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Abstract

Objectives: To determine the rates of emergency department (ED) visits and inpatient 

hospitalizations for genitourinary (GU) complications after spinal cord injury (SCI) using a 

national sample; to examine which patient and facility factors are associated with inhospital 

mortality; and to estimate direct medical costs of GU complications after SCI.

Design: Retrospective cross-sectional and cost analysis of the 2006 to 2015 National Inpatient 

Sample and National Emergency Department Sample from the Healthcare Cost and Utilization 

Project.

Participants: SCI-related encounters using various International Classification of Disease, Ninth 

Edition, Clinical Modification diagnosis codes. The inpatient sample included 1,796,624 

hospitalizations, and the ED sample included 618,118 treat-and-release visits.

Main Outcome Measures: The exposure included a GU complication, identified by 

International Classification of Disease, Ninth Edition, Clinical Modification codes 590–599. The 
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outcomes then included an ED visit or hospitalization, death prior to discharge, and direct medical 

costs estimated from reported hospital charges.

Results: For the inpatient sample, we observed a 2.5% annual increase (95% confidence interval 

[CI], 1.8–3.2) in the proportion of SCI-related hospitalizations with any GU complication from 

2006 to 2011, and a lesser rate of increase of 0.9% (95% CI, 0.4–1.4) each year from 2011 to 

2015. Age, level of injury, and payer source were correlated to inhospital mortality. The costs of 

GU-related health care use exceeded $4 billion over the study period.

Conclusions: This study shows the rates and economic burden of health care use associated 

with GU complications in persons with SCI in the United States. The need to develop strategies to 

effectively deliver health care to the SCI population for these conditions remains great.
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Spinal cord injury (SCI) affects approximately 54 people per 1 million in the United States, 

or about 17,700 new SCI cases each year. There are currently an estimated 288,000 people 

living with an SCI in the United States.1 Neurogenic bladder is a common secondary 

condition after SCI, and the associated pathophysio-logical changes render persons with SCI 

susceptible to urinary tract infections (UTI) and other genitourinary (GU) complications.2 It 

has been well documented that GU complications are the most common reasons for health 

care utilization among patients with SCI.3,4 Previous studies have highlighted the morbidity 

and mortality of GU complications in the SCI population.5

Gaps in knowledge about the full scope of GU complications after SCI remain. Many 

previous studies obtained data from either the SCI Model Systems Database or the Veterans 

Health Administration (VHA). The SCI Model Systems Database is a network of 13 SCI 

centers across the country, sponsored by the National Institute on Disability, Independent 

Living, and Rehabilitation Research, Administration for Community Living, U.S. 

Department of Health and Human Services. However, only a subset of persons with SCI are 

treated at a Model Systems facility. The VHA dedicates an entire system of care to people 

with SCI, but represents a subpopulation restricted to veterans. There are inherent racial, 

ethnic, sex, and psychosocial differences in veterans that seek care with the VHA as 

compared to even the general veteran population.6–8 We do not have clear understanding 

how the rates of health care encounters associated with GU complications are changing over 

time among patients with SCI, nor the economic burden of these encounters. We also lack 

data on patient or facility factors that may be associated with the rate of health care use 

associated with GU complications, and the subsequent mortality. The objective of this study 

is to provide a comprehensive view of the burden (including costs) of inpatient and 

emergency department (ED) health care encounters associated with GU complications 

among a nationally-representative group of patients with SCI in the United States. We 

conducted a retrospective analysis of inpatient hospitalization and treat-and-release ED visits 

using 10 years of data from the National Inpatient Sample (NIS) and Nationwide Emergency 

Department Sample (NEDS), both developed for the Healthcare Cost and Utilization Project 

(HCUP) that is sponsored by the Agency for Healthcare Research and Quality. Both the NIS 
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and NEDS are the largest all-payer, publicly available databases of inpatient hospitalization 

stays and hospital-based ED visits, respectively, in the United States. These HCUP databases 

will provide the appropriate data to address these gaps.

