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Abstract—Within t he Veterans Heal th Administration (VHA) , 
the top t ier of postacute rehabilitation care is provided in acute 
rehabilitation bedservice units (ARBUs). The next level of care is 
provided in subacute rehabilitation bedservice units (SRBUs). We 
fitted reduced-form and structural models to explain VHA cost 
differences between ARBUs and SRBUs across time and for the 
individual cost comp onents. W e included sociod emographic 
variables, time since stroke onset, care facility, and the Functional 
Independence M easure a t admissi on as explanatory variab les. 
The multivariable results indicate that to tal index stay costs are 
lower in ARBUs by almost $6,000 (or approximately 25%) com-
pared with SRBUs. Moreover , the lower costs observed in 
ARBUs in this study combined with the higher rates of guideline 
compliance and improved outcomes in ARBUs found in previ-
ous work suggest that stroke rehabilitation in an ARBU may be 
more cost-effective than stroke rehabilitation in an SRBU.

Key words: acute units/subacute units, cost, functional status, 
guidelines, lengths of stay, outcomes, planning, rehabilitation, 
stroke, VHA.

INTRODUCTION

Stroke is the second most frequent cause of death and 
the leading  cause of long-term  disability in the United 
States [1–2]. More than 700,000 Americans experience a 
new or recurrent stroke each year , with estimated direct 

and indirect costs exceeding $59 billion [3].  Within the 
Veterans Health Admin istration (VHA), 5,00 0 to 6,000 
inpatient stroke discharges occur annually , with an nual 
direct inpatient and outpatient costs  of more than 
$300 million [4]. While the costs of acute stroke care  
have been studied previously [5], the costs of stroke reha-
bilitation have received considerably less attention [6–7]. 
In particular, little is kno wn about how stroke rehabilita-
tion costs vary acros s dif ferent rehabilitation settings, 
especially within the VHA. Th is lack  of knowledge is 
surprising given the dramatic shifts over the past 10 to 
15 years in the structure of VHA stroke rehabilitation, 
as explained in the following section. This article begins 
to fill this gap in  our knowledge by comparing the costs 
of stroke rehabilitation in acute rehabilitation units to th e 
costs of stroke rehabilitation in subacu te rehabilitation  
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units. In so doing, we uncover surprising results that have 
significant implications for recent structural changes in 
VHA rehabilitation.

BACKGROUND

Multiple treatment settings exist for p ostacute stroke 
rehabilitation care within the VHA. The top tier of post-
acute rehabilitation care is provided in acute rehabilitation 
bedservice un its (ARBUs). Th ere are c urrently 31 such 
units in the VHA nationwide. The next level of care is pro-
vided in subacute rehabilitation bedservice units (SRBUs), 
with currently 24 such units nationwide. ARBUs and
SRBUs share similar characteristics: they both have dedi-
cated beds and staf f and provide i nterdisciplinary c are 
under a team approach. ARBUs tend to be housed in acute 
medical facilities (hospitals ), whil e SRBUs t end to be 
housed in long-term care settings (intermediate care bed- 
services or nursing homes).

Beginning in 1995, the VHA undertook a major restruc-
turing of its healthcare serv ices under its new “Prescription 
for Change” initiative [8]. Thi s in itiative was designed t o 
modernize the VHA healthc are system by (1) adopting 
managed care principles  that emphas ized the hea lth of a 
well-defined enrolled population and (2) increasing the 
VHA’s reliance on nonhospital services in place of the 
VHA’s traditional emphasis on inpatient care. Over the next 
decade, the struc ture of VHA re habilitation s ervices 
changed dramatically: from 1995 to 200 3, the number of 
ARBUs decreased from 59 to 31 (a 47% reduction), while 
the number of SRBUs increased from 0 to 24.

