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Objective: To identify factors associated with health-care utilization during the first year after inpatient
rehabilitation (IR) in individuals with traumatic spinal cord injury (SCI).
Design: Prospective cohort.
Methods: One hundred and sixty-eight patients were prospectively enrolled and followed over 1 year after
discharge from an SCI Model System IR program. Telephone follow-up occurred at 3, 6, 9, and 12 months.
Participants were grouped into four impairment levels (C1–4 American Spinal Injury Association (ASIA)
Impairment Scale (AIS) A–C, C5–C8 AIS A–C, paraplegia AIS A–C, and all AIS D). Three domains of health-
care utilization were examined: hospital care, outpatient provider visits, and home services.
Results: Health-care utilization in the first year following IR was high with 45% of subjects reporting re-
hospitalization. Twenty percent of patients were initially discharged to a skilled nursing facility (SNF), and an
additional 10% required SNF care during this first year. Overall, those with C1–4 AIS A–C used the most
services. Participants discharged home used less health care compared to those discharged elsewhere. SCI
due to falls (vs. vehicular crashes) was associated with fewer in-home service visits. Age, sex, race, and
education were unrelated to higher use.
Conclusion: Those with greater neurological impairment or not discharged home after IR had higher health-care
utilization, while age was not associated with utilization. Targeted efforts to reduce genitourinary and respiratory
complications may reduce the need for hospital care in the first year after IR.
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Introduction
The individual and societal lifetime economic impact of
traumatic spinal cord injury (SCI) is high, despite an
incidence of only 25–59 per 1 million persons annually
in the USA.1 Physiologic changes resulting from SCI
predispose those affected to the development of second-
ary conditions requiring health-care services, with 95%
of patients endorsing at least one associated medical
condition.2 Over recent decades, the lengths of stay for
acute care and inpatient rehabilitation (IR) phases of
initial SCI treatment have greatly decreased. There con-
tinues to be an increase in mean age at injury, with
growth in the proportion of patients who are elderly at
the time of injury and thus have more pre-existing
medical comorbidities. These trends make it likely that
the need for health-care utilization in the initial period

post-discharge is also changing. The aims of this
current study were to (1) identify the most common
health-care services used in the first year post-discharge
from IR for individuals with traumatic SCI, (2) examine
characteristics associated with service utilization; and (3)
determine rates and reasons for re-hospitalization in this
population.

Methods
Participants
This study analyzes data from 168 adults who partici-
pated in a randomized controlled trial of a telephone
follow-up intervention during the first post-discharge
year after traumatic SCI. All patients who were treated
for new SCI during 2009–2013 by the Northwest
Regional SCI System of Care and meeting criteria for
enrollment in the Model Systems National SCI
Database were offered enrollment. Briefly, to be
included an individual had to have a traumatic SCI,
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admitted to the center within 1 year of injury, complete
IR at the specific SCI Model System center and reside in
the center’s catchment area following discharge from
IR. The primary outcomes of the intervention study
included health-care utilization and psychosocial adjust-
ment. During the enrollment period, 80% of eligible
patients admitted to the study site agreed to participate.
No differences in demographics and outcomes were
found between treatment (enhanced telephone follow-
up) and control (usual follow-up) condition; therefore,
data from both groups were combined for this study.
During this time period, no significant changes in
health-care delivery occurred within the system.
Participants were enrolled during IR and each partici-

pant was followed prospectively with structured phone
interviews at 3, 6, 9, and 12 months after discharge
from IR. Information about hospital admissions, emer-
gency room (ER) visits, surgeries, imaging studies,
primary care and specialist outpatient visits, and home
health services (nursing, therapy, and paid attendant
care) were obtained for the prior 3 months by an exam-
iner blinded to treatment condition. All study pro-
cedures were approved by the UW Human Subjects
Review Committee and informed consent was obtained
from each participant.

Measures
Demographic and injury characteristics were collected
during IR and are summarized in Table 1. Race was
grouped as Caucasian vs. other, etiology was grouped
as vehicular vs. other, marital status was grouped as
married at time of injury vs. other, and education was
grouped as high school or general education develop-
ment (GED) and above vs. less than high school.
Neurological classification was determined for the
status at the time of IR discharge. The patients were
placed into four groups of neurological level of impair-
ment: (1) C1–C4 American Spinal Injury Association
(ASIA) Impairment Scale (AIS) A–C, (2) C5–C8 AIS
A–C, (3) paraplegia AIS A–C, and (4) all AIS D SCI.

