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Rehospitalization following compensable work-related tetraplegia
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Design: Descriptive study.
Objectives: To document the characteristics of rehospitalization following work-related
tetraplegia, investigate risk factors for rehospitalization and identify opportunities for
rehospitalization prevention.
Setting: Workers’ compensation administrative database with national coverage.
Methods: The administrative database of a large workers’ compensation provider was
searched for work-related tetraplegia claims with dates of injury between 1 January 1989 and
31 December 1999. In all, 61 cases were identified where detailed rehospitalization information
was available. Medical payment data were extracted, rehospitalization reasons were coded, and
rates, costs and length of stay were calculated.
Results: In all, 62% of cases were rehospitalized at some time during the period for which data
were available. The average number of days the study group spent rehospitalized per year was
9.2 and the average annual cost was $14 197. The most common reasons for rehospitalization
were dermatological (23%), orthopedic (18%) and urological (14%). It was found that as many
as 74% of the total number of days persons spent rehospitalized, 64% of the monies spent on
rehospitalization, and 47% of rehospitalizations could have been prevented.
Conclusions: Consistent with earlier research, the ability to identify risk factors for
rehospitalization was limited. However, the current study does highlight the extent to which
rehospitalizations disrupt the lives of people with work-related tetraplegia and that a substantial
proportion of rehospitalizations can be avoided.
Sponsorship: The research was supported, in part, by a grant from the National Institute on
Disability and Rehabilitation Research National Model SCI Systems (Grant no. H133N00024).
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Introduction

Research into health outcomes following spinal cord
injury (SCI) has found that the resulting physiologic
changes can increase lifelong susceptibility to secondary
health problems.1 These problems can be significant and
can result in rehospitalization. Indeed, it has been found
that following discharge for initial treatment, people
with SCI are more likely to be hospitalized, and to stay
in hospital for longer periods than are members of the
general population.1–3

Frequent and prolonged admissions to hospital
significantly affect the ability of people with SCI to
function in the usual activities of life, including regular
involvement in vocational activities and the mainte-

nance of meaningful personal relationships.2,4 Addition-
ally, rehospitalizations are a significant cost to patients
and society, with estimates from 1987 indicating that
the median cost per rehospitalization was $9683.5

Clearly, reducing the number and duration of rehospita-
lizations is an avenue for reducing the burden of SCI.

Research investigating rehospitalization following
SCI has found that the reasons for rehospitalization
are varied and most commonly include evaluation and
care of urinary tract disorders, treatment of cardio-
respiratory disease, neurological disorders, orthopedic
problems and soft tissue care.3–6 Although many
rehospitalizations are unavoidable, indeed some result
in an improvement in individuals’ functional status,
others have the potential to be avoided. Limiting these
preventable readmissions holds the potential for redu-
cing the burden of injury for those with SCI.
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This report details the frequency, costs, length of, and
reasons for rehospitalizations following work-related
tetraplegia and attempts to identify risk factors for
rehospitalization. A particular focus of the study was
to add to the understanding of potentially preventable
rehospitalizations. Our primary goals were to (1)
describe the occurrence of rehospitalization following
work-related SCI and (2) identify opportunities for
prevention. The current work builds upon our earlier
investigations of work-related SCI7,8 and extends upon
prior studies by including detailed information on costs
and length of stay.

Methods

Procedure
The sample was identified by searching a workers’
compensation provider’s administrative database for
work-related tetraplegia claims with dates of injury
occurring between 1 January 1989 and 31 December
1999. During this time, the provider insured 8–10% of
all US private sector workers. Level of injury, as
determined at the time of the first year follow-up visit,
was classified according to the revised 2000 Interna-
tional Standards for Neurological Classification of
Spinal Cord Injury from the American Spinal Injury
Association (ASIA). Cases were grouped by injury
category: High Tetraplegia (C2-4 ASIA A–C), Low
Tetraplegia (C5-8 ASIA A–C) and ASIA D (any injury
to the cervical spine with an ASIA D classification).
Additional details regarding case identification and
approach to data collection have been reported pre-
viously.7

The workers’ compensation provider’s centralized
data source was continuous and comprehensive for all
actual insured expenditures. Virtually all SCI-related
care needs are covered under the workers’ compensation
insurance system and each service is identified as a single
line item in the database. Information drawn from the
data source included payment amount, service type,
service date, provider name and type, and Physician’s
Current Procedural Terminology (CPT) codes. Line
item payments were assigned to subcategories by
expenditure years using available billing information.
CPT codes were used when available to identify services.
If CPT codes were lacking, billing codes of the insurer
were used in combination with service provider descrip-
tion and designation codes. On certain occasions, it was
necessary to review additional medical and disability
information (including case and claim manager notes) to
identify the type of service provided.