Despite this substantial st ructural change, only lim-
ited rese arch has  examined whether dif ferences in the  
processes of care a nd outcome s exis t betw een ARBUs  
and SRBU s [9].* This limited research suggests tha t 
guideline compliance (se e more information bel ow) and 
possibly outcomes (as measured by functional status) are 
slightly h igher i n ARBUs th an SRBUs. However , no 
study to date has compared the costs of c are in ARBUs  
and SRBUs . Such informatio n on costs is e ssential to 

begin to dra w conclusions about the  comparative cost-
effectiveness of rehabilitation in ARBUs versus SRBUs.

Guideline compliance is impo rtant to as sess, as  was 
done by  Duncan et al. [1 0] and described in detail by 
LaClair et al. [1 1]. Briefly, processes of ca re dimensions 
were created to evaluate bo th acute and  postacute strok e 
care received by patients at 11 Departmen t of Veterans 
Affairs (VA) hos pital sit es. E ight disti nct dime nsions of 
care processes emerged for acute stroke care, while post-
acute stroke c are yi elded el even dimensions of  care pro -
cesses [1 0–11]. Chart reviews were co nducted, and  the 
committee members who devel oped the original guide -
lines validated the dimensio n criteria. The committee cre-
ated a weighting algorithm [10] that allowed calculation of 
compliance scores ranging from 0 to 100, which we use in 
this work.

STUDY OBJECTIVES

We so ught to  answer several qu estions co ncerning 
stroke costs in ARBUs compared with SRBUs:
1. What are the short-term and long-term VHA total costs 

of care associated with rehabilitation in ARBUs com-
pared with SRBU s? Do VHA trea tment costs (index 
rehabilitation stay ; short-term, long-term, and total 
costs) dif fer across rehabili tation unit types (ARBUs 
vs SRBUs) after controlling for those patient charac-
teristics that likely influence treatment costs?

2. How do stroke guideline compliance rates and patient 
length of stay mediate the observed relati onship 
between rehabilitation unit type and VHA treatment 
costs in item 1 above?  What are  the structural ef fects 
(both direct and indirect) that influence cost differ-
ences associated with re habilitation in ARBUs com-
pared with SRBUs?

3. Which components of VHA  treatment costs (nursing, 
surgery, laboratory, radiology, pharmacy, and all other 
costs) are most responsibl e for the observed dif fer-
ences in treatment costs between ARBUs and SRBUs?

METHODS

Study Design and Data Sources
We examined costs, length of s tay, and guideline com-

pliance as endogenous (or dependent) variables in this study. 
We also included numerous exogenous (or independent) 

*Reker DM, Duncan PW. The process and outcomes of stroke care in 
the VHA. Department of Veterans Affairs, Veterans Health Adminis-
tration, Rehabilitation Re search and Deve lopment Se rvice, gra nt 
O3131R; 2006.
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variables that might influe nce costs, le ngth of stay , an d 
guideline compliance, including age (in years), marital sta-
tus (married/not married), race (white/nonwhite), impair-
ment code (left-body involvement, right-body involvement, 
bilateral movement, no paresis, or other stroke), day s from 
stroke onset to rehabilitation admission (including any days 
comprising an acute st roke i npatient stay), faci lity (the 
admitting VA medical center), and admission motor 
and cognitive Functional Independence Measure (F IM) 
scores [12] to  control for the patient’s functional status at 
admission.

Data for this study i ncluded patient clinical and 
demographic data from an evaluation of telephone versus 
in-person adminis tration of the S troke Impac t Sc ale, a 
widely tested and validated instrument designed to mea-
sure the health status of patients after a stroke [10].* This 
evaluation assembled a retrospective cohort of 483 post-
acute stroke patients treated in 27 ARBUs and SRBUs at 
23 participating VA medical centers in fiscal years (FYs) 
2002 and  20 03. Patients were  identified with use of 
national VHA administrative data taken from the Func-
tional Status Outcomes  Database, the  VHA’s adaptation 
of the Uniform Data System  for Medical Rehabilitation 
[13]. Stroke diagnosis w as confirmed by review of elec-
tronic medical re cords. No restrictions we re placed on 
patient inclusion in the study samples regarding sex, race, 
age, or socioeconomic status.