Health-care utilization domains
A modified version of the Cornell Services Index was
used to collect data on health-care utilization. The orig-
inal 22-item instrument measures use of mental health
services, but includes information about more general
health-care use in an adult population.3 Some items
related to mental health care (e.g. types of psychother-
apy) were deleted, and some additional questions were
added specific to SCI care such as whether the partici-
pant required surgery, stayed overnight in a skilled
nursing facility (SNF), or was seen by a rehabilitation

medicine physician. For the current study, data were
grouped into three main health-care utilization
domains: hospital-based care, outpatient services, and
home services. The hospital care domain included any
hospitalizations, ER or urgent care visits, or any sur-
geries (including day procedures). The outpatient ser-
vices domain included visits to a primary care provider
(PCP), rehabilitation medicine or other specialist
physician or mid-level provider (physician assistant or
nurse practitioner), nursing clinic visit, mental health
professional (psychiatrist and psychologist), as well as
others. The home services domain included home
health (nursing and therapy) visits as well as paid
attendant care use.

Statistical analysis
Descriptive statistics were used to compare demographic
and injury characteristics across neurological level of
impairment. Poisson regression models were run for
each of the three health-care utilization domains with
neurologic classification, age, sex, race, etiology of
injury, discharge location (home or not home), marital
status, and education as predictor variables in the
model using SPSS version 17 (SPSS Inc., Chicago, IL,
USA). The advantage of using this model is to
account for multiple incidents, or count of incidents,
within each domain (e.g. allow for more than one hospi-
talization per person), rather than limit to a binary
response (i.e. hospitalized or not, used home services
or not, etc.). Outcome was modeled as 12-month
counts, which were calculated as the sum of the ‘over
the previous 3 months’ estimates provided at each of
the four outcome assessments. Counts for missed assess-
ments were estimated with a pre-rated average based on
the known assessments (rounded to the nearest integer
to accommodate the Poisson model). As long as a
subject provided at least one outcome assessment, they
were included in the analysis. We performed unweighted
analyses despite the fact that some subjects contributed
more information than others.

Results
Table 1 shows demographic characteristics of partici-
pants. Individuals with AIS D injuries tended to be
older, have the shortest rehabilitation length of stay
and the highest discharge functional independence
measure scores.
In the first year following IR, 45% of study partici-

pants were re-hospitalized, 57% visited an ER, and
26% required surgery. Twenty percent of patients were
initially discharged to a SNF, but another 10% required
SNF care during this first year. Most (86%) of the
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subjects reported being treated by a PCP. Overall, those
with C1–4 AIS A–C injuries used the most services; they
averaged 4 hospital encounters, 125 home care visits,
and 17 outpatient visits. By comparison, participants

in the AIS D group averaged about 1 hospital encounter,
25 home care visits, and 15 outpatient visits. Figure 1
provides boxplots for the three types of utilization by
neurologic category.

Table 2 shows the frequency and duration of re-hospi-
talizations based on neurological level. The frequency
with which those with greatest neurological impairment
(C1–4 AIS A–C injuries) had any re-hospitalization was
only modestly greater (63%) than for the next lower
category of neurological impairment (C–C8 AIS A–C;
43%). However, the mean number of re-hospitalizations
was considerably greater (2.4 vs. 1.1 episodes) as was the
average re-hospitalization length of stay (19.8 vs. 8.0
days). The majority of participants with C1–C4 AIS
A–C and C5–C8 AIS A–C who required re-hospitaliz-
ation were hospitalized more than once during the
1-year period, while those with lesser neurological
impairment who required re-hospitalization were more
likely to have only a single episode of re-hospitalization.

Health-care utilization correlations
Table 3 summarizes the results of the Poisson regression
analysis. The values represent the percent expected fre-
quency for individuals in the specific condition as com-
pared to the alternative group(s) (vehicular vs. all other
etiologies, white vs. non-white, discharge location of
home vs. not, married vs. not, high school education
and above vs. less than high school, and high tetraplegia
vs. all other neurologic levels). For example, in the hos-
pital care model, a subject who was discharged home
would be expected to have 57% of the hospitalization

Table 1 Demographic characteristics by neurological level

Total
AIS A–C
(C1–C4)

AIS A–C
(C5–C8)

AIS A–C
(paraplegia) AIS D (any level) P

N (% total) 168 36 (22%) 23 (14%) 47 (28%) 61 (37%)
Age, mean (SD) 41 (16) 40 (16) 37 (15)A 36 (14)B 48 (15)AB 0.004
Sex N (% male) 133

(79%)
27 (75%) 20 (87%) 34 (72%) 51 (84%) 0.458

Acute care LOS* mean (SD) 17 (15) 16 (12) 22 (16) 20 (19) 14 (13) 0.079
Rehab LOS mean (SD) 47 (41) 65 (29)ABC 51 (19)AE 45 (33)BF 35 (54)CEF <0.001
Race N (% Caucasian) 138