Methods

Design, settings, participants

Briefly, the NIS contains clinical (eg, diagnoses, procedures, length of stay, inhospital death) 

and nonclinical (eg, sociodemo-graphics) data from more than 7 million hospitalizations 

annually (35 million when weighted), and approximates a 20% stratified sample of all 

United States nonfederal, nonrehabilitation, short-term community hospitals.9,10 Prior to 

2012, participating hospitals were stratified by bed size, ownership, teaching status, urban or 

rural location, and United States census region, and a 2-stage cluster sampling design first 

selected hospitals as the primary sampling units, and subsequently included all inpatient 

hospitalizations from the selected hospitals in the final annually-compiled NIS database.9,10 

Beginning in 2012, the NIS sampling strategy was modified to select 20% of 

hospitalizations from all participating hospitals. Our analysis incorporates information 

provided in HCUP-supplied NIS-Trends files to ensure that sampling weights and data 

elements were defined consistently over time despite the change in sampling design.

The NEDS contains similar patient and facility-level information as the NIS, and is 

commonly used to create national and regional estimates of ED care. Unweighted, the 

NEDS contains data from approximately 31 million ED visits each year; weighted, it 

estimates roughly 143 million ED visits.11 Both databases provide discharge-level data 

without identifiers permitting the linkage of encounters for the same patient; therefore, 

analyses of the NIS and NEDS result in per-encounter (inpatient admission or ED visit), as 

opposed to per-patient, results.

Each encounter in the NIS and NEDS contains a principal diagnosis code field, and several 

secondary diagnosis code fields (up to 29 beginning in 2014), documented using 

International Classification of Diseases, Ninth Edition, Clinical Modification codes. 

Encounters for patients who are not pregnant and 18 to 80 years of age with SCI were 

identified using any principal or secondary diagnosis code in the following ranges: (1) 

fracture of vertebral column with SCI (806.xx); (2) SCI without evidence of spinal bone 

injury (952.xx); (3) quadriplegia and quadraparesis (344.0x); (4) paraplegia (344.1); and (5) 

cauda equina syndrome (344.6x). To enhance the clinical utility of these data, specific 

diagnosis codes reflective of injury level or the resulting paralysis in a hierarchical fashion, 

resulting in 4 mutually-exclusive groups: (1) cervical, quadriplegia; (2) thoracic, lumbar, 

sacral, paraplegia; (3) cauda equina; and (4) other SCI. We then identified encounters with 

an associated GU complication by scanning for the presence of diagnosis codes in the 

590.00 to 599.9 code range. We analyzed GU complications both as a whole (1 or more 

diagnosis code in this range), as well as specific GU complications: (1) infections of kidney 

(590.xx); (2) hydronephrosis (591); (3) calculus of kidney and ureter (592.xx); (4) other 

disorders of kidney and ureter (593.xx); (5) calculus of lower urinary tract (594.xx); (6) 

cystitis (595.xx); (7) other disorders of bladder (596.xx); (8) urethritis not sexually 

transmitted and urethral syndrome (597.xx); (9) urethral stricture (598.xx); and (10) other 
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disorders of urethra and urinary tract (599.xx, which includes UTI). We then included other 

patient characteristics— age, sex, race or ethnicity (only available in the NIS), and payer 

source— as well as hospital region, size, and type.

Despite being compiled using separate sampling strategies, the NIS and NEDS have 

potentially overlapping samples. The NEDS includes both treat-and-release ED visits and 

ED visits that subsequently result in inpatient admission, the latter is part of the sampling 

frame for the NIS. Therefore, in the absence of patient identifiers, to ensure a comprehensive 

but nonoverlapping analytic database using both NIS and NEDS data, we selected from the 

NEDS only ED visits that resulted in the patient being treated and released or in which the 

patient died in the ED. Those ED visits in which the patient was admitted to the same 

hospital, transferred to another hospital, or in which the destination was unknown were 

excluded due to the possibility of also being captured in the NIS.

Our primary study outcomes were the frequency and temporal trends in rates of GU 

complications, and the impact of GU complications (when documented as the principal 

diagnosis versus a secondary diagnosis) on inhospital mortality, length of stay, and the direct 

costs of medical care from the provider perspective. We estimated costs from total 

encounter-level charges reported in the HCUP databases. Unadjusted charges can be a 

misleading reflection of cost because the markup from the cost for the hospital to provide 

services to what is ultimately charged can vary substantially across hospitals, among 

different departments or service units within the same hospital, and over time.12 Therefore, 

to obtain a more accurate estimate of actual cost, we adjusted total charges per year and 

hospital-specific cost-to-charge ratio (CCR) obtained from HCUP. When a specific CCR 

was not available for a hospital, we used a group-average CCR for that hospital based on 

other hospitals with similar characteristics (location, bed size, ownership, teaching status). 

