with cGVHD and with burn injuri

Organ System Common ProblemsdcGVHD

Skin/fascia Sclerodermatous contractures, skin breakd
Muscle Steroid-induced myopathy, myositis
Bone/joint Osteoporosis (risk of fractures), avascular
Gastrointestinal system Malabsorptive diarrhea
Peripheral nervous system Peripheral neuropathy, mononeuropathy f

thickening causing compression
Cardiopulmonary Physical deconditioning, fatigue, obstruct

disease, left ventricular hypertrophy fro
immunosuppressants

Ocular Xerophthalmia
Oral Xerostomia, esophageal strictures, thrush

cGVHD ¼ chronic graft-versus-host disease.
breakdown, have decreased cardiopulmonary perfor-
mance, have impaired function, and are at risk for
medical complications such as infection.

Emerging literature on the benefits of inpatient
rehabilitation suggests that patients with burn injuries
make functional gains [8] and benefit from earlier
initiation of rehabilitation [9] and mobility training in
acute care [10]. There is also some evidence that
comorbidities and complications associated with burn
injuries do not significantly mitigate functional gains
during inpatient rehabilitation [11]. Other work suggests
that patients with burn injuries feel that rehabilitation
interventions have a long-term, positive impact on
physical and psychosocial outcomes [12].

Although burn injuries are an acute, traumatic event
and cGVHD is a chronic process, the rehabilitation ap-
proaches are similar and involve progressive mobility,
aggressive range of motion, skin care, and family
training. In this study, we examined whether change in
function by discharge was comparable between patients
with cGVHD and burn injuries and examined indices of
clinical change to explore treatment effectiveness for
these groups of patients.

Methods

A retrospective chart review of adult patients
admitted to the University of Michigan acute inpatient
rehabilitation unit directly from an acute medical ser-
vice with a diagnosis of cGVHD or burn injury between
2010 and 2015 was performed. This study was approved
by the University of Michigan Medical School institu-
tional review board. Data collected included basic
demographics (gender, age), length of stay during
inpatient rehabilitation, and Functional Independence
Measures (FIM) scores. The FIM scale is composed of the
motor domain containing 13 items and cognitive domain
containing 5 items with combined total scores ranging
from 18 to 126. The FIM scale has been shown to have
favorable psychometric properties across many impair-
ment categories [13]. We included the length of stay
and number of physical therapy (PT) and occupational
es

Common ProblemsdBurn

own, rash Contractures, skin breakdown, rash
Weakness through increased catabolism

necrosis Heterotopic ossification
Ileus

rom fascial Peripheral neuropathy, mononeuropathy from fascial
thickening causing compression

ive lung
m

Physical deconditioning, fatigue, restrictive lung
disease

Thermal injury
Thermal injury



569J. Leung et al. / PM R 10 (2018) 567-572
therapy sessions during acute medical care stay before
acute rehabilitation admission to control for their ef-
fects. The nature of acute medical care varies for these
2 patient groups, with patients with burn injuries having
far longer acute care stays and consequently receiving
more therapy sessions.
Statistical Analysis
Table 2
Patient characteristics

Characteristic cGVHD (n ¼ 37) Burn (n ¼ 30)

Age 56.25 (13.4), 21-77 43.03 (16.6), 17-76
Gender, male (n, %) 20 (54.1) 23 (76.7)
Length of stay in
inpatient
rehabilitation, d

13.68 (11.8) 14.57 (11.6)

Length of stay in
acute medical care, d

33.17 (29.2), 4-115 55.73 (49.0), 10-227

Admit total FIM 67.19 (18.3), 20-96 67.27 (18.2), 22-98
Discharge total FIM 80.73 (23.1), 23-111 92.03 (20.2), 27-113
Admit motor FIM 40.35 (13.6), 14-66 39.4 (13.3), 13-69
Discharge motor FIM 52.46 (17.9), 16-76 61.67 (15.7), 20-79
FIM efficiency 1.22 (1.1), 0-5 2.71 (2.0), 0-8
Count PT sessions in
acute care

10.08 (10.8), 0-34 40.93 (20.4), 8-84

Count OT sessions in
acute care

7.16 (9.7), 0-50 42.03 (21.7), 12-90

Values are reported as mean, standard deviation, and range unless
otherwise noted.
cGVHD ¼ chronic graft-versus-host disease; FIM ¼ Functional Inde-