We merged these clinical and demographic data with 
patient-specific i npatient and  ou tpatient cost d ata from 
the VHA Decision Support System National Data Extract 
(DSS NDE) fo r FY 2002 to  20 05 [14 –15]. We d ivided 
patient-specific cos ts into four time pe riods covering 
(1) the index rehabilitation stay, (2) short-term costs (index 
rehabilitation stay and 0–3 mo nths poststroke), (3) long-
term costs (3–24 months poststroke), and (4) total 2-year 
poststroke costs of care.

Our analys es e xamined tota l costs as  opposed to 
rehabilitation-specific costs for two reasons: (1) isolating 
costs that can be attributed specifically to rehabilitation 
in the Decision Support System is difficult and imprecise 
and (2) capturing any “spill over” effects that rehabilita -
tion services may have had on non-rehabilitation services 

could be important in measuring the full  impact of reha-
bilitation on total VHA resource use.

Data Analysis
We measured the total ef fect of type of rehabilitation 

unit (ARBU vs SRBU) on VHA costs as well as the direct 
and in direct pa thways by  wh ich this total ef fect is 
achieved. To this end, we included the length of the VHA 
index rehabi litation stay and the poststroke rehabilitation 
guideline compliance sco re [11] as d ependent variables 
along with costs (VHA index rehabilitation stay refers to 
the time period from admissi on to discharge in either an 
ARBU or SRBU following the subject stroke). We allowed 
the type of rehabilitation unit (a cute vs subacute) to have 
direct effects on all three dependent variables and allowed 
length of stay and guideline co mpliance in  turn to  have 
direct effects on costs. Recognizing that longer rehabilita -
tion stays may allow time for higher rates of compliance 
with poststroke guidelines, we also included length of stay 
as an explanatory variable for guideline compliance.

This approach yields three indirect pathways whereby 
type of rehabili tation unit can af fect inde x stay costs:
(1) type of unit can influence length of stay, which in turn 
can influence costs; (2) type of unit can influence guideline 
compliance, which in turn can influence costs; and (3) type 
of unit can influence length of stay, which influences guide-
line compliance, which influences costs.

We es timated reduced-form regressio n models o f 
VHA costs for the (1) index rehabilitation stay, (2) short-
term (0–3 months) costs, (3) long-term (3–24 months)  
costs, and (4) total 2-year costs. By reduced form, we 
refer to regression models in which only exogenous vari-
ables are included among the regressors to ensure that the 
total effect (as opposed to only  the direct effect) of ea ch 
regressor is me asured. This require d excluding endoge -
nous variables (such as length of stay and guideline com-
pliance) that  are determined simultaneously with cost s. 
Because the type of rehabilitation unit at  a facility 
(ARBU vs SRBU) is fixed in the short run, type of reha-
bilitation unit was considered exogenous for purposes of 
this study.

We followed the cost est imation strategy outlined by 
Manning and Mu llahy [16 ] for choosing between ordi -
nary least squares (OLS) and generalized least sq uares 
with Poisson, gamma, or in verse Gaussian d istributions. 
This in volved t esting fo r resid ual k urtosis an d ru nning 
Park’s test for determining the fun ctional fo rm of any 
heteroskedasticity [17].

*Reker DM, Duncan PW. The process and outcomes of stroke care in 
the VHA. Department of Veterans Affairs, Veterans Health Adminis-
tration, Rehabilit ation Research and Deve lopment Service, grant 
O3131R; 2006.
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We then estimated the stru ctural models to further 
understand the pathways through which type of rehabili-
tation unit affects VHA costs.  This was done  by estima-
tion of separate equations for length of stay and guideline 
compliance and inclusion of both these variables in the  
cost model. In so doing, we were able to separate the total 
effects of t ype of rehabilita tion unit into direct and indi -
rect effects so as to mea sure the relative magnitudes of 
the pathways by which type of rehabilitation unit influ -
ences VHA costs.