We then accounted for inflation by adjusting estimates to 2015 dollars using the medical 

care component of the Consumer Price Index.13 It is important to note that HCUP does not 

supply or publish CCR data for the NEDS and the lack of hospital identifiers prevents 

linking to inpatient CCR for the same hospital. Therefore, in a process described by Peterson 

et al,14 we first calculated the average inpatient CCR from hospitals with SCI 

hospitalizations. We then calculated the mean CCR across hospitals by year, region, urban or 

rural designation, and teaching status, and applied those inpatient SCI-related CCRs to ED 

visits occurring at hospitals with the same characteristics.

Analysis

We used descriptive statistics including frequencies, percentages, and rates to assess 

characteristics of inpatient hospitalizations and treat-and-release ED visits among patients 

18 to 80 years of age with SCI, stratified by type of encounter and neurologic level of injury. 

Log-binomial regression was used to estimate prevalence ratios and 95% confidence 

intervals (CIs) representing the association between various patient and hospital 

characteristics and the likelihood of (1) GU complications and (2) inhospital mortality. We 

developed separate models for inpatient and treat-and-release ED encounters, with covariate 

selection based on the literature, data availability, and empirical bivariate analyses. Then, we 

estimated the average annual direct medical costs of care of inpatient hospitalizations and 
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treat-and-release ED visits among patients 18 to 80 years with SCI, stratified by type of 

encounter and presence of any GU complications.

Joinpoint regression was used to estimate and characterize temporal trends in the annual 

proportion of inpatient hospitalizations and treat-and-release ED visits for SCI that were 

associated with 1 or more GU complications. Joinpoint regression is a statistical approach 

that is effective in identifying changes in the rates of events over time. It does so by first 

fitting annual rate data to a straight line, assuming no joinpoints and that a single trend best 

reflects rates from 2006 to 2015.15 Then, in an iterative fashion, joinpoints are one-at-a-time 

added to the model, and a Monte Carlo permutation test is used to determine whether each 

joinpoint improves model fit; if so, the joinpoint is incorporated. When an optimal number 

of joinpoints is specified in the final model, each corresponds to a statistically significant 

change (increase or decrease) in the temporal trend, and how the rate changes within that 

time interval is described using the annual percent change.

Statistical analyses were performed with SAS version 9.4,a Stata MP 13.1,b and the 

Joinpoint Regression Program, version 4.1.1.3.c This study was deemed exempt by the 

Baylor College of Medicine Institutional Review Board, as data in the NIS and NEDS are 

deidentified and publicly available, thus not meeting the definition of human subject 

research.

Results

Our analysis included nearly 1.8 million hospitalizations and over 618,000 treat-and-release 

ED visits among people with SCI during the 10-year study period. Table 1 shows basic 

sociodemographic information for the patients with SCI in the inpatient and ED samples, 

respectively, as well as the rates of GU complication during the encounter, stratified by 

neurologic level of injury. Most inpatient encounters were for male patients (57%–70%) and 

patients who were non-Hispanic white (54%–64%). Patients hospitalized tended to be 

slightly older than patients treated and released from the ED, and there were statistically 

significant differences in the mean age among those classified to the “other SCI” group in 

both samples (P<.01). Medicare was the most common payer source for every group except 

the “other SCI” group, where private insurance was more common (P<.01). Overall, the 

most common principal diagnoses associated with inpatient SCI-related hospitalizations 

were septicemia (13.4%), rehabilitation care (6.8%), and UTIs (6.7%). For SCI-related ED 

visits, the most common diagnoses were UTI (16.7%), genitourinary symptoms and ill-

defined conditions (4.7%), and complication of a medical device, implant, or graft (4.7%); 

(data not shown). A GU complication was documented as the primary diagnosis in 8.2% and 

18.7% of all SCI-related inpatient hospitalizations and ED visits, respectively. However, a 

GU complication among all linked diagnoses other than primary occurred in more than half 

of inpatient and more than one-third of ED visits. “Other disorders of the urinary tract” 

(which include UTIs) were the most prevalent GU complication subtype across all 

neurologic levels.

a.SAS 9.4; SAS Institute, Inc.
b.Stata/MP 13.1; StataCorp LP.
c.Joinpoint Regression Program version 4.1.1.3; National Cancer Institute.
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Figure 1 shows temporal trends in rates of inpatient hospitalizations and treat-and-release 

ED visits with GU complications as the principal diagnosis, and separately as any diagnosis. 