Information regarding expenditures for rehospitaliza-
tion was extracted from the database. Expenditures
included all payments for services associated with a
rehospitalization, except for durable medical equipment,
which was categorized separately, and were compiled
from date of admission to date of discharge. All
expenditures were adjusted using the Year 2000 medical
care component of the Consumer Price Index.9 Payment

data were stratified by the year following injury when
the service was provided, and are presented for up to 5
years after the initial date of injury (ie, Years 1, 2, 3, 4, 5
following injury, with each year equating to 365 days).
Although expenditures are described over the 5 years
following injury, continuous and reliable data specific
to medical services were only available from 1993.
Consequently, cases with an initial injury date from
1989 to 1992 included only payment data from 1993
forward. This resulted in the full 5 years of data not
being available for all cases. Information was available
for Year 1 in 35 cases, Year 2 in 33 cases, Year 3 in 30
cases, Year 4 in 29 cases, and Year 5 in 33 cases. The
mean length of time for which data were available was
2.6 years.

Based on earlier findings that indicated little differ-
ence between postinjury Years 2 and 5,7 and to facilitate
comparisons with earlier studies, payments for years 2–5
were averaged and the term ‘subsequent years’ is used
to refer to average annual post first-year payments. If
information was not available for all 4 years, the mean
was calculated using the number of years for which data
were available. Exploratory analyses were conducted to
determine overall and group means. Between-group
differences were tested using ANOVA and t-tests. Post-
hoc testing was conducted using Tukey’s honestly
significant difference or Tamhane’s was used depending
on equality of variance. Statistical significance was
interpreted as Po0.05. w2 analysis was also employed
when needed. All analyses were undertaken using SPSS.
All procedures were approved by the Liberty Mutual
Research Institute for Safety Institutional Review
Committee.

The primary reason for each rehospitalization was
classified into one of 11 broad categories. These were
urology (mostly urinary tract infections), dermatology
(decubiti), pain management, rehabilitation, neurology
(eg, managing spasticity), orthopedics (eg, cervical
fusion for stabilization, treatment of fractures and
heterotrophic ossification), cardiorespiratory (predomi-
nantly pneumonia), gastrointestinal (mainly secondary
to problems associated with bowel management), other
infections, other reasons (not classifiable into other
categories) and unknown (insufficient information avail-
able). In cases where dates of rehospitalization were
contiguous (such as when an individual was transferred
for rehabilitation following an orthopedic admission)
the rehospitalization was classified as one event and
categorized based on the reason for the initial rehospi-
talization (in the example above, the rehospitalization
would be categorized as orthopedic).

To determine whether rehospitalizations were poten-
tially preventable, the investigators, including an inter-
nist, physiatrist, physician assistant/physiotherapist, and
a health psychologist, reviewed the case notes. Based
on the method used by Davidoff,5 rehospitalizations
considered potentially preventable included those where
the admitting diagnosis was most likely the result of
inadequate patient compliance and/or problem solving.
These included skin pressure sore, urinary tract infec-
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tion, pulmonary infection, deep-venous thrombosis and
burns. Nonpreventable rehospitalizations were mainly
for surgical procedures to repair or overcome a problem
that resulted from the injury such as removal of
instrumentation, sphincterotomy, tendon transfer, or
intrathecal Baclofen pump. Rehabilitation rehospitali-
zations were divided into two groups: (1) those patients
admitted for training expected to lead to enhancement
in functional capacity, and (2) those patients admitted
because of a reduction in the ability to perform self-care
or mobility that was not the result of new neurologic
loss. Rehabilitation rehospitalizations in the first group
were classified as nonpreventable; however, those in the
second group were classified as preventable. If there was
substantial doubt or dissension between study group
members with regard to preventability, the rehospitali-
zation was categorized as nonpreventable (Note: This
only occurred in two cases).

The annual rate of rehospitalization was calculated by
dividing the number of rehospitalizations by the number
of years for which patient data were available. Similarly,
the annual rate of preventable rehospitalization was
calculated by dividing the number of preventable
rehospitalizations by the number of years for which
patient data were available.

Owing to the nature of the data recorded in the
administrative database, the opportunity to test for risk
factors was limited to age, gender and place of residence.
To test the impact of place of residence, the United
States Department of Agriculture (USDA) Economic
Research Service (ERS) 2003 rural–urban continuum
codes were used to classify workers’ residencies as
metropolitan or nonmetropolitan. An individual whose
address was within a county with a continuum code of
1–3 was designated as living in a metropolitan area.
Those living in other areas (ie, continuum codes 4–9)
were classified as living in a nonmetropolitan area.

Subjects
The search of the database identified 61 eligible cases
with useable data residing in 28 states. (Note: One
additional case was identified; however, a lack of
detailed readmission data resulted in the person being
excluded from the analysis.) The average age at injury
was 38.7 years and 92% of cases were male. A total of
8 persons had High Tetraplegia and 38 people had Low
Tetraplegia. The remaining 15 people were classified as
having an ASIA D impairment. The majority of injuries
were the result of falls (36%), followed by vehicular
accidents (34%), struck by/against (21%), violence and
sports (3.2% each). For further demographic informa-
tion, please consult our earlier publication.7

Results

In total, 120 rehospitalizations were identified. The
average length of stay was 10.9 (SD 22.8) days, the
minimum was 1 day, the maximum was 174 days and
46% of rehospitalizations were 7 days or longer. In all,

62% of study subjects were readmitted during the period
for which data were available and multiple rehospitali-
zations were quite common – on average, 19.8% of cases
were readmitted more than once a year.