(83%)
29 (81%) 20 (87%) 39 (83%) 50 (83%) 0.385

Etiology N (% vehicular) 65 (39%) 16 (44%) 7 (30%) 18 (38%) 24 (39%) 0.875
Discharge FIM** mean (SD) 53 (24) 23 (9)ABC 41 (15)ADE 60 (19)BDF 70 (17)CEF <0.001
Discharge to SNF*** N (%) 30 (18%) 9 (25%) 6 (26%) 8 (17%) 6 (10%) 0.054
Discharge home N (%) 134

(80%)
25 (69%) 17 (74%) 38 (81%) 54 (89%)

Discharge other N (%) 4 (2%) 2 (6%) 0 (0%) 1 (2%) 1 (2%)
Married at time of injury N (%) 59 (35%) 12 (33%) 8 (35%) 15 (32%) 24 (39%) 0.522
Education N (% HS/GED or

above)
146
(88%)

34 (94%) 21 (95%) 38 (81%) 52 (87%) 0.198

Letters, pairwise comparison is significant at the Bonferroni-corrected α= 0.05 (i.e. 0.0083).
*LOS, length of stay.
**FIM, functional independence measure.
***SNF, skilled nursing facility.

Figure 1 Health-care utilization by neurologic injury.
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rate of a subject who was not discharged home, i.e. 43%
fewer hospitalizations. Being discharged home (vs.
SNF) was significantly associated with a lower
frequency of hospital care (including re-hospitalization,
surgery, and ED visits). Falls (vs. vehicular crashes) as a
cause for SCI was associated with lower use of in-home
services. Married subjects attended significantly more
outpatient visits compared to unmarried subjects.
However, no difference was noted here in the amount
of outpatient services utilized by each neurologic
group. Age, sex, race, and education were unrelated to
frequency of health-care utilization.

Reasons for re-hospitalization and emergency
department/urgent care use
Figure 2 presents the proportion of encounters for re-
hospitalization and ER/urgent care visits grouped by
body system/cause. The most common diagnoses
associated with re-hospitalization in the first year after
IR were genitourinary causes, including urinary tract

infection (35%), followed by respiratory conditions
(12%). Additional IR was cited as the reason for re-hos-
pitalization in 12% of the study population.
Genitourinary and musculoskeletal conditions (includ-
ing pain complaints) were the most common reasons
for ER or urgent care visits.

Discussion
There is a paucity of US-based studies examining factors
that predispose patients with SCI to high levels of
health-care use. Jaglal et al.4 found that 27.5% of
patients in Canada with SCI were re-hospitalized
during the first year post-discharge, and those patients
tended to be older, had higher co-morbidity rates,
longer mean acute care stay, lived in a rural area, and
had 50 or more physician or specialists visits. Munce
et al.5 examined physician and emergency department
visits among adults with SCI in the first year after
injury. Results suggested that women had more visits

Table 2 Frequency of re-hospitalizations by neurologic level of injury

Overall (N = 169)

Neurologic level

C1–C4 AIS A,
B, C (N= 36)

C5–C8 AIS A,
B, C (N= 23)

Paraplegia AIS A,
B, C (N= 47)

AIS D
(N= 61)

Subjects re-hospitalized 73/163
(45%)

22/35 (63%) 10/23 (43%) 23/45 (51%) 17/58
(29%)

Mean number of re-hospitalizations 1.1 2.4 1.1 1.1 0.5

Number of re-hospitalizations
(pro-rated counts are rounded
to nearest integer)

N Avg. days of
hospitalization

N N N N

1 36 9.3 5 4 15 11
2 13 14.8 4 3 3 3
3 6 49.3 4 0 1 1
4 9 31.9 3 2 2 2
5 2 34.0 2 0 0 0
6 or more 7 42.6 4 1 2 0
Average re-hospitalization LOS 9.1 19.8 8.0 5.8 5.8

Table 3 Poisson regression results across health-care utilization type

Hospital care Home care Outpatient provider

Etiology
Violence (vs. vehicular) 0.83
Fall (vs. vehicular) 0.10***
Other (vs. vehicular) 0.88

Discharged home 0. 57**
Married 1.33**
Neurologic level

C5–C8 (vs. C1–C4) 0.70 0.80
Paraplegia (vs. C1–C4) 0.60* 0.45***
D (vs. C1–C4) 0.38** 0.25***

Other factors used in the regression model included age, sex, race, and education; no significant difference among the health-care
utilization domains were found.
*P< 0.05.
**P< 0.01.
***P< 0.001.
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to their family practitioner compared to men, while men
had more visits to a physiatrist. Older age (above 70
years), direct discharge to chronic care, and in-hospital
complications were associated with ‘high utilization’
post-discharge.5 The concept of a high utilizer group
was explored by Dorsett and Geraghty6 and Samsa
et al.,7 who noted that pressure ulcer management and
greater health-care use in the first 5 years after injury
were related to higher overall use of resources over an
average of 10–14 years.