We a lso estimated reduc ed-form regress ions se pa-
rately for the nursing, laboratory, pharmacy, surgical, and 
all other cost components associated with the index reha-
bilitation stay to identify the source(s) of any dif ference 
in overall VHA costs.

RESULTS

Table 1  presents the descriptive statistics for our sam-
ple of patients treated in  ARBUs and patients treated in 
SRBUs. Overall, patients se en in A RBUs a nd pa tients 
seen in SRBUs do  not d iffer markedly on  the measures 
used in this research. Mean lengt h o f stay for ARBU 
patients (21.7 days) were shorter than mean length of stay 
for SRBU patients (28. 6 days). In additi on, mean admis -
sion cognitive and total FIM scores were somewhat 
higher (a high er FIM score translates to better function) 
for patients seen in ARBUs than for patients seen in 
SRBUs (24.21 vs 21.30 cognitiv e, 71.08 vs 65.38 total, 
respectively).

Table 2  pres ents the results  for our reduced-form 
regression models for total index stay costs after control-
ling for ty pe of bed  unit (ARBU vs SRBU), imp airment 
code, onset to admission, ad mission motor and cognitive 
FIM sc ores, and demographic s. Thes e models mea sure 
the tot al effects (di rect plus indirect pathways) of the 
independent variables and, hence, include only indepen-
dent variables (omitting l ength of stay and guideline 
compliance). I n Ta ble 3 , we es timate s tructural models 
that estimate separate  direct and indirec t pathways by 
which bedservice units may influence costs.

The first two columns of Table 2  present the full and 
parsimonious ind ex stay cost mo dels, respectiv ely. The 
parsimonious models retain  only those regressors with
p-values of 0.20 or lower in the full models in an effort to 
estimate coef ficients with greater precision. Table 2
includes only the index stay VHA cost models, because we 

were unable to detect any st atistically significant differ-
ences between ARBUs and S RBUs for short-term,  long-
term, and total 2-year costs. We used OLS estimation in 
place of generalized linear model estimation, as suggested 
by the testing procedures recommended by Manning and 
Mullahy [16]. Also, we fou nd that a squa re root transfor-
mation performed better in te rms of reducing skewness 
and kurtosis than the natural log transformation used in 
most cost models. For this reason, we present in Table 2
both the untransformed and sq uare root-transformed cost 
models for both full and parsimonious specifications.

Table 1.
Descriptive s tatistics for posts troke patients  receiving care  in acute 
rehabilitation bedservice units (ARBUs) versus subacute rehabilitation 
bedservice units (SRBUs) in Department of Veterans Affairs medical 
centers.

Variable
Frequency (%) or Mean ± SD
ARBUs

(n = 315)
SRBUs

(n = 168)
Race: White 187 (60.1) 102 (60.7)
Sex: Male 300 (97.6) 164 (96.5)
Marital Status: Married 159 (53.0) 79 (51.1)
Impairment Code

Left-Body Involvement 133 (42.8) 69 (41.1)
Right-Body Involvement 135 (43.4) 70 (41.7)
Bilateral Movement 16 (5.1) 4 (2.4)
No Paresis 8 (2.6) 5 (3.0)
Other Stroke 19 (6.1) 20 (11.9)

Age (yr) 68.45 ± 11.30 68.85 ± 10.90
Onset to Admit (d) 26.29 ± 103.80 45.71 ± 308.80
Compliance 75.3 ± 9.8 74.0 ± 11.9
Length of Stay (d)* 21.7 ± 15.6 28.6 ± 19.6
FIM Admission Score

Cognitive* 24.21 ± 7.60 21.30 ± 8.40
Motor 46.88 ± 16.30 44.07 ± 19.00
Total* 71.08 ± 21.30 65.38 ± 24.50