In the first year of injury, 51% of the cases were
readmitted. This percentage dropped in later years, with
little difference observed in the rate of rehospitalization
in Years 2–5: Year 2¼ 39%, Year 3¼ 40%, Year
4¼ 28%, Year 5¼ 36%. Rehospitalizations of a week
or longer occurred in 38% of the cases for which first-
year data were available, 28% of Year 2 cases, 48% of
Year 3 cases, 59% of Year 4 cases and 52% of Year 5
cases. In all, rehospitalizations of a week or longer were
experienced by 43% of the sample.

The average number of days the study group spent
rehospitalized annually was 9.2 (SD 20.3); however, this
mean was inflated by a number of extreme values (nine
that were over 24 days). After the three most extreme
values were excluded (5% top-end trim), the resulting
mean was found to be 5.3 days (SD 9.8). Although the
percentage of cases with rehospitalization was higher in
Year 1, the average number of days spent hospitalized
was not: Year 1¼ 5.9 (SD 10.4), Year 2¼ 10.3 (SD
32.9), Year 3¼ 5.9 (SD 11.9), Year 4¼ 6.0 (SD 15.5),
and Year 5¼ 12.3 (SD 37.2). In all, 20% of the study
group accounted for 85% of the total number of days
rehospitalized.

The average monies spent on rehospitalization per
person, per year was $14 197 (SD $24 710, median
$2750). However, once again this mean was inflated by
a number of extreme values: in six cases the annualized
mean was greater than $51 693. With the three most
extreme values excluded, the mean was $10 006 (SD
$16 320). Similar to days hospitalized, the top 20% of
the sample (n¼ 12) accounted for 77% of the annualized
monies spent on rehospitalization. Although the mean
annual days rehospitalized differed by impairment
group (see Table 1), only when the ASIA D group was
compared to the other two groups combined (M¼ 11.8)
was a statistically significant difference observed:
t (47.6)¼�3.11, Po0.01, equal variance not assumed.
Means remain significantly different (Po0.01) when
comparisons were made with the three most expensive
cases excluded. The mean annual payments for re-
hospitalization differed substantially by impairment
group ($11 729 for High, $18 576 for Low and $4416
for ASIA D); however, only when the ASIA D group
was compared with the other two groups combined
(M¼ $17 385) were statistically significant differences
observed: t (58.6)¼�2.87, Po0.01, equal variance not
assumed. This was also the case after the three most
expensive cases were excluded (Po0.05).

The relationships between the various risk factors
and rehospitalization rates are presented in Table 1.
When comparisons of the mean annual number of
rehospitalizations by impairment type were conducted,
it was found that those within the ASIA D category
had significantly fewer rehospitalizations in comparison
with the others: t(56.1)¼�3.24, P¼ 0.01, equal variance
not assumed. The average rate of rehospitalization for
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the first year of injury was relatively consistent across
impairment levels. However, in subsequent years the
mean rate of rehospitalization was significantly lower
for the ASIA D group (Po0.05) and tended to be lower
for the High Tetraplegia group in comparison to the
Low Tetraplegia group. When impairment groups were
compared, substantial differences in the mean number of
days hospitalized per year were observed; however, these
differences were not statistically significant. The only
exception was when the ASIA D group was compared
with the rest after excluding the top three outliers: mean
inpatient days were 11.7 versus 6.7, t¼ 47.6, Po0.01.

According to the ERS 2003 urban–rural continuum
coding system, 43% of the sample was defined as living
in a metropolitan county of 1 million or more, 31% in
a metropolitan county of between 1 million and 250 000
population, and the remainder (26%) residing in a
nonmetropolitan county. When comparisons of annual
rate of rehospitalization were made, no statistically
significant differences were observed between those
living in metropolitan versus nonmetropolitan settings.
Nor was there a statistically significant difference
observed in the mean annual days rehospitalized. With
the top three cases excluded, the average annual days
hospitalized for those in a metropolitan county was 5.5
days – very similar to the nonmetropolitan group.

Although the mean annual time the 30–44 years age
group spent rehospitalized was 10 days more than for
the other two age groups, this difference was not
statistically significant. Similarly, no significant age-
related differences were observed with regard to the
mean annual number of rehospitalizations, rehospitali-
zations in the first year of injury, or the average of
subsequent years. No statistically significant difference

was observed with regard to average annual days
hospitalized when comparisons based on gender were
made. Nor were there statistically significant differences
in the annual rate of rehospitalization.

