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ABSTRACT
Background: After spinal cord injury (SCI), most individuals develop neurogenic bladder (NGB).
There are several bladder management methods for individuals with NGB, including clean
intermittent catheterization (CIC), chronic indwelling catheters (IDCs), surgery to change the
anatomy of the bladder, and spontaneous voiding. Little is known about patient-reported
bladder symptoms or quality of life (QOL) with different NGB management methods.
Understanding NGB QOL issues is paramount to shared decision-making about NGB
management.
Objectives: Our objective was to compare bladder-related QOL and symptoms across common
NGB management methods using validated, patient-reported outcome measures (PROMs). For
this comparison, we sought to characterize baseline PROMs and study the effectiveness of
surgery. We also sought to analyze changes in bladder-related QOL and symptoms after
bladder-related complications. We hypothesized that, following surgical management of NGB,
individuals with SCI would have fewer bladder-related symptoms and improved bladder-related
QOL compared with other bladder management methods.
Methods: We designed a multicenter, prospective, observational study in which we measured
NGB-related QOL after SCI. Eligibility included age ≥18 years and acquired SCI. Bladder
management method was grouped by (1) CIC, (2) IDC, (3) surgery, or (4) voiding. Primary
outcomes included Neurogenic Bladder Symptom Score (NBSS), and 2 SCI-QOL Measurement
System questionnaires, Bladder Management Difficulties (SCI-QOL Difficulties) and Bladder
Complications (SCI-QOL Complications). Secondary outcomes were the subdomains of the NBSS
and its final question regarding satisfaction with urinary function. In aim 1, a cross-sectional
multivariable analysis, controlling for multiple relevant factors, compared primary and
secondary outcome measures among groups. In this analysis, we separated participants on the
basis of their level of injury (ie, paraplegia vs tetraplegia). In aim 2, we compared the
effectiveness of surgery (including the use of botulinum toxin [BTX]) to participants grouped as
CIC/IDC/voiding, using causal inference analysis. Using multivariable regression controlling for
multiple factors, we also analyzed the effect of surgery and BTX injection on change in primary
outcome measures. In aim 3, the role of complications and impact on QOL was estimated by a
similar multivariable analysis of groups incurring complications during the course of the study.
Results: A total of 1479 participants enrolled in the study, of whom 843 (57%) were paraplegic,
893 (60%) were men, and the mean (SD) age and time since injury were 44.8 (13.8) years and
14.6 (11.8) years, respectively. Bladder management method was CIC in 754 participants (51%),
IDC in 271 (18%), surgery in 195 (13%), and voiding in 259 (18%).
•

Aim 1: In cross-sectional analysis, there was an association between surgery and
improved primary and secondary outcomes (when compared with CIC) in patients with
tetraplegia and those with paraplegia. These improvements extended to overall bladder
symptoms and satisfaction with the urinary system. Also, participants using IDC had
fewer bladder symptoms, regardless of SCI level.
4

•

Aim 2: A total of 46 participants had surgery or BTX injection, and there were no
differences demonstrated with causal inference or multivariable comparison between
those who had surgery and those who did not.

•

Aim 3: A total of 160 participants experienced urinary complications during the course
of the study. Some differences were present between participants who developed a
complication and those who did not. However, the only significant change in PROMs
was in SCI-QOL after participants experienced a complication.

Conclusions: In a cross-sectional analysis of bladder management groups, there were
measurable differences in bladder-related symptoms and QOL. We did not observe substantial
effects on PROMs for surgery, BTX, or complications in individuals with SCI.
Limitations: A common limitation in survey studies is respondent self-selection bias. In
addition, cross-sectional associations do not establish causality. Fewer than the expected
number of surgical interventions occurred during the study period, which limited the statistical
power of the analysis to detect the effects of surgery in aim 2.
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BACKGROUND
There are estimated to be 282 000 individuals in the United States living with spinal cord
injury (SCI).1 The yearly incidence of SCI is nearly 17 000 individuals per year and the injury
often occurs in younger people (average age, 29 years).
After SCI, most individuals develop neurogenic bladder (NGB). NGB can involve the
inability to empty the bladder voluntarily, overactivity, loss of bladder capacity, and reduced
compliance of the bladder wall. These changes may lead to urinary incontinence and high
bladder pressures, which contribute to serious urinary tract complications such as
hydronephrosis, kidney failure, urinary stones, urinary tract infections (UTIs), and urosepsis.2 In
fact, urinary complications are the second leading reason for hospitalization among individuals
with SCI.3 In addition to morbidity associated with urinary complications, bladder management
is a leading health concern for individuals with SCI, reflecting its importance to quality of life
(QOL).4 There are several common bladder management methods for individuals with SCI,
including clean intermittent catheterization (CIC), chronic indwelling catheter (IDC),
augmentation cystoplasty (ie, surgical expansion of the bladder with a patch of bowel), urinary
diversion (ie, surgical bypass of the bladder altogether), and spontaneous voiding, often with a
condom catheter.
The choice of bladder management influences NGB-related complications. Single-center
and population-based studies have shown a higher complication rate in individuals with SCI
who have an IDC compared with those who use CIC. These complications include higher rates of
kidney and ureteral problems, such as hydro-ureteral nephrosis, urinary calculi, proteinuria, and
kidney failure.5 In addition, individuals with SCI who have an IDC have worse bladder
compliance in urodynamic studies of the bladder.6 On a population scale, in the Model SCI
system, which pools data from 26 US centers for SCI care, individuals with SCI using an IDC had
higher rates and severity of pressure ulcers, more kidney stones, and more all-cause
hospitalizations, as well as days hospitalized.7
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Despite studies that have defined higher complication rates with certain NGB
management strategies, little is known about patient-reported bladder symptoms or QOL with
different bladder management methods. The reasons for this knowledge gap are multifactorial.
One limitation has been the lack of validated questionnaires in NGB and SCI. Until recently, the
Qualiveen (first developed in 2001) was the only NGB-specific, validated questionnaire
available. The Qualiveen has been used in several studies, but it primarily assesses effects on
NGB-related QOL and does not assess bladder symptoms.8 In the past several years, the
Neurogenic Bladder Symptom Score (NBSS)9,10 and the Spinal Cord Injury–Quality of Life
Measurement System (SCI-QOL) have become available.11 The NBSS is concentrated on bladder
symptoms rather than feelings; thus, it complements the Qualiveen. The SCI-QOL has 2 bladderspecific questionnaires: SCI-QOL Bladder Management Difficulties (SCI-QOL Difficulties), which
is similar to the Qualiveen in that it evaluates feelings about bladder problems; and SCI-QOL
Bladder Complications (SCI-QOL Complications), which assesses impact of UTIs on individuals
with SCI.12 SCI-QOL questionnaires rely on item response theory (IRT) and on computerized
adaptive testing (CAT), which allows the questionnaires to adapt to participants’ responses.
In one of the only studies that used validated questionnaires, results evaluating QOL
with different NGB management were limited by the study size.13 This study was a Dutch survey
of individuals with SCI (N = 266) and used the Short-Form (SF) Qualiveen to compare different
bladder management approaches. These comparisons were challenging due to the small
number of participants and the many management methods used to compare with CIC. For
instance, there were only 23 individuals with SCI who had surgery (7 with augmentation
cystoplasty and 16 with urinary diversion) and there were 6 management methods that were
compared with CIC. Ultimately, the small number of participants with specific treatments
limited the ability to establish any associations between the treatments and better or worse
QOL in a multivariate analysis. The lack of data about QOL and bladder management methods
in this population has been described in multiple general and systematic reviews by our group
and others.14-17
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The importance of bladder management–related QOL in NGB is best illustrated by our
lack of understanding of the underlying reasons for transitions from 1 bladder management
strategy to another by individuals with SCI. In the Model Systems of SCI care, 70% of individuals
discharged with instructions to use CIC transitioned their care to other methods over 30 years
of follow-up.18 The highest rate of transition in bladder management is in the first 5 years of
care and might represent some individuals who lacked adequate hand function or resources to
perform CIC; however, there is steady decline in the use of CIC over time at every 5-year point
up to 30 years. The most common method of management after discontinuing CIC is IDC. This
transition is not intuitive, given that IDC has well-established worse medical outcomes than CIC.
Only 1 study evaluated the reason for transition of care in US veterans within the Veterans
Administration Healthcare System.19 Investigators found that among 100 individuals with SCI,
50% who with an IDC had transitioned from CIC in the past. The 3 leading reasons for this
transition were inconvenience with CIC, physician recommendation, and dislike of CIC. These
reasons point to poorly understood QOL issues about bladder management and even more
poorly understood rationales for physicians to recommend stopping CIC. Gathering basic data
about bladder management and its effects on QOL is key to better informed, shared decisionmaking discussions between individuals with SCI and clinicians.
Botulinum toxin (BTX) was approved by the US Food and Drug Administration in 2011
for use in NGB. In patients with NGB, BTX is injected into the bladder wall approximately every
6 months, mostly in an office-based procedure. Intravesical treatment with BTX decreases
bladder pressures and detrusor overactivity incontinence, and increases the capacity of the
bladder. Augmentation cystoplasty is a surgical procedure in which the bladder is opened wide
and a patch of bowel is sewn onto the bladder. Similar to BTX injection, augmentation
cystoplasty can substantially improve bladder storage capacity, decrease intravesical pressures,
and eliminate detrusor overactivity incontinence.20 Improved bladder function with these
treatments might improve patient satisfaction with CIC, thereby decreasing transitions to lessideal bladder management methods. Both BTX injection and augmentation cystoplasty could
affect QOL.
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The specific aims of our study and hypotheses were the following:
•