Cost ($)
Total Index 22,214 ± 13,818 24,861 ± 17,819
Total Short-Term 16,320 ± 18,431 17,865 ± 21,151
Total Long-Term 38,252 ± 56,329 34,363 ± 53,982
Total 2-year 74,597 ± 63,312 72,152 ± 62,947

Components of Cost ($)
Nursing 10,196 ± 16,409 10,046 ± 10,914
Pharmacy 1,803 ± 3,193 2,269 ± 5,522
Surgical 1,067 ± 3,867 1,709 ± 6,032
Laboratory 699 ± 1,141 724 ± 1,041
All Other 8,510 ± 10,504 8,062 ± 9,492

Note: 2 test for categorical variables; t-test for continuous variables.
*p0.05.
FIM = Functional Independence Measure, SD = standard deviation.
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Table 2  suggests that ARBUs had significantly lower 
index rehabilitation stay VHA costs than SRBUs by a 
magnitude o f approximately $6 ,000, or ro ughly 25  per-
cent of mean index stay VHA costs in SRB Us. This 
result appears in all four regressions presented in Table 2

and is st atistically si gnificant at the 0.05 level i n the 
untransformed models and at the 0.10 level in the square 
root-transformed model. I n addition, higher motor func -
tioning a t admiss ion, as meas ured by higher admission 
motor FIM sc ore, was associated with lower index stay

Table 2.
Regression models for index rehabilitation stay costs.

Variable Full Cost 
(R2 = 0.40)

Parsimonious Cost
(R2 = 0.39)

Full Square Root Cost 
(R2 = 0.41)

Parsimonious Square 
Root Cost (R2 = 0.40)

ARBU –5,979.90* –5,850.79* –14.87† –14.58†

Impairment Code
Left-Body Involvement 765.07 — 2.22 —
Right-Body Involvement 1,866.22 — 7.11 —
Bilateral Movement –2,693.24 — –13.70 —
No Paresis –183.92 — –1.90 —
Other Stroke Reference — Reference —

Onset to Admit –0.27 — 0.004 —
FIM at Admission

Motor –451.23* –475.41* –1.38* –1.49*

Cognitive –75.75 — –0.34
Age –204.07* –191.82* –0.55* –0.49*

Married 41.99 — 1.14 —
White 1,390.77 — 1.83 —
VAMC Site

516 –7,382.23† –6,105.27 –20.97 –17.58
523 2,029.84 1,252.22 9.38 4.99
528 8,397.23† 9,106.78* 25.13† 27.14*

546 –5,887.32 –5,975.21 –17.64 –18.37
549 8,993.35* 9,848.49* 21.45 24.43†

552 –4,486.92 –3,496.23 –18.55 –15.20
553 –6,194.42 –6,406.22 –17.63 –17.28
578 4,128.98 4,223.46 4.59 4.30
583 12,709.93* 13,071.03* 36.97* 37.44*

598 7,304.03* 7,487.36* 17.23 17.55
600 –890.91 –550.78 –4.63 –3.14
605 –6,843.06 –6,053.16 –20.45 –17.45
618 2,855.75 3,695.13 8.75 10.58
630 6,627.13 6,926.72 20.72 21.85
635 –7,677.20† –7,466.79† –30.90* –30.83*

642 –4,266.90 –4,502.05 –25.27 –24.45
648 –2,015.00 –896.68 –4.96 –1.99
671 –1,291.84 –546.89 –17.32 –11.93
672 –790.60 –1,013.02 –9.21 –7.89
673 –2,017.43 –1,110.00 –5.40 –2.52
678 –4,072.49 –3,580.50 –9.24 –7.84
688 2,628.07 2,907.72 –3.40 –0.94
691 Reference — Reference —

*p < 0.05.
†p < 0.10.
ARBU = acute rehabilitation bedservice unit, FIM = Functional Independence Measure, VAMC = Department of Veterans Affairs medical center.
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costs. A 10-point increase in admission motor FIM score 
would correspond to $4,500 to  $4,750 lower index stay 
costs, all other factors constant. Older age was also statis-

tically si gnificant across all four models and  tended  to 
reduce index stay costs. This  somewhat surprising result 
may stem from old er patients receivin g less intensive 

Table 3.
Structural models of regressions for cost, length of stay, and guideline compliance score.