Descriptive information relating to length of stay and
cost of the rehospitalization cross-tabulated by reason
for admission is presented in Table 2. Length of stay for
dermatological, cardio-respiratory and rehabilitation
admissions averaged longer than a week. Rehospitaliza-
tions for dermatological reasons were by far the longest
and most expensive: mean of 27.7 versus 8.2 and 7.5
days, respectively, and average cost of $35 542 versus
$12 020 for all other reasons. Orthopedic problems were
also a common and costly reason for rehospitalization;
average payment¼ $20 555 and accounting for 18% of
all rehospitalization costs. The most common reasons
for multiple rehospitalizations in a single year were
dermatological and orthopedic. The number of rehos-
pitalizations observed in each of the study years is
presented in Table 3. The frequency of rehospitalization
for urological problems showed a trend to increase in
later years. The opposite is true for orthopedics and
spasticity management (neurology), which showed a
decrease as time progressed. No statistically significant
differences were observed when the comparisons were
made between impairment type, age, place of residence,
gender and length of rehospitalization (see Table 1 for
group means).

Regarding the potential preventability of rehospitali-
zations: 48% (n¼ 58) were categorized as not preven-
table, 47% (n¼ 56) were potentially preventable, and
in six instances insufficient information was available
to determine preventability. Rehospitalizations for a
potentially preventable reason were experienced by 38%

Table 1 Risk factors by mean rehospitalization rates and mean associated in-patient days

Risk factor n

Annual
rehospitalizations

M (SD)

First-year
rehospitalizations

M (SD)

Subsequent-year
rehospitalizations

M (SD)

Annual
in-patient

days
M (SD)

Annual
preventable

rehospitalizations
M (SD)

Length
of stay
M (SD)

Impairment type
High tetraplegia 8 0.67 (0.82) 1.20 (0.84) 6.55 (1.09) 8.19 (13.19) 0.30 (0.69) 8.43 (10.15)
Low tetraplegia 38 1.01 (1.21) 0.76 (1.22) 1.09 (1.25) 12.52 (24.46) 0.54 (0.75) 12.20 (25.35)
ASIA D 15 0.30 (0.49)* 0.78 (0.83) 0.21 (0.36)* 1.14 (2.25)* 0.02 (0.06)* 4.00 (4.58)

Age (years)
19–29 22 0.74 (1.24) 0.71 (1.33) 0.61 (0.94) 6.27 (12.42) 0.22 (0.54) 7.92 (10.04)
30–44 18 0.72 (0.93) 0.72 (0.79) 0.85 (1.33) 13.88 (31.89) 0.43 (0.76) 18.90 (42.51)
45+ 21 0.91 (1.00) 1.10 (0.99) 0.95 (1.11) 8.14 (13.59) 0.51 (0.72) 8.60 (9.56)

Place of residence
Metropolitan 44 0.89 (1.10) 0.96 (1.17) 0.90 (1.15) 10.87 (22.74) 0.46 (0.74) 8.82 (25.30)
Nonmetropolitan 16 0.58 (0.96) 0.50 (0.71) 0.61 (1.07) 5.03 (11.84) 0.20 (0.47) 11.50 (10.83)

Gender
Male 55 0.64 (1.08) 0.85 (1.08) 0.47 (1.16) 9.55 (21.07) 0.38 (0.68) 11.33 (23.13)
Female 6 0.81 (0.88) 0.00 (0.00) 0.85 (0.64) 5.61 (12.46) 0.42 (0.66) 10.85 (14.95)

*ASIA D significantly different at Po0.05 when compared to all non-ASIA D cases
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of study subjects. Of those readmitted for any reason
(n¼ 38), 60% experienced at least one rehospitalization
for a potentially preventable cause. The mean length
of stay was found to be significantly longer in the case
of the potentially preventable rehospitalizations com-
pared to the nonpreventable ones: 17.3 versus 5.0 days,
F (1, 112)¼ 8.51, Po0.01. In total, study subjects spent
1305 days in hospital following their initial discharge; of
these 970 (74%) were associated with rehospitalizations
that had the potential to be prevented. A total of
$2 185 201 was spent on rehospitalizations. Of this,
$1 395 754, (64%) was spent on rehospitalizations that
had the potential to be prevented.

Of the rehospitalizations that occurred in the first
year following the injury, 28% (n¼ 8) were classified
as potentially preventable. This percentage increased
in later years: 56% in Year 2 (n¼ 14), 50% in Year 3
(n¼ 11), 54% in Year 4 (n¼ 7), and 64% in Year 5
(n¼ 16). Comparing first year with subsequent years
resulted in the identification of a statistically signifi-
cant difference: 28 versus 57%, w2¼ 7.22, Po0.01.
When between-group comparisons were made, it was
found that those in the Low Tetraplegia group had a
significantly higher rate of potentially preventable
rehospitalization than did those in the ASIA D group:
F (2, 58)¼ 3.60, Po0.05. No significant differences in
the annual rate of preventable rehospitalization were
observed between males and females. Although the rate
of potentially preventable rehospitalization showed a
trend towards increase with age, the trend was not found
to be significant. There was also no statistical difference
found with regard to the place of residence.