Figure 1A shows the proportion of hospitalizations for which the GU complication was 

listed as the principal diagnosis decreased 2.7% each year between 2006 and 2012, and 

decreased 6.5% each year from 2012 to 2015. There was a small, consistent 1.5% annual 

increase in the GU complication rate among ED visits, but no temporal changes in the 

proportion of SCI-related ED visits for which the GU complication was the principal 

diagnosis. For encounters where a GU complication is listed as any diagnosis (fig 1B), 

however, we observed a 2.5% annual increase (95% CI, 1.8–3.2) in the proportion of SCI-

related hospitalizations with any GU complication from 2006 to 2011, and a lesser rate of 

increase of 0.9% (95% CI, 0.4–1.4) each year from 2011 to 2015.

Table 2 shows the results of the log-binomial regression analysis exploring the associations 

of patient and hospital characteristics to mortality prior to discharge in the inpatient and ED 

setting. Persons with cervical injuries or quadriplegia, compared to those with paraplegia or 

lower level injuries were 72% (95% CI, 1.65–1.78) more likely to die during an inpatient 

admission, and twice as likely to die (prevalence ratio=1.98; 95% CI, 1.67–2.35) during an 

ED visit. Age was directly associated with inhospital mortality, with persons with SCI age 

55 to 80 years being more than twice as likely to die as those aged 18 to 24 years. Those 

with “other” payer source, which included the uninsured and underinsured, were 25% more 

likely to die during an inpatient admission (95% CI, 1.17–1.35), and 67% more likely to die 

during an ED visit (95% CI, 1.24–2.25) than those with private insurance.

Figure 2 shows the average annual direct medical costs of care of inpatient hospitalizations 

and treat-and-release ED visits among patients 18 to 80 years of age with SCI in the United 

States, stratified by type of encounter and presence of any GU complications. Overall, 

annual costs associated with SCI hospitalizations and ED visits were approximately $4.3 

billion, with 60.6% and 37.2% coming from inpatient hospitalizations in which the 

admission source was the ED or another location, respectively, and 2.2% resulting from 

treat-and-release ED visits. Approximately half of all SCI-related costs nationally were 

associated with encounters during which a GU complication was present.

Discussion

In the HCUP database we found that infections (including UTIs) and other GU 

complications are the most common reasons people with SCI present to the ED and are 

hospitalized. The demographically representative person with SCI for our cohort is a non-

Hispanic white man in his 40s to 50s, with Medicare as the primary payer source. GU 

complications as a primary diagnosis are more common in ED visits than inpatient visits, but 

as any diagnosis are more common in persons with SCI that are hospitalized as compared to 

those seen in the ED. As a primary diagnosis, the rates of GU complications among persons 

with SCI presenting for care are minimally decreasing, but the rates of GU complications as 

any diagnosis are increasing at a significant rate. Age, neurologic level of injury, and payer 

source significantly influence mortality during encounters associated with GU 

complications. ED-to-inpatient encounters among persons with SCI account for most of 
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health care costs, with encounters associated with GU complications accounting for nearly 

half of the total costs.

Our findings confirm GU infections and other GU complications are the most common 

reasons for ED and inpatient health care use in persons with SCI, which has been seen in 

previous studies.3,4 Our demographic distribution varies in some respects from the most 

recent SCI Model System data; our sample is older, less predominantly male (but still male 

majority), and paraplegia is more common.1 The ethnic distribution for the inpatient sample 

is similar to what is seen in the SCI Model Systems Database, however. The demographic 

findings of Skelton et al16 in a veteran cohort with SCI found a sample older and more 

predominantly male than the cohort of the current study, but with similar ethnic breakdowns. 

Therefore, age and sex differ in the broad, national sample of the current study, but the 

ethnic breakdown is similar in all the studies. GU complication as a primary diagnosis could 

be a rough estimate of incidence of these conditions, while a GU complication as any 

diagnosis roughly estimates the prevalence. It makes sense, then, that the prevalence of a 

person having a GU complication is high, because persons with SCI are living longer. The 

incidence of GU conditions in SCI is essentially static, however, likely related to the recent 

focus on minimizing the incidence, diagnosis, and subsequent treatment of GU 

complications such as catheter-associated UTI.17–19 Interestingly, the decrease in the rates of 

GU complications listed as the principal diagnosis for inpatient hospitalizations around 2011 

to 2012 correlates closely to the implementation of nationwide initiatives to reduce the rates 

of catheter-associated UTI, and the hospital reimbursement penalties that came along with 

them.20,21 It is relatively intuitive that age and more rostral neurogenic level of injury would 

be significantly associated with mortality during a health care encounter for persons with 

SCI, as well as the fact that ED-to-inpatient encounters are the most costly, given the 

multiple settings and providers involved in this type of care transition.