Aim 1—Bladder QOL differences with different bladder management methods:
Compare cross-sectional, patient-reported outcome measures (PROMs) and QOL for 4
different bladder management methods: (1) CIC, (2) IDC, (3) voiding, and (4)
reconstructive surgery. We hypothesized that bladder management methods would
have measurable associated differences in PROMs of bladder symptoms and QOL.

•

Aim 2—Comparative effectiveness of surgery with that of other bladder management
methods: Determine the comparative effectiveness of CIC, IDC, and voiding vs surgery in
terms of QOL. We hypothesized that individuals with SCI who underwent surgery would
have associated improved bladder-related symptoms and QOL outcomes, demonstrated
by causal inference analysis.

•

Aim 3—The effects of complications on bladder-related QOL: Measure the effect of
bladder management changes and urinary complications on patient-reported bladder
management outcomes and QOL. We hypothesized that bladder management changes
and urinary complications would have an associated measurable impact on patientreported bladder symptoms and QOL over longitudinal observational follow-up.
We hypothesized that our proposed research would affect individuals with SCI and

clinicians and provide some underlying evidence to inform shared decision-making models of
care.
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STAKEHOLDER ENGAGEMENT
This section describes our key stakeholder groups and the way in which their guidance
has shaped our work. NGB management requires a multidisciplinary approach. The
stakeholders who play a critical role in providing care for those with SCI include (1) SCI groups,
(2) family members and caregivers, (3) physical medicine and rehabilitation (PM&R) providers,
and (4) urologists. Because our primary investigator team is composed of urologists, we
recognized we did not have a complete view of the challenges of NGB management.
Stakeholder engagement was thus essential to the design and motivation for our investigation.

Identification of Key Stakeholders
We involved stakeholders from diverse backgrounds. Table 1 lists the engaged
stakeholders who participated in our engagement activities. SCI stakeholders were identified
from the clinical practices of the urology investigators. Additional SCI stakeholders were invited
by the SCI advisory panel. Other clinical stakeholders were known to the Investigative Team
from clinical collaboration with PM&R.
Table 1. Stakeholder Groups
Group

Stakeholders

No.

SCI advisory panel

Individuals with SCI

4

Family member/caregivers

1

Urologists

5

PM&R physicians

2

Biostatisticians

4

Research coordinators

3

Primary investigator team

4

Research support team

Investigator team

Abbreviations: PM&R, physical medicine and rehabilitation; SCI, spinal cord injury.
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The SCI advisory panel comprised individuals with SCI who were identified directly from
our clinical urology practices. One of our stakeholders had participated at the federal advocacy
level on many SCI-related issues. Two other SCI stakeholders were active at the regional level
with advocacy groups and other activities. Although most individuals with SCI had a caregiver
present for engagement sessions, 1 caregiver participated routinely and helped provide a
stronger voice for the individuals with SCI. These stakeholders were diverse by sex, SCI level,
age, and time since injury.
The research support team consisted of urologist stakeholders, PM&R physicians,
biostatisticians, and research coordinators. In addition to the 4 urologists on the investigator
team, 5 other urologists provided feedback and participated in the study stages detailed in
Table 2. These urologist stakeholders were leaders in the neuro-urology field, having conducted
many research studies, and came from across the United States and Canada. Our PM&R
stakeholders included 1 SCI rehabilitation center director and 1 Veterans Administration PM&R
center director who also had an SCI himself and was able to provide the perspectives of a
physician and an individual with SCI. Our biostatistics team members were from University of
Utah Department of Epidemiology and Biostatistics; 1 was a statistician with a PhD and 1 had a
master’s degree. There were 3 research coordinators at the 3 institutions participating in the
grant.

Description of Engagement Frequency
Stakeholder engagement frequency is described in Table 2. We held in-person meetings
with our stakeholders to correspond to the design and interpretation stages, and we have an
upcoming dissemination stage. The meetings were held to formally encourage feedback from
the stakeholders and encourage participation toward 3 primary goals: (1) helping select patientcentered questionnaires and research tools, (2) determining how to interpret research findings,
and (3) helping disseminate key findings.
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Table 2. Stakeholder Engagement Prioritization by Study Stage

Design

Interpretation

Dissemination

Study stage

Accountable

Consulted

Give final
approval

Formulating study
question

Investigator
team

SCI advisory
panel

Research
support team

Design of
recruitment and
consent materials

Investigator
team

SCI advisory
panel

Research
support team

Selecting outcome
measures

SCI stakeholder
group 1

Investigator
Research
team, research support team
support team

Data collection

Investigator
team

Research
support team

Investigator
team

Interpretation of
findings

Investigator
team

SCI
stakeholder
group 2,
research
support team

Investigator
team

Dissemination plan

Research
support team

Investigator
team, SCI
stakeholder
group 2

Research
support team

Final dissemination

All participate in dissemination

Abbreviation: SCI, spinal cord injury.
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During the design stage, we held an 8-hour meeting in Salt Lake City (October 21, 2015)
with all the listed stakeholders. SCI and clinician stakeholders made presentations and then we
had small group discussions to work on the design of the study. A brief summary of the meeting
is described in Table 3.
Table 3. Description of Bladder Management and SCI Kickoff Meeting, October 21, 2015
Description

Time, min

Stakeholder category (n)

History of NGB management

30

Investigator team (4)

Innovation in SCI technology

30

Research support team (7)

Importance of teamwork

20

SCI stakeholder group 1 (19)

Personal history of SCI advocacy

20

SCI stakeholder group 1 (19)

QOL measurements and how they are
developed

20

Research support team (7)

Grant overview, research plan, and
recruitment

45

Investigator team (4)

SCI advisor-led bladder issues discussion

90

SCI stakeholder group 1 (19)

Questionnaire selection

90

All participants

Wrap-up, review, feedback, evaluations

30

All participants

Abbreviations: NGB, neurogenic bladder; QOL, quality of life; SCI, spinal cord injury.

After an introduction to the project, SCI advisors led SCI stakeholders through a
discussion about NGB issues. This discussion was then summarized by a professional facilitator.
The topics posed by the SCI advisors to the rest of their peers were as follows:
•

How do you manage your bladder?

•

How have you made choices about your bladder management?

•

What affects your bladder the most?

•

How do you feel about your current method of bladder management?

•

How do you hope this study will help your bladder management?
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Research assistants tabulated quotes and themes for guidance about how to prioritize
issues related to bladder management after SCI. Two key take-home messages from that
discussion were that individuals with SCI (1) want more information about bladder
management and (2) get most of their information from their peers and social media, not
necessarily from medical professionals. The lack of information was discussed as the greatest
barrier to making choices about bladder management. Some quotes from the meeting include
the following:
I never thought when I was paralyzed that not walking again would be the least
of my problems. It is bowel and bladder control.
I wish that there was information about different options, but from people with
the same level of spinal cord injury that are similar to me [ie, it does not help to
talk to someone who does not have the same disability level].
I got 2 totally different opinions from hospitals that were well known for spinal
cord injury care.
Finally, during this meeting, SCI stakeholders were asked to evaluate questionnaires for
potential use in the study. They gave input about psychosocial questionnaires that helped
investigators pick the final panel of questions. The list of questionnaires considered during this
meeting vs those ultimately selected for the final panel are presented in Appendices A and B.
During the interpretation stage of our study, we hosted a meeting November 2 and 3, 2017, at
the University of Utah in Salt Lake City. We invited stakeholders to participate in an educational
meeting and provide feedback on interpretation of our findings. The meeting is summarized in
Table 4.
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Table 4. NBRG Research and Advisory Meeting and SCI Stakeholder Advisory Meeting,
November 2-3, 2017
Date and description

Time, h

Stakeholder category (n)

8

Investigator team (4)
Research support team (6)

NGB educational meeting

4

Urologists, trainees, PM&R
providers, community advocates
(60)

SCI stakeholder advisory meeting

3

SCI stakeholder group 2 (16)

November 2
NBRG research meeting
November 3

Abbreviations: NBRG, Neurogenic Bladder Research Group; NGB, neurogenic bladder; PM&R, physical medicine
and rehabilitation; SCI, spinal cord injury.