Based on the categorization method used, it was
deemed that 100% (n¼ 28) of the dermatological,
76.9% (n¼ 10) of the caridiorespiratory, 76.5%
(n¼ 13) of the urological, 33.3% (n¼ 1) of the infec-
tions, 16.7% (n¼ 1) of the gastrointestinal, and 9.1%
(n¼ 2) of the orthopedic rehospitalizations were poten-
tially preventable. In total, 23% (n¼ 14) of the study
group were readmitted for dermatological reasons
during the period for which data were available. In
several cases, two and three rehospitalizations a year
were observed. In total, 49% of the monies spent on
rehospitalizations were dermatological related. The only
factor found to relate to whether or not a person was
readmitted for dermatological reasons was identified
when comparisons were made between the Low Tetra-
plegia group and the ASIA D group, of which 34 and
0%, respectively, were readmitted for dermatological
reasons. (In all, 13% of the High Tetraplegia group was
readmitted at some stage for dermatological reasons.)
Rehospitalization for dermatological reasons was not
found to relate to age, place of residence or gender.

Discussion

The current study highlights the frequency with which
people with tetraplegia are rehospitalized after initial
injury. Close to two-thirds of study participants had
been rehospitalized at least once following dischargeT

a
b
le

2
A
v
er
a
g
e
le
n
g
th

o
f
st
a
y
(d
a
y
s)

a
n
d
p
a
y
m
en
ts

(Y
ea
r
2
0
0
0
d
o
ll
a
rs
)
fo
r
re
h
o
sp
it
a
li
za
ti
o
n
s
(N

¼
1
2
0
)

R
ea
so
n
fo
r

re
h
o
sp
it
a
lz
a
ti
o
n

n

L
en
g
th

o
f
re
h
o
sp
it
a
li
za
ti
o
n
(
d
a
y
s)

D
a
il
y
co
st

(
Y
ea
r
2
0
0
0
d
o
ll
a
rs
)

O
ve
ra
ll
co
st

(
Y
ea
r
2
0
0
0
d
o
ll
a
rs
)