Study limitations

These strengths of this study include the large, nationwide sample size and length of study. 

However, there are inherent drawbacks to using a large administrative database. The 

accuracy of coding cannot be confirmed via chart review. More detailed info on level of 

injury was unavailable, thus the neurogenic level of injury groups created were relatively 

heterogeneous. There was no information about patient signs and symptoms available to 

confirm the diagnosis of GU complications, nor was there the ability to confirm how the 

patient managed their bladder (ie, spontaneous void, indwelling catheter, intermittent 

catheterization, etc) which some studies have shown may influence the rates of GU 

complications after SCI. Last, the national databases used in this study are cross-sectional 

and lack patient identifiers that would facilitate investigation of readmissions, repeat ED 

encounters, or other longer-term outcomes among patients with SCI.

Conclusion

In conclusion, the economic burden of health care encounters associated with GU 

complications is staggering, indicating that interventions to reduce GU complications remain 

a high value target to decrease costs and improve quality. Future directions include reducing 
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the burden of GU complications for patients and payers by impalementation of SCI-specific 

best practices to prevent GU infections and other GU complications, including improving 

the diagnostic accuracy of UTI (as opposed to chronic asymptomatic colonization).
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Fig 1. 
Temporal trends in the proportion of inpatient hospitalizations and treat-and-release ED 

visits associated with GU complications among patients with SCI, 2006 to 2015. NOTE. The 

Y-axis represents the proportion (%) of encounters for SCIs that had an indication of 1or 

more GU complications. APC is expressed as the point estimate and 95% CI. The top panel 

(A) represents consideration of GU complications only when documented as a principal 

diagnosis; the bottom panel (B) considers GU complications when documented as any 

diagnosis made during the medical encounter. Abbreviation: APC, annual percent change. 

*Statistically significant finding.
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Fig 2. 
Average annual direct medical costs of care of inpatient hospitalizations and treat-and-

release ED visits among patients 18 to 80 years of age with SCI, stratified by type of 

encounter and presence of any GU complications. NOTE. Costs are expressed as millions 

(M) or billions (B) of 2015 United States dollars.

Skelton et al. Page 11

Arch Phys Med Rehabil. Author manuscript; available in PMC 2020 September 21.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Skelton et al. Page 12

Ta
b

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 in

pa
tie

nt
 h

os
pi

ta
liz

at
io

ns
 a

nd
 tr

ea
t-

an
d-

re
le

as
e 

em
er

ge
nc

y 
de

pa
rt

m
en

t v
is

its
 a

m
on

g 
pa

tie
nt

s 
w

ith
 s

pi
na

l c
or

d 
in

ju
ry

, 2
00

6–
20

15

C
ha

ra
ct

er
is

ti
c

In
pa

ti
en

t 
H

os
pi

ta
liz

at
io

ns
T

re
at

-a
nd

-R
el

ea
se

 E
D

 V
is

it
s

C
er

vi
ca

l, 
Q

ua
dr

ip
le

gi
a 

(n
=6

90
,7

42
)

T
ho

ra
ci

c,
 

L
um

ba
r,

 S
ac

ra
l, 

P
ar

ap
le

gi
a 

(n
=9

67
,2

73
)

C
au

da
 E

qu
in

a 
(n

=1
30

,9
88

)
O

th
er

 
(n

=7
62

1)

C
er

vi
ca

l, 
Q

ua
dr

ip
le

gi
a 

(n
=1

97
,1

47
)

T
ho

ra
ci

c,
 

L
um

ba
r,

 S
ac

ra
l, 

P
ar

ap
le

gi
a 

(n
=3

98
,4

24
)

C
au

da
 E

qu
in

a 
(n

=1
4,

00
4)

O
th

er
 

(n
=8

54
3)

A
ge

 (
y)

, m
ea

n 
±

 S
D

51
±

33
52

±
34

54
±

35
49

±
38

46
±

31
45

±
31

47
±

34
44

±
33

E
th

ni
ci

ty
, (

%
)