The educational meeting featured speakers from our research support and investigator
teams discussing research advances in NGB management. This was followed in the afternoon by
a SCI stakeholder group meeting, for which we had 2 goals: (1) To obtain feedback on an SCIfocused video explaining the impact of NGB, and (2) to ask SCI stakeholders how to interpret
and explain the results of the current study to other individuals with SCI.
During this second engagement meeting, we also presented our cross-sectional analysis
of bladder symptoms and satisfaction with urinary function to the SCI stakeholders. These data
were derived from aim 1 of the project. We asked for comments from the SCI stakeholders
about the significance of these data and how best to disseminate the results of the study.
Our third advocacy meeting was scheduled during the dissemination stage on
November 10, 2018, at the University of Michigan in Ann Arbor, Michigan. The meeting
included an educational component as well as an SCI stakeholder discussion. The aim of the
final SCI stakeholder meeting was to discuss our more complex research findings and how to
disseminate the results. Before that meeting, our SCI stakeholders provided input on videos and
other media formats for results dissemination. These final products were reviewed at the final
meeting with other stakeholders who had not participated in other design stages.
15

Social Media Communication
An interesting and new format for most of us as clinical researchers was the large
amount of social media communication we needed to adopt for this study. This method of
engagement was used at all stages of the research project. During the design stage, we
developed a research webpage (www.nbrg.org) to host our project plan and provide a platform
that our SCI stakeholders could use to reach out to other people with SCI via social media. Our
SCI stakeholders posted personal blog entries about their experience with NGB; these are
available at https://www.nbrg.org/patient-education/patient-blog.php
We also engaged individuals with SCI throughout our recruitment phase by posting
advertisements on Facebook and Care.com. These ads were quite effective in promoting the
study and engaging participants (Figure 1).
Figure 1. Example of a Facebook.com Advertisement

Our research group also Tweeted information about the study, which was supported by
advocacy networks such as United Spinal (Figure 2).
16

Figure 2. Sample United Spinal Tweet Screenshot

The final aspect of social media engagement was with our online community forum. The
NBRG online forum was developed in response to individuals with SCI repeatedly voicing the
opinion that much of their information came from online interactions on forums like Facebook.
There was a need for a platform for individuals with SCI to swap “tips and tricks” about their
bladder management; therefore, we created the NBRG Open Forum. To date, >1100 people are
participating. Topics discussed include medications, surgeries, catheters, and recurrent UTI
strategies, among others. Similarly, we decided there was a need for clinicians to discuss
bladder management issues in this population; thus, we created a clinician forum to host these
discussions.

Stakeholder Compensation
All stakeholders were compensated by the hour for their time in person and for remote
contributions. This included time spent on conference calls and development of website
content. For face-to-face meetings, stakeholders received an honorarium and a travel stipend.

Barriers Assessment
The primary barriers limiting greater stakeholder participation in the research study
were communication and time limitations/deadlines. Also, individuals with SCI, who already
depend on others for so many aspects of their care, had difficulty finding time to participate in
the study. As mentioned previously, we identified our SCI stakeholders from our urology
practices; thus, selection bias was toward those seeking information and help with bladder
management.

17

Impact of Stakeholder Engagement on Research Findings
Involvement of SCI stakeholders affected every stage of this study. During the design
stage, the SCI stakeholder input about which questionnaires to use was critical. We had several
questionnaires to choose from, but our stakeholders told us that many of the questionnaires
were too depressing to use because they asked questions with a “cup half empty” perspective.
If we had not solicited their input, we would have selected more negative questionnaires,
which likely would have negatively affected the number of participants who completed our
study. During the design and interpretation stages of the study, we increased our use of
electronic and social platforms to recruit, because our stakeholders informed us that they used
these formats to get much of their information. For example, an SCI stakeholder corrected a
Facebook ad that we were planning to use that showed an individual with SCI in a “non-SCI
wheelchair”; we instead used a photo of a person in a wheelchair that an individual with SCI
would actually use. Finally, for the dissemination stage of the study, we actively learned about
patient-centered videos and outreach materials that are engaging and informative, including
the maximum duration for the videos. Without input from our stakeholders and individuals
with SCI, our findings and impact would be significantly reduced.
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METHODS
Study Overview
Few data are available on patients’ QOL and patient-reported bladder symptoms with
different bladder management approaches after SCI. Our study had 3 aims:
•

To compare cross-sectional PROMs and QOL for 4 different bladder management
methods: CIC, IDC, voiding, and reconstructive surgery

•

To determine the comparative effectiveness of CIC, IDC, and voiding vs reconstructive
surgery on bladder symptoms and QOL

•

To measure the effect of bladder management changes and urinary complications on
patient-reported bladder symptoms and QOL
Our overall goal for this study was to establish a large cohort of individuals with SCI and

then to perform cross-sectional and longitudinal observational cohort studies about various
individual and injury characteristics influencing bladder-related QOL. To accomplish the first
aim, we used multivariable regression to analyze differences in baseline bladder symptoms and
QOL in a cross-sectional study using the 4 different bladder management methods. We
controlled for multiple factors shown in previous studies to influence bladder-related choices
and QOL. These include demographic factors, injury characteristics, and complications
associated with SCI. For the second aim, we used a prospective cohort study design with a
causal inference framework to see how bladder symptoms and QOL changed with surgery
compared with CIC, IDC, and voiding. To address the final aim, we sought to establish the
influence of urologic complications on bladder symptoms and QOL by analyzing PROMs before
and after complications, and we used multivariable regression to see if there were significant
associations between individual factors, injury characteristics, and individuals with SCI who
experience complications.

Study Design
The overall study goal was to establish a large cohort of individuals with SCI and
incorporate a cross-sectional analysis of QOL to conduct a longitudinal, prospective,
19

multicentered cohort observational study of bladder-related QOL. Participants’ eligibility was
determined by a short survey about their SCI condition, either electronically (via
www.nbrg.org), in person, or by phone. On enrollment participants were interviewed by a
trained study coordinator who gathered information including demographics, SCI injury
specifics, pertinent past medical and surgical history, past and current bladder management
methods, SCI-related complications, and urologic follow-up over time. These details were
gathered using a semi-scripted interview and recorded in the Research Electronic Data Capture
(REDCap) database tool. Then participants received a panel of questions electronically or had
these administered in person or over the phone with a study coordinator. The latter option was
important because some individuals with SCI lack the hand function to answer questions on a
computer, or it is challenging for them, thereby increasing participant exhaustion. All electronic
questionnaires were administered via the secure and HIPAA-compliant Assessment Center
platform (https://www.assessmentcenter.net).21 This online data collection portal supports
repeated administrations of the same questionnaires at predetermined time points, real-time
monitoring of questionnaire completion, and data integrity analysis.
Participants who entered the study were followed over 6 to 12 months and received the
same questionnaires (electronically or via telephone) every 3 months (5 times total for
participants followed over 12 months: at baseline and at 3, 6, 9, and 12 months) along with
questions about any changes in bladder management or complications they had experienced in
the intervening 3 months. Participants could complete the questionnaires within a 2-week
window at either the beginning or end of each 3-month period. Study coordinators monitored
the completion of these questionnaires and called participants who did not complete them. In
addition, at the end of 12 months a study coordinator conducted a telephone-administered exit
interview to confirm if the participant had additional changes in bladder management or
urinary complications over the course of the study. A Likert 15-point scale was given to
participants at the time of their exit interview to assess the impact from any complications as
well as changes in bladder management over the course of the year. The rating scale spanned
from “a very great deal worse” to “a very great deal better.” Participants received $50 after
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completion of the baseline questionnaire and another $50 if they completed the study. The
study procedures are summarized in Figure 3.
Figure 3. Summary of Study Proceduresa

Abbreviations: PM&R, physical medicine and rehabilitation; SCI, spinal cord injury.
a
Because of changes in the research protocol, not all participants were followed for 12 months. Baseline
enrollment was extended for 6 more months. These patients were followed for only 6 to 9 months (please see the
“Protocol Changes” section).
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Examples of participants who changed bladder management methods or experienced
complications over the course of the 12 months are given in Figure 4.
Figure 4. Participant Changes in Bladder Management Method or Significant Treatments and
Complications and Measurement of QOL After These Events

Abbreviations: CIC, clean intermittent catheterization; IDC, indwelling catheter; post-op, postoperative; QOL,
quality of life.
* QOL measures collected 6 months after procedures.