In the US, examination of health-care utilization has
primarily focused on re-hospitalization, with the rate in
the first year after traumatic SCI among non-veterans
administration (VA) cohorts reported as 27.2–33%.8–10

The rate of re-hospitalization in a 5-year VA-based
cohort was as high as 90%.7 DeJong et al.9 prospec-
tively examined the reasons for re-hospitalization in
951 patients with acute traumatic SCI and found that
genitourinary, respiratory, and diseases of the skin and
soft tissue were the most common admission diagnoses,
which were similar to an earlier study.10 DeJong et al.9

found that female sex, Medicaid status, and younger age
were associated with increased odds of re-hospitaliz-
ation. In Canada, Dryden et al.11 reported people
with traumatic SCI were hospitalized nearly three
times more often, had a hospital length of stay 3 days
longer, were nearly three times more likely to have out-
patient physician contact, and required 30 times as
much home care services as age and sex matched
controls.

Overall, health-care utilization in the first year after
IR was found to differ significantly by neurological
level. Persons with tetraplegia, especially high tetraple-
gia, experienced more frequent hospitalizations and
home care visits. Participants with the highest levels
and greatest severity of injury (C1–C4 AIS A–C) were
the highest users of all health-care services. However,
when other variables were included in the regression
models, those with C1–C4 AIS A–C did not signifi-
cantly differ from those with C5–C8 AIS A–C. This
suggests that these individuals are more alike in use of
health-care services. This finding is consistent with the
expectation that greater functional impairment results
in greater need for resources and services to meet daily
care requirements, and is associated with higher risk
for complications requiring medical care, including mul-
tiple re-hospitalizations. We also found that those who
discharged initially to a SNF used significantly more
hospital care services than those discharged to the com-
munity. This most likely occurred because those with a
higher burden of medical comorbidities required dis-
charge to a SNF rather than to home, and the manage-
ment of medical comorbidities necessitated greater
hospital care service utilization. This finding is consist-
ent with previously reported results.9

It is unclear why those with falls as the injury mechan-
ism (58 subjects, or 34%) utilized fewer in-home services
compared to the rest of the group. Falls are the most
common etiology of SCI in people over the age of 60
years, and this group is statistically more likely to have
more medical comorbidities and may require more
home care. Age was not significantly associated with
health-care utilization after controlling for neurological
impairment. Married participants attended more outpa-
tient services, possibly due to greater availability of
support for and transportation to appointments.

Leading reasons for readmission in this study are
similar to those described by Cardenas et al.10 and
DeJong et al.,9 with diseases of the genitourinary
system, diseases of skin and subcutaneous tissue includ-
ing pressure ulcers, and diseases of the respiratory
system being the most common causes. The re-hospital-
ization rate in the first year after IR in our cohort is
slightly higher than the 2012 Model System rate of
36.5%,12 which may be due to the more frequent assess-
ments of health-care use in this study.

Limitations of study
Data from this study were collected from a single hospi-
tal system from one region of the USA and may not be
generalizable more broadly to the entire country. In
addition, it is possible that the frequency of data

Figure 2 Hospital and ER/urgent care health-care utilization
by cause.
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collection (every 3 months), and the use of a self-report
method may have introduced recall bias. It would be
preferable for utilization to be measured from adminis-
trative records such as health insurance claims, but
these data were not available for the present study. If
data on medical co-morbidities was collected, it may
have explained some of the variance in health-care use.
Finally, we do not have specific information on

whether health-care use was planned or unplanned.
For example, we expect that in most cases, the IR
re-admit was planned at the time of discontinuation of
spinal bracing or weight bearing precautions, or to
learn advanced rehabilitation techniques. However, we
did not collect that level of detail on re-hospitalizations.

Conclusion
Better understanding of service utilization in the first
year after IR may help providers, policy makers, and
patients plan for services that will be required. The find-
ings, especially for individuals with high tetraplegia who
are more likely to use more hospital care and home
health than individuals with minimal neurological
deficit (AIS D), support the need for comprehensive,
coordinated IR discharge, and follow-up planning.
Rates of re-hospitalization and ER visits could be
reduced by specific interventions such as standardized
discharge planning (especially for those discharging to
a SNF) or by targeted education to reduce genitourinary
and respiratory complications.
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