 
N

on
-H

is
pa

ni
c 

w
hi

te
54

.6
54

.0
63

.8
55

.2
*

*
*

*

 
N

on
-H

is
pa

ni
c 

bl
ac

k
18

.5
20

.6
10

.5
15

.3
*

*
*

*

 
H

is
pa

ni
c

7.
9

8.
8

8.
0

10
.5

*
*

*
*

 
O

th
er

5.
2

4.
5

5.
0

4.
5

*
*

*
*

Se
x,

 (
%

) 
m

al
e

70
.3

66
.3

56
.6

69
.2

75
.1

72
.1

50
.6

64
.7

Pa
ye

r 
so

ur
ce

, (
%

)

 
M

ed
ic

ar
e

51
.2

52
.8

39
.5

30
.6

52
.5

46
.0

34
.6

21
.6

 
M

ed
ic

ai
d

20
.8

22
.1

13
.7

14
.2

26
.2

32
.2

22
.7

18
.0

 
Pr

iv
at

e
20

.7
18

.4
34

.8
32

.9
14

.6
13

.4
24

.7
33

.7

 
O

th
er

7.
3

6.
7

12
.1

22
.4

6.
7

8.
4

17
.9

26
.7

A
ny

 G
U

 c
om

pl
ic

at
io

n,
 p

ri
nc

ip
al

 
di

ag
no

si
s,

 (
%

)
7.

7
9.

3
3.

3
3.

0
18

.6
19

.4
9.

8
5.

3

A
ny

 G
U

 c
om

pl
ic

at
io

n,
 a

ny
 

di
ag

no
si

s,
 (

%
)

52
.7

56
.6

25
.4

20
.9

34
.5

34
.3

17
.5

10
.1

Sp
ec

if
ic

 G
U

 c
om

pl
ic

at
io

ns
, r

at
e 

pe
r 

10
00

†,
 ‡

 
In

fe
ct

io
n 

of
 k

id
ne

y
6.

6
13

.0
5.

3
3.

7
6.

3
11

.1
8.

6
6.

4

 
H

yd
ro

ne
ph

ro
si

s
<

1.
0

<
1.

0
<

1.
0

<
1.

0
<

1.
0

<
1.

0
<

1.
0

<
1.

0

 
K

id
ne

y/
ur

et
er

 s
to

ne
7.

0
5.

7
1.

9
<

1.
0

3.
1

2.
8

5
1.

5

 
O

th
er

 d
is

or
de

r 
of

 k
id

ne
y 

or
 

ur
et

er
<

1.
0

<
1.

0
<

1.
0

<
1.

0
<

1.
0

<
1.

0
<

1.
0

<
1.

0

 
L

ow
er

 u
ri

na
ry

 tr
ac

t s
to

ne
1.

1
1.

0
<

1.
0

1.
3

<
1.

0
<

1.
0

<
1.

0
<

1.
0

 
C

ys
tit

is
2.

3
2.

8
1.

5
<

1.
0

7.
9

10
.1

3.
6

3.
0

 
O

th
er

 d
is

or
de

r 
of

 b
la

dd
er

4.
8

5.
4

0.
7

3.
2

5.
6

4.
4

3.
0

<
1.

0

 
U

re
th

ri
tis

, n
ot

 S
T

I
<

1.
0

<
1.

0
<

1.
0

<
1.

0
<

1.
0

<
1.

0
<

1.
0

<
1.

0

Arch Phys Med Rehabil. Author manuscript; available in PMC 2020 September 21.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Skelton et al. Page 13

C
ha

ra
ct

er
is

ti
c

In
pa

ti
en

t 
H

os
pi

ta
liz

at
io

ns
T

re
at

-a
nd

-R
el

ea
se

 E
D

 V
is

it
s

C
er

vi
ca

l, 
Q

ua
dr

ip
le

gi
a 

(n
=6

90
,7

42
)

T
ho

ra
ci

c,
 

L
um

ba
r,

 S
ac

ra
l, 

P
ar

ap
le

gi
a 

(n
=9

67
,2

73
)

C
au

da
 E

qu
in

a 
(n

=1
30

,9
88

)
O

th
er

 
(n

=7
62

1)

C
er

vi
ca

l, 
Q

ua
dr

ip
le

gi
a 

(n
=1

97
,1

47
)

T
ho

ra
ci

c,
 

L
um

ba
r,

 S
ac

ra
l, 

P
ar

ap
le

gi
a 

(n
=3

98
,4

24
)

C
au

da
 E

qu
in

a 
(n

=1
4,

00
4)

O
th

er
 

(n
=8

54
3)

 
U

re
th

ra
l s

tr
ic

tu
re

<
1.