Variable Untransformed Cost 
(R2 = 0.74)

Square Root Cost 
(R2 = 0.69)

Natural Log Length
of Stay (R2 = 0.48)

Guideline Compliance 
Score (R2 = undefined)

ARBU –249.13 –0.18 –0.34* 5.49*

Length of Stay 740.18* 2.06* — 0.18*

Guideline Compliance 
Score

103.26* 0.45* — —

Impairment Code
Left-Body Involvement –608.47 –0.34 0.16 0.34
Right-Body Involvement 354.55 3.98 0.15 1.87
Bilateral Movement –2,132.88 –10.71 –0.05 –2.40
No Paresis –1,437.60 0 0.28† –2.43
Other Stroke Reference Reference Reference Reference

Onset to Admit 2.05 0.01 0 0.004†

FIM at Admission
Motor –140.42* –0.51* –0.02* 0.02
Cognitive –37.29 –0.25 0 0.03

Age –93.11* –0.22† –0.004† –0.08*

Married 804.01 2.91 –0.04 0.13
White 624.75 –0.74 –0.01 0.60
VAMC S ite

516 –8,126.58* –24.18* 0.18 8.32*

523 –126.73 5.66 0.23 –5.12
528 2,305.49 10.33 0.55* –10.59*

546 –8,267.42* –22.43* 0.35* –2.36
549 –15,673.59* –44.72* 1.00* –8.17*

552 –15,083.31* –45.77* 0.55* –13.61*

553 –8,094.40* –22.27† 0.31 –4.87
578 –890.66 –10.40 0.27† 6.61*

583 7,357.31* 23.09* 0.31† –4.10
598 –1,573.12 –6.49 0.57* –3.21
600 –739.87 –2.86 0.07 –4.34
605 –1,629.05 –4.36 –0.09 –10.56*

618 –2,972.35 –8.60 0.38* 9.98*

630 1,992.28 7.78 0.24 2.32
635 –5,530.72* –22.89* –0.08 –8.97*

642 –6,695.73† –26.91* 0.38* –14.48*

648 –7,887.91* –21.34* 0.54* 1.94
671 –20,327.52* –68.75* 0.51* –10.12*

672 –6,833.02* –25.66* 0.42* –0.52
673 –4,857.96† –12.17 0.41* –3.57
678 –12,863.84* –34.62* 0.64* 7.36*

688 –759.13 –12.95 0.12 5.99†

691 Reference Reference Reference Reference
*p < 0.05.
†p < 0.10.
ARBU = acute rehabilitation bedservice unit, FIM = Functional Independence Measure, VAMC = Department of Veterans Affairs medical center.
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rehabilitation services, after accounting for the influence 
of admiss ion functional status. Finally, a number of the 
facility variables were statis tically significant, reflecting 
the considerable faci lity vari ations in costs commonly 
found in other studies of inpatient costs [18]. The regres-
sors lis ted in Table 2  accounted for ap proximately 
40 percent of the variation in the cost-dependent variable.

The results presented in Table 2 indicate that the type 
of rehabilitation uni t has a sizable influence on index 
rehabilitation stay costs. However , the results in Table 2
provide little insight into the pathways by which such an 
effect is produced. The results in Table 3  yield informa-
tion about the magnitudes of these pathways (both direct 
and indirect effects) and give a more precise understand-
ing of the total effects observed in Table 2 .