M
ea
n

S
D

M
ed
ia
n

R
a
n
g
e

M
ea
n

S
D

M
ed
ia
n

R
a
n
g
e

M
ea
n

S
D

M
ed
ia
n

R
a
n
g
e

D
er
m
a
to
lo
g
y

2
8

2
7
.7

4
2
.6

9
.5

1
–
1
7
4

1
8
2
7

9
8
8

1
6
1
6

7
5
6
–
5
6
0
7

3
5
5
4
2

5
2
7
7
8

1
5
1
4
5

1
6
3
2
–
2
2
0
9
2
1

O
rt
h
o
p
ed
ic
s

2
1

6
.6

7
.2

5
.0

1
–
3
0

6
0
1
8

7
9
9
7

3
3
3
1

7
9
0
–
3
7
1
3
0

2
0
5
5
5

1
7
2
3
3

1
6
1
1
5

3
6
6
5
–
7
9
0
9
3

U
ro
lo
g
y

1
7

6
.3

5
.7

5
.0

1
–
2
5

1
4
2
9

1
0
0
6

1
3
2
9

1
1
2
–
3
5
6
8

7
0
9
9

6
9
9
8

4
3
4
8

3
4
6
–
2
4
9
7
9

C
a
rd
io
-r
es
p
ir
a
to
ry

1
3

8
.2

1
0
.2

6
.0

1
–
4
0

1
4
4
1

6
3
4

1
2
9
2

7
2
1
–
2
5
8
1

1
4
0
0
1

2
5
1
3
8

6
0
6
4

1
7
6
1
–
9
5
9
8
1

S
p
a
st
ic
it
y

1
1

4
.8

4
.3

3
.0

1
–
1
6

2
7
7
1

3
6
2
8

1
7
7
4

6
4
1
–
1
3
4
5
6

1
0
8
4
2

1
0
7
9
0

8
8
6
8

1
2
8
1
–
3
8
2
8
1

G
a
st
ro
in
te
st
in
a
l

6
4
.8

4
.0

3
.5

1
–
1
1

2
6
5
5

1
4
6
0

2
8
3
8

8
1
7
–
4
6
6
6

1
1
1
8
7

1
3
1
6
3

6
5
6
6

4
4
5
8
–
3
7
9
7
2

R
eh
a
b
il
it
a
ti
o
n

4
7
.5

3
.7

7
.5

3
–
1
2

9
1
9

5
6
0

1
0
4
9

1
4
7
–
1
4
3
1

7
4
1
3

6
5
7
8

7
0
5
7

1
0
3
2
–
1
4
5
0
6

P
a
in

m
a
n
a
g
em

en
t

3
2
.7

1
.5

3
.0

1
–
4

2
1
2
1

9
3
4

1
6
1
6

1
5
4
8
–
3
1
9
8

4
7
4
6

1
5
0
0

4
8
4
8

3
1
9
8
–
6
1
9
2

In
fe
ct
io
n

3
6
.0

2
.7

7
.0

3
–
8

1
0
1
9

6
8
5

1
2
3
8

2
5
1
–
1
5
6
8

5
9
8
9

4
3
5
8

8
6
6
3

7
5
4
–
1
2
5
4
2

O
th
er

8
2
.6

1
.9

2
.0

1
–
6

7
1
6
1

1
7
1
8
1

1
2
1
1

1
2
8
–
4
9
6
5
8

9
0
1
8

1
6
5
9
1

3
1
4
6

1
2
8
–
4
9
6
5
8

U
n
k
n
o
w
n

6
7
.7

3
.5

6
.5

4
–
1
4

1
1
1
5

2
7
9

8
9
7

7
5
7
–
1
5
3
8

7
8
5
1

4
3
5
5

5
8
3
4

3
5
1
5
–
1
3
8
4
3

O
v
er
a
ll

1
2
0

1
0
.9

2
2
.7

5
.0

1
–
1
7
4

2
8
6
1

5
8
2
3

1
5
4
3

1
1
2
–
4
9
6
5
8

1
8
2
0
9

3
0
5
9
2

7
4
9
8

1
2
8
–
2
2
0
9
2
1

Rehospitalization following work-related tetraplegia
A Young et al

378

Spinal Cord



from initial rehabilitation. This figure is slightly higher
than the rates that have been reported in the SCI
literature, which range from 26 to 57%. The higher
percentage is likely to be related to the current study’s
focus on people with tetraplegia. Prior studies have
included those with paraplegia, and people with these
lower-level injuries have been found to experience fewer
rehospitalizations.10 One survey-based study that in-
cluded predominately tetraplegia cases (93%) produced
results similar to those of the current study, reporting
that 57% had at least one rehospitalization in the year
prior to the survey.2 Another survey-based study that
reported on those with tetraplegia, found that 41.5% of
those with complete lesions and 35% with incomplete
lesions were rehospitalized the year prior to the survey.10

The lower percentage of rehospitalizations in this group
may be related to limiting the study population to those
who are 3 or more years post injury. Along with
previous research, the current study found a decrease in
the frequency of rehospitalizations over time.11–13

In the first year following injury, the rate of
rehospitalization was highest and the rate either varied
or decreased over time for the different types of
rehospitalizations. The only exceptions to this were for
urology-related rehospitalizations, which increased in
later years. The majority of urology-related illnesses
have the potential to be either prevented or aggressively
managed. With appropriate resource allocation, rehos-
pitalizations might be avoided, and thus the burden of
injury may be reduced.

The average annual length of stay in the current study
(9.2 days) is similar to that reported in previous studies
by Harvey et al,10 and Ivie and DeVivo,13 but lower than
that of Young and Northup.14 Harvey et al reported that
for those with complete tetraplegia, the average number
of days spent in hospital annually was 8.2 days, and for
those with incomplete tetraplegia, the average was 10.6
days.10 Ivie and DeVivo reported an average length of
stay during the year prior to the survey of 11.6 days. A
study by Young and Northup of tetraplegic SCI cases
injured in the mid-1970s found an average length of stay

of 20 and 12 days in Years 2 and 3, respectively. The
shorter length of stay in the current study may be
explained by DeVivo et al’s report that found that length
of stay has decreased over time since the early 1970s.

The annual cost of rehospitalization per study
participant can be compared with the figures of DeVivo
et al,15 who reported the mean annual charges after the
first year postinjury for tetraplegia SCI cases (adjusted
to Year 2000 dollars). The costs in the current study
were lower for the High Tetraplegia group ($11 729
versus $19 583, respectively), but higher for the Low
($18 576 versus $6938) and ASIA D ($4416 versus $2852)
groups. The differences are most likely explained by the
highly skewed cost as reported by others in prior
studies.5,10,12,15 However, further comparisons with the
other studies are difficult to make as the methods,
including the ascertainment of costs and services
included as part of the rehospitalization, varied across
studies. For example, Johnson et al included extended
care and general follow-up services as part of the
rehospitalization costs.12

The current results are similar to those of Young and
Northrup,14 who found that approximately 20% of
those affected by SCI account for 80% of rehospitaliza-
tion resource usage. Unfortunately, the ability to
differentiate these individuals from others based on
demographic characteristics commonly contained within
administrative databases was not possible. Further
research aimed at the early identification of such
individuals may prove useful in terms of identifying
individuals in need of early intervention services.