We chose this study design because it allowed us to gather basic data about bladder
symptoms and QOL with different bladder management strategies, regardless of whether
participants were lost to follow-up over the course of a year. The longitudinal portion of the
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study (ie, following participants over a year) was chosen to evaluate the influence of bladder
management change and complications on bladder symptoms and QOL.

Study Setting
The study was multi-institutional. The 3 study sites were affiliated with the University of
Michigan, University of Minnesota, and University of Utah. These institutions were chosen
because of previous research collaborations related to NGB management. The investigators at
these institutions care for many individuals with SCI and the centers are known for excellence in
NGB research and clinical care. The study was conducted in multiple settings within each site, in
person and via remote enrollment. The in-person settings included urology clinics, PM&R
clinics, rehabilitation hospitals, nursing facilities specializing in SCI care, physical therapy gyms
specializing in SCI care, and SCI-oriented events held near study centers. Remote enrollment
occurred through an online survey via a website established for our research group, the NBRG
(www.nbrg.org). This survey asked basic questions that established patients’ eligibility for the
study. Please see the Stakeholder Engagement section for specifics of our online and remote
recruitment and engagement strategies.
Study investigators authored several news items for urology publications (namely,
American Urologic Association News, Urology Times, and Eureka [American Urologic Association
research news]) that discussed knowledge gaps in NGB care as well as the study design. We
sent pamphlets to prominent rehabilitation hospitals and colleagues in urology directing
interested individuals with SCI to the website for study enrollment.
We chose both in-person and remote enrollment on the basis of our stakeholder
advisory meeting, which was held before starting the study procedures. Our stakeholders
identified the need to engage a diverse population of individuals with SCI, and we felt that using
remote enrollment alone would exclude participants who did not or could not regularly use the
internet. Conversely, we did not feel we could achieve the number of participants needed for
our study goals by only enrolling patients in person in the clinical setting; we wanted anyone
with SCI who met the inclusion criteria to be able to enter the study.
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Participants
The target population for the study was individuals with acquired SCI rather than
congenital SCI or SCI due to progressive causes. Individuals with congenital causes of SCI, such
as spina bifida or cerebral palsy, have grown up with their disability and their QOL concerns are
very different than those of individuals who had normal bladder function and experienced a
sudden change in bladder function due to an injury or illness. Likewise, in progressive diseases
such as multiple sclerosis, bladder effects are highly variable and often change over time rather
than remaining relatively stable, as with an acquired fixed spinal cord lesion.
Our target sample size was between 900 and 1400 participants, based on power
calculations and detection of differences in our primary outcome measures (see the Analytic
and Statistical Approaches section). We formed the 4 study groups (CIC, IDC, voiding, and
surgery) on the basis of common bladder management methods and anticipated numbers
within each group.
The inclusion and exclusion criteria are specified in Table 5. Participants were excluded
if they did not speak English, because there are no validated questionnaires for the primary and
secondary outcome measures in other languages.
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Table 5. Study Inclusion and Exclusion Criteria
Inclusion criteria
•
•
•
•
•
•
•

Age ≥18 y
Able to effectively communicate in English
Able to provide informed consent
Willing to participate and answer 5 sets of questionnaires over 12 mo
Has NGB
Has acquired SCI; examples include traumatic SCI, spinal cord stroke, malignancy (not
active), surgical injury, transverse myelitis
Manages bladder with 1 of 4 strategies (CIC, IDC,a surgical,b spontaneous voidingc)

Exclusion Criteria
•
•
•

Congenital SCI: examples include cerebral palsy, spina bifida, myelomeningocele,
caudal regression, sacral agenesis
Progressive SCI: examples include multiple sclerosis, active malignancy, progressive
neurologic diseases leading to SCI, myelopathies
Not fluent in English

Abbreviations: CIC, clean intermittent catheterization; IDC, indwelling catheter; NGB, neurogenic bladder; SCI,
spinal cord injury.
a
Foley catheter or suprapubic tube.
b
Encompasses urinary conduit diversion, augmentation cystoplasty with or without catheterizable channel,
catheterizable channel alone, or continent catheterizable-pouch urinary diversion.
c
Encompasses condom catheter, leaking into diapers without control, volitional voiding.

Study Procedures
Please see Study Design in the Methods section.

Study Outcomes
Primary Outcomes
The primary outcome measures included 2 bladder-specific PROMs validated for NGB:
the NBSS and SCI-QOL. The NBSS primarily assesses urinary symptoms and has a range of 0 to
74, with lower scores indicating fewer symptoms.10,22 The SCI-QOL consists of many different
item banks, validated in individuals with SCI, and assesses all aspects of health and psychosocial
impact of SCI.11 We used 2 item banks from the SCI-QOL: (1) SCI-QOL Difficulties, which
assesses ability to carry out a bladder program, concerns about incontinence, and impact on
daily life; and (2) SCI-QOL Complications, which assesses the impact of UTI on social and
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physical activities.12 SCI-QOL questionnaires rely on IRT and CAT, which allows the
questionnaire to adapt to a participant’s answer. SCI-QOL item banks are calibrated to have a
mean of 50 and a range of 0 to 100. Fewer bladder difficulties or complications are indicated by
a lower score.

Secondary Outcomes
The secondary outcomes of the study included the 3 subdomains of the NBSS: (1)
incontinence (score range, 0-29), (2) storage and voiding (score range, 0-22), and (3)
consequences (score range, 0-23). Secondary outcomes also included the final question of the
NBSS assessing satisfaction with urinary function, which is worded “If you had to live your life
with the way your bladder (or urinary reservoir) currently works, how would you feel?” (score
range, 0-4).22
The primary and secondary outcomes were selected for the study because they were
felt to encompass the breadth of an individual’s experience with NGB. The NBSS assesses
bladder symptoms, whereas the SCI-QOL Difficulties assesses how bladder symptoms affect an
individual’s feelings and QOL. The SCI-QOL complications questionnaire assesses the effect of
UTIs on an individual’s feelings and QOL. We selected the SCI-QOL Difficulties rather than the
Qualiveen, which assesses similar facets of feelings about NGB, because the SCI-QOL Difficulties
uses IRT and CAT. This feature allows the instrument to measure a broader group of
participants, minimizing ceiling and floor effects. However, the minimum clinically important
difference has not been established for any of the primary or secondary outcome measures.

Other PROMs
Our SCI and stakeholder advisory groups selected several other PROMs as potentially
relevant to how individuals with SCI would report their bladder symptoms and QOL. For
instance, stakeholders felt that chronic pain, bowel dysfunction, degree of autonomic
dysfunction, depression, independence, and resiliency might have significant impact on an
individual’s satisfaction with urinary function. We collected these PROMs as potential
covariates in our analyses.
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General QOL Measurements
The Medical Outcomes Study 12-item Short Form Health Survey 12 (SF-12) was used to
assess general QOL. The SF-12 is a commonly used generic QOL instrument and has been
modified for people who use wheelchairs and have SCI.23 Although the modified version of the
SF-12 is not validated for individuals with SCI, there are considerable population-level, SF-12–
derived normative data available for comparison with study populations of interests.