The results in Table 3  show the direct effects of all 
the variables on costs, length of stay, and guideline com-
pliance s cores. We also used  the key coef ficients from 
Table 3  to ca lculate the ma gnitudes of the various  indi-
rect pathways whereby type  of rehabilitation unit influ-
ences index stay VHA costs (see the Appendix for details 
on these calculations, available online only). ARBUs had 
their lar gest indirect e ffect on index rehabilitation stay 
VHA costs through reducing le ngths of stay by approxi -
mately 8.2 days. Given the marginal cost per day of $740, 
this translates into roughly $6,000 in lower costs, which is 
essentially the enti re total effect of type of rehabi litation 
unit on index stay VH A costs, whether measured in the  
reduced-form model from Table 2  or as the sum of the  
direct and indirect effects in Table 3 . Once the impacts of 
unit type on lengths of stay and guideline compliance are 
included, we fail to find a st atistically s ignificant direct 
effect of unit type on index stay costs.

In addition to examining total index rehabilitation stay 
costs, we estimated separate  regression mo dels for the 
components of total cost s as  provided in the VHA DSS 
NDE data (nursing, pharmacy, laboratory, surgical, and all 
other), controlling for type of bed  unit (ARBU vs SRBU), 
impairment code, onset to admission, admission motor and 
cognitive FIM scores, and demographics (age, marital sta-
tus, and race). Fixed effects were also added to control for 
facility (the site variables listed in Table 3 ). These models 
demonstrate that ARBUs save approximately $3 ,500 in 
nursing costs compared with SRBUs. ARBUs also demon-
strate approximately $900 lower pharmacy costs. We did 
not find st atistically significant effects of type of rehabili-
tation unit on laboratory, surgical, or all other costs of the 
index rehabilitation stay.

In ad dition to  reduced lengths of stay , ARBUs are 
also associated with higher rates of stroke  rehabilitation 
guideline compliance (+5.5 points on the 0–100 point 
scale). Guideline complia nce, in turn, is associate d with 
higher costs o f care (by $103 per guideline-compliance 
point). Longer lengths of st ay are  also associated with 
slightly higher guideline compliance scores (+0.18 more  
guideline-compliance points per extra day).

DISCUSSION

These results stand in cont rast to the conventional 
wisdom that shifting care away from acute sett ings to 
subacute settings saves money. The evi dence just pre -
sented suggests that the 8.3  days short er mean leng th of 
stay in  A RBUs compared w ith SRBUs is the primary 
source of the substantial $6,000 lowe r VHA costs per  
stay in ARBUs observed in this study. The fact that nurs-
ing costs account for $3,500 of these lower costs is con-
sistent with reduced lengths of stay as the primary driver  
of the se re sults. Moreover , the  lowe r cos ts obse rved in 
ARBUs in this study combined  with the higher rates of 
guideline compliance and improved outcomes in ARBUs 
found in previous work [10,19]* suggest that stroke reha-
bilitation in an ARBU may be  more cost-effective than 
stroke rehabilitation in an SRBU.

We emphasize, however, that our cost results ap ply to 
the index stay only and that we were unable to find statisti-
cally significant cost impacts beyond the index stay. Also, 
our analyses apply only to costs and we d id not examine 
clinical outcomes for the patients in our sample. Therefore, 
our analyses fall short of a full cost-effectiveness analysis 
of acute versus subacute stroke rehabilitation.

Our finding that h igher rates of guideline compliance 
are associated with higher costs is noteworthy , but perhaps 
equally noteworthy is t he sma ll size  of this ef fect. As  
shown in Table 3 , a 1-point increase in the guideline-
compliance score is associated with an approximately $100 
increase in cos ts. Corre spondingly, a substantial 10-po int 
increase in guideline compliance would be associated with 
a relatively small $1,000 increase in costs, only 4 percent 

*Reker DM, Duncan PW. The process and outcomes of stroke care in 
the VHA. Department of Veterans Affairs, Veterans Health Adminis-
tration, Rehabilitati on Research and Develo pment Se rvice, grant 
O3131R; 2006.