0
<

1.
0

<
1.

0
<

1.
0

<
1.

0
<

1.
0

<
1.

0
<

1.
0

 
O

th
er

 d
is

or
de

rs
 o

f 
ur

in
ar

y 
tr

ac
t

53
.9

63
.4

21
.2

19
.9

16
.1

16
.4

7.
6

4.
2

A
bb

re
vi

at
io

n:
 S

T
I,

 s
ex

ua
lly

 tr
an

sm
itt

ed
 in

fe
ct

io
n.

* Pa
tie

nt
 r

ac
e/

et
hn

ic
ity

 is
 n

ot
 a

va
ila

bl
e 

in
 th

e 
N

E
D

S,
 f

ro
m

 w
hi

ch
 in

fo
rm

at
io

n 
on

 tr
ea

t-
an

d-
re

le
as

e 
E

D
 v

is
its

 w
as

 e
xt

ra
ct

ed
.

† H
os

pi
ta

liz
at

io
ns

 f
or

 p
at

ie
nt

s 
w

ith
 m

or
e 

th
an

 1
 s

pe
ci

fi
c 

ty
pe

 o
f 

G
U

 c
om

pl
ic

at
io

n 
di

ag
no

se
d 

w
er

e 
co

un
te

d 
in

 e
ac

h 
G

U
 s

ub
gr

ou
p.

‡ Su
bg

ro
up

s 
w

ith
 a

 c
om

pl
ic

at
io

n 
ra

te
 o

f 
le

ss
 th

an
 1

 p
er

 1
00

0 
ho

sp
ita

liz
at

io
ns

 w
er

e 
ex

pr
es

se
d 

as
 <

1.
0.

Arch Phys Med Rehabil. Author manuscript; available in PMC 2020 September 21.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Skelton et al. Page 14

Ta
b

le
 2

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
pa

tie
nt

 a
nd

 h
os

pi
ta

l c
ha

ra
ct

er
is

tic
s,

 a
nd

 m
or

ta
lit

y 
pr

io
r 

to
 d

is
ch

ar
ge

, a
m

on
g 

pa
tie

nt
s 

w
ith

 S
C

I,
 2

00
6–

20
15

M
or

ta
lit

y 
P

ri
or

 t
o 

D
is

ch
ar

ge

In
pa

ti
en

t 
H

os
pi

ta
liz

at
io

ns
 A

dj
us

te
d 

P
R

, 9
5%

 C
I

T
re

at
-a

nd
-R

el
ea

se
 E

D
 V

is
it

s 
A

dj
us

te
d 

P
R

, 9
5%

 C
I

In
ju

ry
 ty

pe

 
C

er
vi

ca
l/q

ua
dr

ip
le

gi
a

1.
72

 (
1.

65
–1

.7
8)

1.
98

 (
1.

67
–2

.3
5)

 
T

ho
ra

ci
c,

 lu
m

ba
r, 

sa
cr

al
/p

ar
ap

le
gi

a
1.

00
1.

00

 
C

au
da

 e
qu

in
a

0.
50

 (
0.

45
–0

.5
6)

0.
56

 (
0.

26
–1

.2
1)

Se
x

 
M

al
e

1.
00

1.
00

 
Fe

m
al

e
1.

04
 (

1.
00

–1
.0

7)
1.

09
 (

0.
91

–1
.3

1)

A
ge

 
18

–2
4

1.
00

1.
00

 
25

–3
4

0.
81

 (
0.

71
–0

.9
2)

0.
65

 (
0.

44
–0

.9
7)

 
35

–4
4

1.
01

 (
0.

90
–1

.1
4)

0.
68

 (
0.

46
–1

.0
1)

 
45

–5
4

1.
46

 (
1.

32
–1

.6
3)

1.
08

 (
0.

75
–1

.5
6)

 
55

–8
0

2.
72

 (
2.

46
–3

.0
1)

2.
15

 (
1.

50
–3

.1
0)

R
ac

e/
et

hn
ic

ity

 
N

on
-H

is
pa

ni
c 

w
hi

te
1.