Psychosocial Measurements
We included the SCI-QOL Complications and SCI-QOL Difficulties as potential covariates
in our analysis as recommended by our study stakeholders. The final selected psychosocial
measures encompassed the following areas: independence, pain interference with life,
satisfaction with social participation and roles, and positive affect and well-being.11 These
instruments are SCI-QOL item banks administered with CAT via the Assessment Center
platform.21

Other Measurements of Physical Function
SCI affects many other aspects of physical function and these, in turn, have the potential
to affect how individuals with SCI report their bladder symptoms and related QOL. For instance,
an individual with SCI and severe bowel dysfunction may also report worse bladder dysfunction.
In an effort to capture other physical limitations and dysfunction associated with SCI and
evaluate the relationship to bladder satisfaction, we asked participants about a variety of other
physical functioning. These areas of physical function included autonomic dysreflexia, pain
level, ability for self-care, mobility, fine-motor function, and bowel dysfunction.
We based our questions on the following:
•

Autonomic dysreflexia questions based on a longer validated Autonomic Dysfunction
Following Spinal Cord Injury instrument24

•

A 0- to 10-point Likert pain scale

•

The validated Neurogenic Bowel Dysfunction (NBD) score25
27

•

Three functional index/physical function SCI-QOL item banks (Basic Mobility, Fine
Motor Function, Self-care)26

•

The SCI-QOL Bowel Management Difficulties computer adaptive item bank12
Table 6 summarizes findings from PROMs that were administered every 3 months. None

of the PROMs had established minimal clinically significant differences.
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Table 6. Questionnaires Administered to Participants Every 3 Months: Range of Scores,
Direction of Improved Scores, and Minimal Clinically Important Difference
Score range

Mean (SD)

Direction of
improvement

NDa

ND

Positive

0-74

19 (10)

Negative

Incontinence

0-29

8 (6)

Negative

Storage and Voiding

0-22

7 (3)

Negative

Consequences

0-23

4 (3)

Negative

Satisfaction

0-4

3 (3)

Negative

Bladder Management Difficulties

0-100

50 (10)

Negative

Bladder Complications

0-100

50 (10)

Negative

Autonomic Dysreflexia questionnaire

0-24

NA

Negative

NBD score

0-47

NA

Negative

Pain Likert scale

0-10

5.6 (2.3)

Negative

Basic mobility

0-100

50 (10)

Negative

Self-care

0-100

50 (10)

Negative

Fine-motor function

0-100

50 (10)

Negative

Bowel management difficulties

0-100

50 (10)

Negative

Pain interference

0-100

50 (10)

Negative

0-100

50 (10)

Negative

Satisfaction with social roles and activities 0-100

50 (10)

Negative

Positive affect and well-being

50 (10)

Negative

Questionnaire
General
Modified SF-12
Bladder specific
NBSS22
NBSS subdomains

SCI-QOLb

Functional

SCI-QOL

Psychosocial
SCI-QOL
Independence

0-100

Abbreviations: NBD, Neurogenic Bowel Dysfunction; NBSS, Neurogenic Bladder Symptom Score; NA, not
applicable; ND, not determined; SCI-QOL, Spinal Cord Injury–Quality of Life Measurement System; SF-12, 12-item
Short Form Health Survey.
a
Modified SF-12 scoring is based on a complex formula and there is not an easy range that can be applied.
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SCI-QOL questionnaires are calibrated to have a score range of 0 to 100, a mean of 50, and an SD of 10.

b

Study Time Frame
The overall PCORI funding period was from August 1, 2015, to July 31, 2018 (3 years).
Study enrollment occurred originally over 12 months. This time frame was altered to enroll
additional participants and increase the detection of QOL differences in baseline QOL measures
(see Protocol Changes section). The enrollment period in the original grant was from January 1,
2016, to December 31, 2016; this was extended to June 31, 2017 in the protocol amendment.
Longitudinal follow-up began with enrollment and was conducted over 12 months or through
December 31, 2017. Thus, participants enrolled during the original period had 12 months of
follow-up and those enrolled in the 6 additional months had between 6 and 9 months of
longitudinal follow-up, depending on their enrollment date (Figure 5).
Figure 5. Study Timeline, Including 6 Months of Additional Baseline Accrual

Data Collection
Emails were sent to participants to remind them to complete their 3-month
questionnaires and interval history questionnaires about clinical changes. Participants were
contacted via email and phone if they did not complete the questionnaires. We recorded
reasons for loss to follow-up, such as death. Participants who did not want to continue and
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dropped out of the study were recorded and not called again. We changed the study protocol
to institute an additional $50 payment for the participants to complete an exit interview that
summarized any changes and asked about QOL differences associated with changes or urologic
complications during the study (see Protocol Changes section). Missing data during the course
of the study resulted from participants not completing their questionnaires or being lost to
follow-up for periods of the study.

Analytic and Statistical Approaches
Determination of Sample Size Within Original PCORI Application
We designed our study to detect clinically important differences in QOL among only 3
(CIC, IDC, and reconstructive surgery) of the 4 bladder management strategy groups that were
included in the final research protocol. After submitting the original PCORI application, we
added a voiding group to the protocol and subsequent analyses (see Protocol Changes section).
Practically, we anticipated the ability to recruit approximately 900 to 1350 participants over 1
year after accounting for a 10% loss to follow-up. We expected CIC to make up approximately
24% of our sample; IDC to be approximately 41%; and reconstructive surgery to be
approximately 34%, on the basis of on our clinic cross-sections. The primary bladder-specific
PROMs used to compare these groups were the 2 bladder-specific SCI-QOL instruments (ie,
Bladder Management Difficulties and Bladder Complications) and the NBSS. Our effect-size
calculations were based on a mixed-models analysis of repeated measures data assuming a
conservative correlation of 0.8 and an autoregressive order 1 covariance structure among 5
repeated measures of the same participant. We assumed an SD of 10 for both SCI-QOL and
NBSS on the basis of previous studies and a mean of 50 and 20, respectively.12,22 We would
have 80% power at a Bonferroni-adjusted α level (0.05/3 = 0.017, for 3 pairwise comparisons
among the bladder management strategies) to detect the minimum differences presented in
Table 7.22,27 For the SCI-QOL bladder-specific instruments, we expected to detect differences in
the overall score of approximately 4% to 5% or 3% to 4% for our minimum and maximum
sample sizes, respectively. For the NBSS, we expected to detect score differences of
approximately 10% to 12% or 8.5% to 10% for our minimum and maximum sample sizes,
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respectively (Table 7). The minimal clinically important difference has not been determined for
the NBSS or SCI-QOL bladder instruments; however, generally, a 10% difference in PROMs is
assumed to likely be clinically significant to patients.
Table 7. Estimates of Number of Participants to Detect Differences in the SCI-QOL and the
NBSS
Detected differences with
N = 1350, No. (%)

Questionnaire

Comparison

SCI-QOL

IDC vs CIC

2.34 (4.7)

1.91 (3.8)

IDC vs surgery

2.11 (4.2)

1.72 (3.4)

CIC vs surgery

2.42 (4.8)

1.98 (4.0)

IDC vs CIC

2.34 (11.7)

1.91 (9.6)

IDC vs surgery

2.11 (10.6)

1.72 (8.6)

CIC vs surgery

2.42 (12.1)

1.98 (9.9)

NBSS

groupsa

Detected
differences with
N = 900, No. (%)

Abbreviations: CIC, clean intermittent catheterization; IDC, indwelling catheter; NBSS, Neurogenic Bladder
Symptom Score; SCI-QOL, spinal cord injury–quality of life score.
a
Voiding was not included in the original power calculation for the grant and was added (see the section “Protocol
Changes”).

Aim 1—Analytic and Statistical Approaches: Bladder QOL Differences With
Different Bladder Management Methods
To address the question comparing QOL related to CIC, IDC, voiding, and surgery at
baseline, we used multivariable regression models to compare primary and secondary
outcomes with different bladder management strategies. Multivariable models were adjusted
for demographics, injury characteristics, and SCI complications. In this analysis, participants
were separated into 4 groups on the basis of their bladder management method.
We assigned participants to groups based on participant-identified primary bladder
management method. If participants used multiple bladder management methods, such as an
individual with SCI who performed CIC during the daytime but used a Foley urethral catheter
overnight, they were asked which method they considered their primary method of
management. Primary bladder management groups included (1) CIC; (2) IDC; (3) surgery (eg,
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bladder augmentation with or without catheterizable channel, catheterizable channel alone,
urinary diversion [conduit or continent catheterizable pouch]), and (4) voiding (eg, condom
catheter, involuntary leaking, volitional voiding). Participants who had undergone surgery but
used IDCs, such as an individual with SCI who had a failed catheterizable channel and relied on a
suprapubic indwelling tube in the bladder, were included in the surgery group.

Level of injury. The level of an individual’s injury (ie, paraplegia vs tetraplegia) is one of
the most important defining characteristics of physical disability after SCI. Level was
determined as tetraplegic (cervical level 1-8) or paraplegic (thoracic level 1 and below, including
sacral levels and cauda equina). The SCI advisory panel felt strongly that trying to extrapolate
QOL from individuals with SCI with paraplegia to tetraplegia or vice versa would not be
acceptable to individuals with SCI and that participants should be separated on the basis of
level of injury.
To support this concept with objective data, we tested whether there were interaction
effects between bladder management strategy and level of injury (paraplegia vs tetraplegia) for
our QOL outcomes. For each outcome variable, likelihood ratio tests were used to compare the
models with and without the interaction term representing management strategy and injury
level. We found significant interaction effects between bladder management strategy and level
of injury for multiple outcome measures. Given this finding, and because the advisory panel
desired models specific to injury level, we constructed separate models for paraplegic and
tetraplegic participants.