The current findings are consistent with past research
in that little association was found between demo-
graphic factors and rates of rehospitalization.5,16–18 The
finding that those with an ASIA D-graded impairment
had fewer rehospitalizations is also consistent with past
research.3 For example, Davidoff found that those with
Frankel Grades C and D were less frequently read-
mitted. Although some investigators have found an
association between age and rehospitalization rates,2,19

the current study and others3,5 did not observe this

Table 3 Reasons for rehospitalizations over the 5-year study period

Reason
Year 1
(O¼ 35)

Year 2
(O¼ 33)

Year 3
(O¼ 30)

Year 4
(O¼ 29)

Year 5
(O¼ 33)

Overall
(O¼ 160)

% of all
admissions

Dermatology 5 9 7 2 5 28 23.3
Orthopedics 9 4 2 3 3 21 17.5
Urology 1 2 2 5 7 17 14.2
Cardio-respiratory 3 3 3 0 4 13 10.8
Spasticity 2 4 3 1 1 11 9.2
Gastrointestinal 2 1 2 1 0 6 5.0
Rehabilitation 1 0 1 0 2 4 3.3
Pain management 1 1 0 0 1 3 2.5
Infection 2 0 1 0 0 3 2.5
Other 3 1 1 1 2 8 6.7
Unknown 0 0 2 4 0 6 5.0
Total 29 25 24 17 25 120 100.0

O¼ years of data
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effect. Consistent with past research, gender was found
to have no impact on rehospitalization rates.

Although Anson and Shepard found that persons
attending outreach clinics (typically people who lived
in small towns and remote areas) had more medical
problems than those in metropolitan areas,20 the current
findings did not indicate that people residing in
nonmetropolitan areas are more likely to be rehospita-
lized. If anything, there was a trend towards those in
nonmetropolitan areas to be less likely to be rehospita-
lized. An analysis of all medical problems is beyond the
scope of this study; however, current findings suggest
that the greater number of health problems experienced
by nonmetropolitan residents does not result in a greater
frequency of rehospitalization. One possible explanation
for this may be found in the way services are delivered.
Often outreach services are offered only at scheduled
times. This may mean that those with SCI in rural areas
are more likely to attend clinics when they are available
and have their medical problems diagnosed and treated
earlier, meaning that their health does not deteriorate to
the extent where rehospitalization is required. Further
research into the impact of living in a rural setting on
health care behaviors may prove insightful with regard
to maintained health and managing medical problems so
that they do not result in rehospitalization.

Although this study focused on those with tetraplegia,
the observed average length of stay per rehospitalization
(ie, 10.9 days) is consistent with findings from the
majority of past similar research, which has investigated
all types of SCI: reported lengths of stay include
11.9,5 11.1,19 12.3,3 and 13.7 days.15 An exception is
the 1985 work of Meyers et al, which found that the
average length of stay was 34.7 days.2 An explanation
for this disparity may be the sampling procedure used in
that participants in the Meyers 1985 study were all
clients of independent living centers and all wheelchair
users. An explanation for why the currently observed
lengths of stay tend to be shorter may be found in
DeVivo’s (1991) report indicating that hospital stays are
shortening: in 1980, the average length of stay was 15.5
days whereas in 1988 it was 11.7 days.11 This is not
contradicted by Middleton et al’s most recent study
(2004), which reported the average length of stay to be
15.5 days as the data they present dates back to 1989.21

The current finding that the most common rehospi-
talizations were for dermatology, orthopedic, urological
and cardio-respiratory reasons is consistent with past
research.3,6,21,22 One difference, however, was in the rate
of rehospitalization for dermatological reasons (23% of
all rehospitalizations), which was higher than that
reported in most studies, for example, 3,6 9,21 and
17%.3 In these studies, the rate of rehospitalization for
urological reasons was higher than that currently
observed: 43,6 24,21 and 41%3 with the current figure
being 14%. As these three studies came from Common-
wealth countries, it may be possible that differences
reflect differences in treatment practices. Support for
this contention can be found in the fact that two of these
studies report a mean length of stay well in excess of the

current figures: 5121 and 78 days6 versus the current
finding of 28 days. While the current percentage of total
rehospitalization is somewhat higher, the finding that
dermatologically related rehospitalizations account for
a disproportionate amount of the hospitalized days and
monies spent has been found by other researchers. Few
researchers have reported rehospitalization cost detail.
Davidoff et al’s report that the average cost per
readmission was $96835 is substantially lower than that
currently observed; however, adjusting the reported
figure to Year 2000 dollars brings it more in line with
current findings: $16 945 versus $18 209.

Of the studies that have investigated rehospitaliza-
tions following SCI, only two, Davidoff5 and Perhouse,4

have differentiated between preventable and nonpreven-
table cases. Although different criteria were applied,
results of these studies suggest that between 9%4 and
34%5 of SCI-related rehospitalizations were potentially
preventable. In the Perhouse study, this figure increases
to 18% if urinary tract infections are classified as
potentially preventable, as was the case in the Davidoff
study. Perhouse et al noted that the identification of
preventable rehospitalization relies heavily upon the
opinion of medical professionals. This highlights the
subjectivity involved with the classification of poten-
tially preventable rehospitalizations and the reliability
problems that are to be expected when judgments are
made without standardized definitions of ‘preventable’.