438

JRRD, Volume 47, Number 5, 2010
of the $25,000 mean rehabilitation stay cost. To the extent 
that improv ed guideline co mpliance improves fun ctional 
outcomes, this suggests that higher rates of guideline com -
pliance may be desirable not only from a cli nical perspec-
tive but also from a financial perspective.

This suggestion is tempered, however, by several limi-
tations in the present study: (1 ) we were unable to detect 
statistically significant differences is short-term, long-term, 
or 2-year ann ual VHA co sts, leaving open the question o f 
whether po ssible po stdischarge increases in co sts for 
patients treated in ARBUs of fset the lower costs observed 
during the index rehabilitation st ay (t he results remained 
inconclusive w hen we  e xamined the se long er-term co sts 
excluding the costs of the ind ex stay); (2) o ur data pertain 
only to VHA stro ke p atients an d are therefore limited in 
their sc ope, sinc e both AR BUs and SRBUs treat a wide  
variety of rehabilitation patient s, including those with spi-
nal cord injuries, amputations, and traumatic brain injuries; 
(3) this study, by necessity, only examined the costs associ-
ated with VHA use and omitted any use of non-VHA care, 
thereby making this analysis more of a business case analy-
sis from the VHA perspective rather than societal perspec-
tive (prior re search among st roke patients  has shown 
substantial am ounts o f poststroke Medicare utilization
among Medicare-enrolled veterans [19]); and (4) our use of 
observational data raises the possibility that our results may 
exhibit statistical selection bias whereby those patients who 
are select ed for treatment in a particul ar type of unit 
(ARBU or SRBU) differ from other patients in unobserved 
ways that influence the outcomes under study. (For exam -
ple, if clinicians tend to direct mo re motiva ted s troke 
patients to ARBUs and less mo tivated stroke patients to 
SRBUs, our failure to measur e motivation directly could 
bias our results in favor of ARBUs.) While selection bias is 
always a danger in observational studies, we do not believe 
that s election bias alo ne could account for the  res ults 
observed here for several reasons . Fi rst, we  we re able to 
control for patient functional status on  admission (using 
admission motor and cognitive FIM scores), thereby elimi-
nating or at least reducing a major potential source of selec-
tion bias. Next, our data enabled us to include most of the 
other important covariates (age , se x, race, marit al st atus, 
time since onset, impairment code, etc.) found  in observa -
tional studies of this type and descriptive comparisons of 
patient char acteristics reve aled br oad subst antial simila ri-
ties in pa tient cha racteristics a cross ARBUs a nd SRBUs. 
Also, the sizable ef fects observed in our models for index 
stay VHA costs and leng ths of  stay suggest fun damental 

differences in duration and intensity of rehabilitation 
between ARBUs and SRBUs that extend well bey ond 
patient selection. Finally , the VHA facilities in this study 
typically had only one t ype of VHA rehabilitation uni t 
(acute or subacute), meaning th at any bias in the se lection 
of patients between the two type of units would require a 
patient transfer to another (often remote) facility.

CONCLUSIONS

Our results suggest that the VHA should proceed 
cautiously in substituting S RBU care for ARBU care. 
Although the conventional wi sdom is that hospital  set -
tings are mo re expensive than no nhospital set tings, our 
results show that ARBU costs per index stroke rehabilita-
tion stay are $6,000 low er than comparable SRBU costs. 
Additional research is required before definitive conclu-
sions ca n be dra wn regarding the cost-ef fectiveness of 
poststroke rehabilitation i n ARBUs versus S RBUs. We 
are presen tly conducting a cost-utility stud y funded
through the V A Rehabilita tion R esearch and Develop -
ment Se rvice that examines a broa der arra y of stroke 
rehabilitation structures and al so includes measures of 
rehabilitation outcomes. T his work should improve our 
understanding of the relationships between structure, pro-
cess, outcomes, and costs in stroke rehabilitation and pro-
vide better gu idance to po licymakers for impro ving the 
effectiveness and efficiency of VHA stroke rehabilitation 
services.
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