Confounding variables. The confounding variables considered in our analysis
included the following demographic characteristics: (1) age, (2) sex, (3) obesity (BMI >30
kg/m2), (4) education (bachelor’s degree or higher), and (5) employment (employed for wages,
including self-employment); the following injury characteristics: (6) years from injury, (7)
complete or incomplete injury (American Spinal Injury Association Impairment Scale [AIS]
designator “A” [AIS-A] or, if unknown, participants were asked if they had a complete or
incomplete injury); and the following SCI complications: (8) chronic pain (participants were
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asked “Do you experience chronic pain?”), (9) number of UTIs in the last year (participant
reported, categorical: 0, 1-3, ≥4), (10) hospitalization for UTI in last year, and (11) severe bowel
dysfunction (NBD score >14). The NBD score is a validated questionnaire determining
symptoms and impact of neurogenic bowel.25

Statistical analysis of cross-sectional study. We summarized and compared
participant demographics, injury characteristics, and SCI complications between paraplegic and
tetraplegic participants. Continuous variables were compared using t tests, and categorical
variables were compared using chi-square tests.
We constructed multiple linear regression models to test the interaction between
bladder management type and level of injury (ie, tetraplegia or paraplegia) for each PROM (ie,
NBSS total, NBSS subdomains, and the final question on the NBSS pertaining to satisfaction with
urinary function), adjusting for the participant demographics, injury characteristics, and SCI
complications previously detailed. After assessing the interaction effects between bladder
management method and level of injury, which were statistically significant for several
outcomes, we conducted separate regression analyses in participants with tetraplegia and
paraplegia for all outcomes. These models, separated by SCI level, included the same
adjustment factors used in the interaction models, regardless of whether there were significant
interaction effects within each covariate.
CIC was used as the reference bladder management strategy because it is
recommended due to having the lowest complication rates,5,7 and we reported its predicted
marginal mean for each outcome and associated 95% CIs. The predicted marginal means for CIC
reflected an average of model predictions when management type was CIC at all combinations
of levels of other categorical predictors weighted by the frequencies of these combinations in
the data set, where continuous variables were set to their sample means.28 Marginal means
were provided to give some insight into the magnitude of change, because there are no
established minimal clinically important differences for the PROMs used in our study. For other
bladder management methods and covariates in the model, estimated regression coefficients,
which measure the magnitude of change associated with a given variable (negative change for
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all PROMs in this study indicates improvement), were reported with 95% CIs and P values.
Statistical analyses were conducted in R, version 3.4.1,29 significance was assessed at the α =
0.05 level, and all tests were 2-tailed.

Aim 2—Analytic and Statistical Approaches: Comparative Effectiveness of
Surgery vs Other Bladder Management Methods
The analytic goal for aim 2 was to compare mean levels of patient outcomes at the final
12-month time point between participants who switched treatment strategies from CIC, IDC, or
voiding to surgery during the 1-year assessment period vs participants who continued using the
CIC, IDC, or voiding management method. We adopted a causal inference approach to conduct
this comparative effectiveness analysis in our observational-cohort study design setting. Causal
inference methods reduce the confounding by indication bias issue inherent in observational
studies.30 Furthermore, our longitudinally collected data had potential to introduce timedependent confounding, which occurs when variables may have indicated a need or desire for
surgery, been influenced by surgery, and potentially affected PROMs at the final time point.31
Because of the time-dependent confounding issue, conventional regression methods or
propensity scores for treatments at a fixed time point were not optimal. The marginal structural
model (MSM) analysis described in this section attempted to mitigate confounding by
indication bias and time-dependent confounding by using inverse probability of treatment
weighting (IPTW).32,33 However, it is important to note that this method assumes no
unmeasured confounding, an assumption that is not empirically verifiable.34,35
To compare the effectiveness of CIC/IDC/voiding bladder management vs surgery using
longitudinally collected QOL data, we first created a subset of data for participants who,
theoretically, could be randomly assigned to either maintaining CIC/IDC/voiding bladder
management or receiving surgical treatment. Surgical treatment for this analysis included
injection of BTX, bladder augmentation with or without catheterizable channel, catheterizable
channel alone, and urinary diversion (ie, conduit or continent catheterizable pouch). To develop
a group of participants who potentially could be randomly assigned to maintaining
CIC/IDC/voiding bladder management or receiving surgical treatment, we excluded participants
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who previously had surgery (including BTX administration) and participants with
CIC/IDC/voiding who were ineligible for surgery because of an increased risk for complications,
including drug use (specifically, methamphetamine, cocaine, or heroin), congestive heart
failure, dementia, chronic obstructive pulmonary disease, diabetes with end-stage organ
failure, moderate to severe liver disease, AIDS (not HIV positive), and malignancy (specifically,
leukemia, lymphoma, metastatic solid tumor). These were based on categories for determining
the Charlson Comorbidity Index (CCI),36 and we also excluded participants with a CCI score ≥5,
indicating several severe comorbidities.
We estimated the causal effect of surgical treatment within the 1-year assessment
period of our study compared with continuation of CIC/IDC/voiding throughout this period. We
applied IPW, under an MSM, to evaluate the comparative effectiveness of surgery vs
CIC/IDC/voiding among participants who were candidates for surgery.34,37 Specifically, we
compared mean levels of patient outcomes at the final 12-month time point between
participants who received surgery during the 1-year assessment period vs participants who
continued CIC/IDC/voiding management, controlling for time-dependent confounding by using
stabilized weights. Although we had planned to collect data at 5 points (baseline, and 3, 6, 9,
and 12 months), fewer participants received the surgery intervention than we had anticipated,
and we condensed the time frames to 4 for our analysis: baseline and 3, 6 to 9, and 12 months.
The following steps outline our MSM analysis:
1. We used Firth’s penalized logistic regression models to calculate predicted probabilities
of receiving surgery at the 3-month and 6-to-9-month time points. We used Firth’s
approach due to the rarity of the surgical intervention.38 Fixed-time covariates included
age at baseline and level of injury. Time-varying covariates included number of UTIs, SCIQOL Complications, SCI-QOL Difficulties, and NBSS.
2. We used the treatment probabilities to construct IPTWs, which accounted for
confounding by indication bias in our final outcome model.39 IPTWs are formed by a
ratio of 2 probabilities, where the numerator is the probability that a patient received
the treatment (at time t) conditioned on treatment history and variables measured at
baseline. The denominator is similar, but it further conditions on time-dependent
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factors in addition to treatment history and baseline variables.34 The numerator model
of the IPTW included injury level and age at baseline. The denominator model included
injury level; age at baseline; number of UTIs at time t – 1; and either the SCI-QOL
Complications, SCI-QOL Difficulties, or NBSS at t – 1, depending on the outcome model.
3. The product of IPTW across the 2 time points yielded the subject-specific stabilized
weights used in our final outcome models to adjust for time-dependent confounding.
Applying the stabilized weights essentially generated a pseudo-population under which
participants were randomly assigned to treatment under the assumption that the
measured covariates fully accounted for confounding.
4. In this pseudo-population we estimated the average causal effect of surgical treatment
during the 1-year study period using a survey-weighted linear regression analysis to
predict SCI-QOL Complications, SCI-QOL Difficulties, and NBSS, in separate models,
incorporating patient-specific stabilized weights. Each model included an indicator
variable for surgery during the study period as the predictor variable and adjusted for
age at baseline, site, and level of injury. We used this model to report the comparative
effectiveness of surgery in terms of the average difference in SCI-QOL Complications,
SCI-QOL Difficulties, and NBSS scores between the 2 groups, along with 95% CIs.
Because there was fairly high missingness of approximately 25% in our outcome
measures (SCI-QOL scores and NBSS at the 12-month and earlier time points) and in some of
our predictor variables, and because the missingness in the outcomes was not monotonic, we
used multiple imputation rather than inverse probability of censoring weights (IPCWs) to
handle missing data.40,41 IPCWs are typically used to handle monotonic missingness, the
situation in which a study participant is lost to follow-up: after their first missing value, there
are no additional missing values. In our data set, the missingness was sporadic; a participant’s
3-month outcome might have been missing but then their 6- and 12-month assessment data
might have been available. This situation is more amenable to multiple imputation, which
makes use of all nonmissing measures to impute plausible values. Baseline and follow-up
factors beyond the variables being analyzed were incorporated into the imputation model to
account for dependence of the missing data mechanism on other measured factors.
Specifically, we included NBSS, SCI-QOL, income, UTI, age, sex, site, level of injury, years since
injury, treatment status, employment status, current living situation, and injury severity in the
imputation model and applied data augmentation using Markov chain Monte Carlo to generate
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20 imputed data sets.42,43 The multiple-imputation approach assumes missing values are
missing at random, given the other available covariates. This assumption is reasonable if the
missingness in the NBSS and SCI-QOL outcomes was associated with other variables in the data
set, which we found to be the case where enrollment site, injury severity, current living
situation, sex, age, and income were associated with missingness.44 The MSM analysis was
conducted separately on all 20 imputed data sets and the results were pooled by applying the
Rubin formula.43 The analysis with imputation was considered primary, but we also conducted a
sensitivity analysis using case-wise deletion for comparison. Statistical analyses were conducted
using R, version 3.4.4, significance was assessed at the α = 0.05 level, and all tests were 2tailed.29