pendence Measure; PT ¼ physical therapy; OT ¼ occupational therapy.
Descriptive terms were used to describe demographic
characteristics and FIM admission and discharge scores by
group (cGVHD versus burn). We used linear regression to
examine whether there were significant differences in
functional gains during inpatient rehabilitation (total FIM
gain, motor FIM gain, and FIM efficiency) by group, con-
trolling for other relevant factors, such as personal
characteristics and health care services received before
inpatient rehabilitation. For FIM efficiency, we tested a
model of age, length of stay in acute care, and count of
physical therapy and occupational therapy sessions during
acute care and cGVHD patients compared to burn pa-
tients. For total FIM gain and motor FIM gain, we added
length of stay in inpatient rehabilitation and admission
total and motor FIM (respectively) to the model. As-
sumptions of linearity, independence of residuals, ho-
moscedasticity, multicollinearity, outliers, and normality
were checked for each regression analysis. In evaluating
outliers, we examined cases with standardized residual
>3.0, leverage values >.20, and/or Cook’s distance >1.
For FIM efficiency, the assumption of multicollinearity
was violated with a tolerance value of .092 for the count
of PT sessions, which was highly correlated with the count
of occupational therapy sessions (r¼ .942). Therefore, PT
sessions were dropped from the regression model for all 3
functional outcomes. In addition, 2 cases (patients with
burn injuries) were identified as possible outliers for FIM
efficiency. We elected to retain these cases, as regression
results did not substantially change when they were
excluded. Assumptions for total FIM and motor FIM gain
were all met and no outliers identified.

Because we also were interested in how much pa-
tients in each group would benefit from inpatient
rehabilitation, we used effect size to quantify the
magnitude of change during inpatient rehabilitation. We
calculated within-group (cGVHD and burn) effect size as
admission to discharge difference divided by the pooled
standard deviation, a more conservative estimate of
effect size. To determine the minimum amount of
change in total and motor FIM scores that exceeded
measurement error or the smallest change that is due to
“true” change and not variation in measurement [14],
we calculated the minimal detectable change at the 90%
confidence level (MDC90). We used the c2 test of ho-
mogeneity to test group differences in the percentage
of patients whose total and motor FIM gain scores
exceeded the MDC90. All analyses were conducted in
SPSS, version 23 (IBM Corp, Armonk, NY).
Results
Patient Characteristics
Of 72 patients, 67 patients were included in this
analysis, 37 with cGVHD and 30 with burn injuries. Pa-
tients transferred off of service due to complications
before being able to fully assess FIM scores were not
included in the analysis. There were 5 patients with
cGVHD who were excluded because of transfer before
discharge due to complications (ie, fluid overload,
gastrointestinal bleeding, severe upper gastrointestinal
symptoms, and altered mental status). No patients with
burn injuries were unexpectedly transferred (Table 2).
Functional Gains in Inpatient Rehabilitation
For all FIM outcomes, group (cGVHD versus burn) was
statically significant such that patients with cGVHD
made fewer gains in FIM efficiency, total FIM, and motor
FIM compared with patients with burn injuries. On
average, patients with cGVHD had 2.47 units lower FIM
efficiency, 11.66 fewer total FIM gain points, and 10.54
fewer motor FIM gain points; see Table 3.
Magnitude of Change and Minimal Detectable
Change During Inpatient Rehabilitation
Effect sizes for cGVHD and patients with burn injuries
were moderate and large, respectively, with the patients
with burn injury having nearly twice the magnitude of
functional gain as the patients with cGVHD [15]. The
MDC90 values for total and motor FIM scores were slightly
greater for patients with burns (8.5 points for total FIM



Table 3
Regression analyses for FIM efficiency, FIM total gain, and FIM motor
gain

Coeff. P Value 95CI LB 95CI UB

FIM efficiency*
Group (cGVHD vs burn) e2.48 <.001 e3.64 e1.31

FIM total score†

Group (cGVHD vs burn) e11.67 .01 e20.86 e2.47
Motor FIM score†

Group (cGVHD vs burn) e10.55 .01 e18.73 e2.37

FIM ¼ Functional Independence Measure; Coeff ¼ coefficient; 95CI LB
¼ lower bound of the 95% confidence level; 95CI UB ¼ upper bound of
the 95% confidence level; cGVHD ¼ chronic graft-versus-host disease;
OT ¼ occupational therapy.
* Adjusted for age, length of stay (days) in acute care, and count of

OT sessions in acute care.
† Adjusted for age, length of stay (days) in acute care, admit total

FIM, and count of OT sessions in acute care; length of stay (days) on
inpatient rehabilitation was statistically significant for FIM Total score
(coeff. ¼ 0.49, P <.001) and Motor FIM score (coeff. ¼ 0.42, P < .001).
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and 4.5 points for motor FIM). At the time of discharge, 7
(18.9%) patients with cGVHD exceeded the MDC90 values
for total FIM gain compared with 8 (26.7%) patients with
burn injuries, which was not statistically significant (c2 ¼
1.24, P ¼ .26). Eight (21.6%) patients with cGVHD
exceeded the MDC90 for motor FIM gain compared with 13
(43.3%) patients with burn injuries, which was statistically
significant (c2 ¼ 3.89, P ¼ .048; see Table 4).
Discussion

Patients with cGVHD in this study did not make as
much functional gain as those with burn injuries. When
we accounted for therapy services provided while pa-
tients received medical care before entering rehabili-
tation, the effect sizes of motor and total FIM gain for
these patients with cGVHD suggest that, on average,
they do benefit from inpatient rehabilitation to improve
function. Although patients with cGVHD have similar
comorbidities to those with burn injuries, such as skin
contractures and cardiopulmonary limitations [3],
cGVHD is a chronic, progressive illness that, along with
Table 4
Admission and discharge scores, ICC, SEM, effect size, and MDC90 for tota