00
N

A

 
N

on
-H

is
pa

ni
c 

bl
ac

k
0.

89
 (

0.
85

–0
.9

4)
N

A

 
H

is
pa

ni
c

1.
00

 (
0.

94
–1

.0
7)

N
A

 
O

th
er

1.
19

 (
1.

10
–1

.2
9)

N
A

 
M

is
si

ng
1.

06
 (

0.
98

–1
.1

4)
N

A

M
ed

ia
n 

ho
us

eh
ol

d 
In

co
m

e

 
L

ow
es

t
1.

09
 (

1.
03

–1
.1

6)
0.

89
 (

0.
67

–1
.1

8)

 
2n

d
1.

09
 (

1.
03

–1
.1

6)
1.

12
 (

0.
86

–1
.4

6)

 
3r

d
1.

05
 (

0.
99

, 1
.1

1)
1.

05
 (

0.
81

–1
.3

7)

 
H

ig
he

st
1.

00
1.

00

Pr
im

ar
y 

pa
ye

r

 
M

ed
ic

ar
e

0.
90

 (
0.

86
–0

.9
5)

0.
86

 (
0.

67
–1

.0
9)

 
M

ed
ic

ai
d

0.
91

 (
0.

85
–0

.9
7)

0.
66

 (
0.

49
–0

.9
0)

Arch Phys Med Rehabil. Author manuscript; available in PMC 2020 September 21.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Skelton et al. Page 15

M
or

ta
lit

y 
P

ri
or

 t
o 

D
is

ch
ar

ge

In
pa

ti
en

t 
H

os
pi

ta
liz

at
io

ns
 A

dj
us

te
d 

P
R

, 9
5%

 C
I

T
re

at
-a

nd
-R

el
ea

se
 E

D
 V

is
it

s 
A

dj
us

te
d 

P
R

, 9
5%

 C
I

 
Pr

iv
at

e
1.

00
1.

00

 
O

th
er

1.
25

 (
1.

17
–1

.3
5)

1.
67

 (
1.

24
–2

.2
5)

T
im

in
g 

of
 d

is
ch

ar
ge

 
W

ee
kd

ay
1.

00
1.

00

 
W

ee
ke

nd
1.

23
 (

1.
18

–1
.2

8)
1.

31
 (

1.
09

–1
.5

7)

E
D

 s
er

vi
ce

s 
du

ri
ng

 e
nc

ou
nt

er

 
E

D
-r

el
at

ed
1.

33
 (

1.
27

–1
.3

9)
N

A

 
N

ot
 E

D
-r

el
at

ed
1.

00
N

A

H
os

pi
ta

l C
en

su
s 

R
eg

io
n

 
N

or
th

ea
st

1.
00

1.
00

 
M

id
w

es
t

0.
78

 (
0.

72
–0

.8
5)

0.
85

 (
0.

62
–1

.1
6)

 
So

ut
h

0.
99

 (
0.

93
–1

.0
6)

1.
17

 (
0.

89
–1

.5
5)

 
W

es
t

0.
96

 (
0.

89
–1

.0
4)

0.
76

 (
0.

57
–1

.0
2)

H
os

pi
ta

l t
yp

e

 
R

ur
al

0.
72

 (
0.

67
–0

.7
8)

0.
99

 (
0.

75
–1

.3
2)

 
U

rb
an

, n
on

te
ac

hi
ng

0.
88

 (
0.

84
–0

.9
3)

1.
07

 (
0.

88
–1

.3
0)

 
U

rb
an

, t
ea

ch
in

g
1.

00
1.

00

H
os

pi
ta

l b
ed

 s
iz

e

 
Sm

al
l

0.
85

 (
0.

79
–0

.9
2)

N
A

 
M

ed
iu

m
0.

92
 (

0.
87

–0
.9

7)
N

A

 
L

ar
ge

1.
00

N
A

A
bb

re
vi

at
io

ns
: N

A
, n

ot
 a

pp
lic

ab
le

; P
R

, p
re

va
le

nc
e 

ra
tio

.

Arch Phys Med Rehabil. Author manuscript; available in PMC 2020 September 21.


	Abstract
	Methods
	Design, settings, participants
	Analysis

	Results
	Discussion
	Study limitations

	Conclusion
	References
	Fig 1
	Fig 2
	Table 1
	Table 2