Additional analysis. Given the concern over the low number of interventions, which
we defined as surgery or first-time injection of BTX, we also performed a multivariable analysis
of change in primary outcomes over the course of the year, controlling for multiple factors and
including surgery or BTX injection as a covariable. This was an analogous analysis to what we
performed in aim 3 (described in the next subsection of Methods). We restricted our analysis to
participants who had 1 year of follow-up and those who had answered the question about
surgery or BTX in the previous year. We controlled for similar covariates as in aim 1 and
covariates similar to those used in the causal inference model in aim 2. Covariates for this
analysis included sex, hospitalization for UTI in the last year, enrollment site, current living
situation, years since SCI, level of injury, physical limitations, and age grouped by decade.
For all covariates in the model, we reported estimated regression coefficients, which
measures the magnitude of change associated with that variable (negative change for all
PROMs in this study indicates improvement), with 95% CIs and P values. Statistical analyses
were conducted in SAS, version 9.4,45 significance was assessed at the α = 0.05 level, and all
tests were 2-tailed. This analysis was not separated by level of injury; instead, level of injury
was used as a covariate (tetraplegic vs paraplegic).
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Aim 3—Analytic and Statistical Approaches: the Effects of Complications on
Bladder-Related QOL
In aim 3, we used a longitudinal analysis of a cohort of participants to characterize
differences in characteristics and baseline bladder-related symptoms and QOL in participants
who had a urinary tract complication during follow-up and those who did not. In addition, we
looked at primary outcome measures before and after the complication. We defined urinary
complication by asking participants, “Were you admitted to the hospital or seen in the
emergency department, IN THE LAST YEAR, for a complication not related to a planned
surgery?” Participants were then prompted to supply the reason for their hospital visit. Urinary
tract complications were defined as a positive response to any of the following: (1) urinary
tract, bladder, or kidney infection; (2) kidney failure; (3) urinary stone(s); (4) testicle,
epididymis, or scrotum infection; and (5) other (ie, when the description matched these or
other urinary tract problems such as hematuria or difficulty with catheterizing).
We included participants who had completed a valid exit interview after their
longitudinal follow-up period (6 months to 1 year), answered the question about urinary tract
complication, and had reported a date for the urinary tract complication that was within their
follow-up period. The analysis of QOL change pre- and postcomplications was restricted to
participants who had valid pre- and postcomplication primary outcome QOL measures (ie, NBSS
total, SCI-QOL Difficulties, and SCI-QOL Complications).
In this analysis, we tested for differences in participant demographics, injury
characteristics, and SCI complications, similar to aim 1 (ie, between participants who had a
urinary complication over the course of follow-up and those who did not, as well as changes in
primary QOL measures before and after a urinary tract complication). Continuous variables
were compared using either the t test or Kruskal-Wallis test to determine if the mean or
median in the complication group was significantly different from the mean or median in the
no-complication group. Categorical variables were compared by chi-square test to determine
whether the distribution of the variables was independent from the occurrence of a
complication (yes/no). We then performed a similar assessment of the differences in primary
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outcome measures (at enrollment) in participants who had a urinary tract complication and
those who did not.
Participants who had completed questionnaires before and after the incidence of a
urinary tract complication were analyzed for changes in pre- vs postassessments in the primary
outcomes for the study. We performed paired t tests to determine if the pre- and
postassessment differences within each participant were statistically significantly different. We
used multiple linear regression models to determine whether there was a linear relationship
between urinary tract complications and baseline primary outcome measures, controlling for all
the other factors noted in the Confounding Variables section. For all covariates in the model,
we reported estimated regression coefficients, which measure the magnitude of change
associated with that variable (negative change for all PROMs in this study indicates
improvement), with 95% CIs and P values. Statistical analyses were conducted in SAS, version
9.4,45 significance was assessed at the α = 0.05 level, and all tests were 2-tailed. This analysis
was not separated by level of injury; instead, we used level of injury as a covariate (ie,
tetraplegic vs paraplegic).

Protocol Changes
Change in Accrual Period
An important protocol change occurred midway through our data collection for the
study. The main change consisted of extending the baseline recruitment time from 6 months to
a total of 18 months. We changed the protocol to gain additional participants to strengthen the
analysis of baseline and longitudinal changes.

Analysis Changes
Voiding was added as a category. At the beginning of the study, we did not appreciate
that a substantial number of participants would manage their bladder with spontaneous
voiding. In fact, in the final cohort, 269 of 1479 participants (18%) managed their bladder by
voiding. The voiding category spanned participants leaking into diapers, using Credé or Valsalva
maneuvers to void, using condom catheters, and having volitional control of urine and voiding
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into a toilet. We added questions to the enrollment interview to characterize the voiding
category further but treated all spontaneous voiding as 1 category regardless of change.
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RESULTS
Study Enrollment and Demographics
We screened a total of 2357 participants for the study. Ultimately, 1479 (63%) enrolled
and completed baseline questionnaires. A total of 1268 (86%) completed the exit interview for
the study (14% were lost to follow-up or dropped from the study). The study flow diagram is
displayed in Figure 6.
Figure 6. Study Flow of Participants From Enrollment
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Abbreviations: CIC, clean intermittent catheterization; NBSS, Neurogenic Bladder Symptom Score; REDCap,
Research Electronic Data Capture; SPT, suprapubic tube.

Participants (N = 1479) were recruited from across the United States and Canada (Figure
7). We had enrollment from 48 states in the United States plus the District of Columbia and
Canada. There were no participants from North Dakota and Rhode Island. The most participants
(n ≥ 50) were in those states where NBRG centers are located (ie, Michigan, Minnesota, and
Utah) plus California and Florida. There were 30 to 49 participants from (in ascending order)
Colorado, New York, Illinois, South Carolina, Ohio, North Carolina, Georgia, Texas, and
Pennsylvania.
Figure 7. Geographic Distribution of Cohort

Number ranges are of the number of participants recruited from that state.

The demographics, characteristics, and injury specifics of the cohort are summarized
and compared between participants with paraplegia and tetraplegia in Table 8. Overall mean ±
SD age of the cohort was 44.8 ± 13.1 years, with the paraplegia group being slightly older (P =
0.049). More than half (60.4%) of the cohort was male and male participants were more likely
to have tetraplegia. Almost 40% of the cohort was female, which is an overrepresentation
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compared with contemporary national Model Sci statistics. Proportionally, those with
paraplegia were more likely to be overweight than those with tetraplegia. There were no
differences between tetraplegia and paraplegia with regard to race, ethnicity, current smoking
status, current alcohol use, current recreational drug use, and education. In the total cohort,
11.6% reported current marijuana use and 35.5% were employed for wages (37.1% of patients
with paraplegia, 33.2% of those with tetraplegia), 5.7% were currently students, and 38.2%
were unable to work. Recruitment was predominantly via social media or remote enrollment
(70.9%), and 25.2% was from direct contact in a clinic. Most of the cohort had private insurance
(41.9%), followed by Medicaid (40.8%) and Medicare (25.6%). Only a small proportion had
worker’s compensation benefits (3.3%).
The cohort’s SCI characteristics were notable for 38.2% having complete injuries (AIS-A)
and 56.9% having incomplete injuries (AIS-B, -C, or -D). The mean ± SD time since injury for the
entire cohort was 14.6 ± 11.8 years (range, 0-54.7 years) with no difference between
participants with paraplegia and those with tetraplegia (P = 0.342). The majority of injuries
were caused by motor vehicle accidents (44.4%), followed by fall, diving, sports injury, or
firearm injury (36.4%). A majority of the cohort had a current or previous pressure ulcer (59.5%)
and chronic pain (69.3%). According to responses to the NBD questionnaire, 41.5% of
participants were classified as having severe bowel dysfunction.
Bladder management complications were notable for differences in primary bladder
management method, based on paraplegia vs tetraplegia. Those with paraplegia were more
likely to manage their bladder with CIC compared with those with tetraplegia (62.3% vs 36.0%,
respectively). Conversely, participants with paraplegia were less likely to manage their bladder
with an IDC compared with those with tetraplegia (9.8% vs 29.6%, respectively). Only 13.2% (n
= 195) of the total cohort had previous bladder surgery to help bladder management. UTIs were
experienced by most participants, with 47.8% reporting 1 to 3 UTIs and 27.9% reporting ≥4 UTIs
the last 12 months. Twelve percent reported being hospitalized for a UTI in the last 12 months,
and this occurred more commonly in participants with tetraplegia that those with paraplegia (P
= 0.01). Approximately 20% of the cohort reported previous administration of BTX to the
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bladder and a small number of participants reported history of urinary stones (6.8% bladder
stones, 6.0% kidney or ureteral stones) with more events occurring in the participants with
tetraplegia (P = 0.013).
Other differences between participants with paraplegia and those with tetraplegia
included age, sex, obesity, employment, chronic pain, completeness of injury, and
hospitalization for UTI.
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Table 8. Demographics, Medical Characteristics, and Injury Specifics of NBRG–SCI Registry
Participants