Admission Mean (SD) Discharge Mean (SD)

Total FIM
cGVHD 67.19 (18.3) 80.72 (23.1)
Burn 67.27 (18.2) 92.03 (20.2)

Motor FIM
cGVHD 40.35 (13.6) 52.45 (17.9)
Burn 39.40 (13.3) 61.67 (15.7)

ICC ¼ intraclass correlation; SEM ¼ standard error of the mean; MDC90 ¼m
Independence Measure; cGVHD ¼ chronic graft-versus host disease; SD ¼
* Standardized effect size; calculated as discharge e admission score /
† Calculated as 1.65*SEM*

ffiffiffi

2
p

.
‡ P � .001.
glucocorticoid treatment and medical complications
such as infection, can compromise function over a
longer period of time.

In contrast, burn injuries typically occur in
otherwise-healthy individuals and is not a progressive
process. This may account, in part, for the greater gains
made by patients with burn injuries during inpatient
rehabilitation, even when, on average, both groups of
patients had similar levels of function at the time of
admission. Moreover, patients with more severe cGVHD
may have less functional gain with acute inpatient
rehabilitation than those with mild disease, which we
did not evaluate in this study; future studies should
evaluate the severity of disease vis-à-vis inpatient
rehabilitation gains. Of course, patients requiring acute
inpatient rehabilitation have significant functional
impairment necessitating hospitalization, so patients
with more mild disease may not require intensive
medical rehabilitation. Given that the benefits of
inpatient rehabilitation in patients who have sustained
major burn injuries is well-documented, it is encour-
aging that in this preliminary investigation, patients
with cGVHD made gains, albeit to a lesser degree, when
beginning at a similar level of function as patients with
burn injuries. If similar gains in patients with cGVHD are
replicated in larger studies, providers can consider this
population as one that benefits from inpatient
rehabilitation.

Although our preliminary data suggest that patients
with cGVHD do benefit from inpatient rehabilitation,
more work is needed to determine thresholds of mini-
mal clinically important differences (MCIDs). In this
study, we only examined whether gains exceeded
measurement error, not the degree to which changes
exceeded a meaningful threshold. This is an important
area for development, given the expected growth of
patients who have undergone HSCT, many of whom will
go on to develop cGVHD. Distribution-based and anchor-
based methods to determine MCIDs [16] and external
responsiveness indices [15] for the FIM in patients with
cGVHD and other measures of function during inpatient
rehabilitation are a critical step to evaluate the
l and motor FIM gain by cGVHD and burn injury groups

ICC (95% CI) Effect Size* (95% CI) MDC90†

0.69 (0.02, 0.89)‡ 0.60 (0.41, 0.79)‡ 23.34
0.43 (e0.08, 0.78)‡ 1.627 (.951.07, 1.592.24)‡ 31.84

0.59 (e0.01, 0.83)‡ 0.71 (0.47, 0.96)‡ 20.30
0.36 (e0.07, 0.72)‡ 1.4936 (1.13.78, 1.869)‡ 24.86

inimal detectable change at the 90% confidence level; FIM ¼ Functional
standard deviation; CI ¼ confidence interval.
pooled SD.
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effectiveness of rehabilitation interventions for these
patients.

Finally, despite the potentially profound functional
impairment associated with cGVHD, this diagnosis is not
currently included in the Centers for Medicare and
Medicaid Service (CMS) guidelines mandating that 60% of
all patients on an acute inpatient rehabilitation unit
have 1 of 13 specific diagnoses that necessitate acute
inpatient rehabilitation [17]. Because patients with
cGVHD do not qualify in the CMS rule, it is possible that
these patients are being undertreated and receiving
their rehabilitation care in suboptimal or less-intensive
rehabilitation facilities. Because our data suggest that
patients with cGVHD do show improvement in function
with acute inpatient rehabilitation, and if these results
are replicated in larger studies, these patients should be
also prioritized as one of the standard CMS acute inpa-
tient rehabilitation diagnoses.

Although our preliminary results are promising,
there are several limitations to this study that should
be taken into account. The sample size is small and is
not representative of either population, as data were
drawn from a single tertiary care academic hospital. An
inherent limitation in the change indices we used is
that changes in the measure (FIM) may not necessarily
correspond to changes in an external clinical or health
status measure at the individual patient level. Rather,
they examine the extent of change over 2 occasions
(admission and discharge) and may not reflect mean-
ingful change in the condition of the patient [15].
Future work to develop MCIDs for the FIM and other
measures of function is an important area for
development.
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CME Question
Which of the following features is common to chronic graft versus

a. Joint contractures.
b. Heterotopic ossification.
c. Small bowel obstruction.
d. Restrictive lung disease.

Answer online at me.aapmr.org
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host disease (cGVHD)?
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