The current study employed the same definition of
‘preventable’ as was employed by Davidoff, with the
addition of deep vein thrombosis (DVT). Had Davidoff
et al included rehospitalization for DVT as preventable,
49% of their rehospitalizations would have been
classified as preventable – very similar to the current
findings (ie, 47%). Had Perhouse et al included
rehospitalizations for DVT, urinary tract infections
and indwelling catheter complications as potentially
preventable, their figure would have been 27% and these
potentially preventable rehospitalizations would have
accounted for 43% of the total days rehospitalized.

The finding that 74% of days rehospitalized and 64%
of monies spent on rehospitalization had the potential
to be prevented suggests that much can be done to
reduce the burden of SCI. Although Johnson23 sug-
gested targeting the most frequently reported body
systems (ie, urological, skin, pain, gastrointestinal) and
the most expensive (neurological, skin, respiratory,
orthopedic) for intervention, it would seem that it
would also be important to target rehospitalizations that
are longest in duration and that have the potential to be
prevented. Based on the current findings, it may be
suggested that, both in terms of reducing the number of
days in hospital and the monies spent on rehospitaliza-
tion, dermatologically related rehospitalizations hold
the greatest potential for reducing the burden of injury.

Despite the number of studies that have attempted to
determine risk factors for pressure sores, consistent with
the current research, few significant associations have
been observed. Although Middleton et al21 did recently
report that pressure sores were more common in the
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younger patients, this was not replicated in this research.
Current findings do, however, suggest that those with
ASIA D-graded impairments are less in need of services
aimed at preventing rehospitalizations, and although the
percentage of preventable rehospitalizations is lower in
the first year of injury, absolute numbers suggest that
intervention services are as appropriate in the first year
of injury as they are in later years.

The current lack of observed association between
demographic factors and readmission adds support to
the contention that psychosocial factors may play an
influential role in the occurrence of pressure sores.17,18,24

Owing to cost cutting throughout the health sector, the
amount of time people are in rehabilitation after an SCI
has declined.1 Current rehabilitation strategies aim to
minimize disability with therapies focused on physical
restoration and function. A limitation of this approach
to the rehabilitation of people with SCI is the over-
whelming focus on outcomes, such as physical indepen-
dence, at the expense of other important areas such as
cognitive styles developed by specialized psychosocial
interventions.1 Psychosocial interventions may poten-
tially minimize the occurrence of secondary conditions
and rehospitalization following discharge from rehabi-
litation. The psychosocial rehabilitation model is a
holistic approach based on the promotion of behavioral
and psychological adaptation to living with SCI.
Interventions involved with psychosocial-based rehabi-
litation typically include problem-solving skills training,
social skills training, recreation therapy and health
promotion education. The integration of psychosocial
interventions into the rehabilitation of people after SCI
may potentially reduce the rate of rehospitalization.

Strengths, limitations and further research
This study adds to the understanding of the reasons for
rehospitalization following tetraplegia through its use of
workers’ compensation data. As the workers’ compen-
sation provider’s coverage is continuous and compre-
hensive for all SCI-related care, virtually all associated
costs and lengths of stay were available for analysis. The
current study advances on the past research through the
inclusion of new detailed information on costs and
length of stay broken down by various demographic
characteristics. However, the small sample size means
that any conclusions drawn regarding the likely cost of
particular types of admissions can only be tentative. In
addition, the study was limited by its dependence on
administrative data, meaning that only a limited
investigation of risk factors for rehospitalization could
be undertaken. Further research looking more specifi-
cally into individuals’ psychosocial characteristics and
health care practices may be more successful at
identifying risk factors for rehospitalization. The study
was also limited by its ability to separate ‘preventable’
from ‘nonpreventable’ rehospitalizations, for in a few
cases, the available information lacked sufficient detail
for such a conclusion to be drawn. With further detail,
the percentage of preventable rehospitalization may

have been found to be higher. Further studies involving
interviews with patients and their health care providers
might overcome this problem.

The generalizability of the current findings to all
persons with tetraplegia remains to be determined.
Although the participating insurer accounts for 8–10%
of the private workers’ compensation market share, the
extent to which the insurer represents all industries and
occupations is not known. Regarding the reported cost
of rehospitalization, it should be noted that the figures
presented did not include the cost of outpatient follow-
up care or medications and supplies; thus, it is likely that
the reported figures substantially under-represent the
total expenditure associated with rehospitalization.

Conclusion

Although the physiologic changes resulting from SCI
have been found to increase lifelong susceptibility to
health problems, hospital readmission is not a necessary
consequence of living with SCI. Secondary health
problems are usually a precursor to hospital readmission
for people with SCI. As such, the prevention of these
conditions is central to addressing the issue of rates of
rehospitalization. Further investigation into strategies
that can be used to prevent rehospitalization is funda-
mental to improving outcomes for people with SCI.
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