Total
(N = 1479)

Participants
with
paraplegia
(n = 843)

Participants
with
tetraplegia
(n = 636)

P value

44.8 (13.1)

45.4 (13.2)

44.0 (13.0)

0.049

Median (IQR)

44.9 (34.354.1)

45.5 (35.154.4)

44.7 (33.353.3)

Range

18.0-86.0

18.0-83.3

18.4-86.0

Male sex

894 (60.4)

470 (55.8)

424 (66.7)

<0.001

White

1270 (85.9)

719 (85.3)

551 (86.6)

0.812

Asian

19 (1.3)

10 (1.2)

9 (1.4)

African American

101 (6.8)

60 (7.1)

41 (6.4)

Other

89 (6.0)

54 (6.4)

35 (5.5)

Hispanic

80 (5.5)

59 (7.1)

21 (3.3)

25.1 (21.929.8)

25.8 (22.430.9)

24.4 (21.228.5)

Underweight

89 (6.1)

34 (4.1)

55 (8.7)

Normal

608 (41.4)

326 (39.0)

282 (44.6)

Overweight

771 (52.5)

476 (56.9)

295 (46.7)

Obese

356 (24.3)

229 (27.4)

127 (20.1)

0.0 (0.0-1.0)

0.0 (0.0-1.0)

0.0 (0.0-1.0)

0.0-9.0

0.0-9.0

0.0-6.0

146 (9.9)

91 (10.8)

55 (8.6)

0.166

Never

493 (33.4)

287 (34.1)

206 (32.4)

0.789

Monthly or less

470 (31.8)

264 (31.4)

206 (32.4)

≥2 times per mo

513 (34.8)

290 (34.5)

223 (35.1)

1295 (88.2)

746 (89.3)

549 (86.6)

Variablea
Demographic
Age, mean (SD), y

Race

BMI, median (IQR), kg/m2

0.008

BMI classification

CCI score, median (IQR)
Range
Current smoker

<0.001

Current alcohol consumption

Current recreational drug use
Never

0.062
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Total
(N = 1479)

Participants
with
paraplegia
(n = 843)

Participants
with
tetraplegia
(n = 636)

Marijuana

171 (11.6)

86 (10.3)

85 (13.4)

Other (cocaine,
nonprescription narcotics)

3 (0.2)

3 (0.4)

0 (0.0)

High school completed or
less

294 (19.9)

169 (20.0)

125 (19.7)

Some or all of college
degree

959 (64.9)

543 (64.4)

416 (65.5)

Some or all of graduate
degree

225 (15.2)

131 (15.5)

94 (14.8)

Employed for wages

524 (35.5)

313 (37.1)

211 (33.2)

Student

84 (5.7)

34 (4.0)

50 (7.9)

Retired or homemaker

218 (14.7)

137 (16.3)

81 (12.8)

Out of work and looking for
work

40 (2.7)

32 (3.8)

8 (1.3)

Out of work, not looking for 47 (3.2)
work

28 (3.3)

19 (3.0)

Unable to work

565 (38.2)

299 (35.5)

266 (41.9)

Single/never married

636 (43.1)

328 (39.1)

308 (48.4)

Married/living with partner

600 (40.7)

365 (43.6)

235 (36.9)

Separated/divorced/widow
ed

238 (16.1)

145 (17.3)

93 (14.6)

1430 (96.8)

817 (97.0)

613 (96.4)

0.487

Clinic

373 (25.2)

186 (22.1)

187 (29.4)

0.003

Remote/social media

1049 (70.9)

619 (73.4)

430 (67.6)

Other/missing

57 (3.9)

38 (4.5)

19 (3.0)

Variablea

P value

Education
0.896

Employment status
<0.001

Marital status

Currently living in a private
residence

0.002

Recruitment

Insurance
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Total
(N = 1479)

Participants
with
paraplegia
(n = 843)

Participants
with
tetraplegia
(n = 636)

P value

Medicare

378 (25.6)

183 (21.7)

195 (30.7)

<0.001

Medicaid

604 (40.8)

339 (40.2)

265 (41.7)

0.574

Private insurance

619 (41.9)

355 (42.1)

264 (41.5)

0.816

Worker’s compensation

49 (3.3)

36 (4.3)

13 (2.0)

0.018

No insurance or
other/unknown

62 (4.2)

44 (5.2)

18 (2.8)

0.023

<0.001

Variablea

Injury characteristics
Injury classification
Paraplegia

797 (53.9)

Tetraplegia

636 (43.0)

Other

46 (3.1)

Level of injury
Cervical

635 (42.9)

Thoracic

693 (46.9)

Lumbar

117 (7.9)

Sacrum

6 (0.4)

Unknown/other

28 (1.9)

Completeness of injuryb
AIS-A (complete)

565 (38.2)

380 (45.1)

185 (29.1)

AIS-B, -C, -D (incomplete)

841 (56.9)

417 (49.5)

424 (66.7)

AIS-E (normal strength)

8 (0.5)

5 (0.6)

3 (0.5)

14.6 (11.8)

14.3 (11.7)

14.9 (11.9)

Median (IQR)

11.0 (5.1-22.4)

10.6 (5.0-21.9)

11.6 (5.3-23.1)

Range

(0.0-54.7)

(0.0-53.7)

(0.1-54.7)

Motor vehicle accident

645 (44.4)

359 (43.6)

286 (45.5)

Crushed or other trauma

38 (2.6)

27 (3.3)

11 (1.8)

Fall/diving/sport
injury/firearm injury

529 (36.4)

255 (30.9)

274 (43.6)

Medical/surgical accident

45 (3.1)

36 (4.4)

9 (1.4)

Years since injury, mean (SD)

0.342

Etiology of SCI
<0.001
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Total
(N = 1479)

Participants
with
paraplegia
(n = 843)

Participants
with
tetraplegia
(n = 636)

195 (13.4)

147 (17.8)

48 (7.6)

Stand and walk without
help

92 (6.2)

54 (6.4)

38 (6.0)

Use a cane, walker, or
other walking device some
or all of the time

140 (9.5)

96 (11.4)

44 (6.9)

Use manual wheelchair
some or all of the time

784 (53.2)

574 (68.4)

210 (33.0)

Use power wheelchair
some or all of the time

459 (31.1)

115 (13.7)

344 (54.1)

Current or past pressure ulcer

880 (59.5)

491 (58.3)

389 (61.2)

0.269

Chronic pain

1024 (69.3)

605 (71.8)

419 (66.1)

0.019

Severe bowel dysfunction
(NBD score ≥14)

570 (41.5)

310 (39.9)

260 (43.6)

0.165

CIC

754 (51.0)

525 (62.3)

229 (36.0)

<0.001

IDC

271 (18.3)

83 (9.8)

188 (29.6)

Surgery

195 (13.2)

101 (12.0)

94 (14.8)

Spontaneous voiding

259 (17.5)

134 (15.9)

125 (19.7)

Foley

81 (30)

32 (39)

49 (26)

SPT

190 (70)

51 (61)

139 (74)

Conduit (colon or ileal
conduit, ileovesicostomy)

35 (18)

12 (12)

23 (24)

Continent pouchc

7 (3)

4 (4)

3 (3)

Augmentation cystoplastyd
Without catheterizable
channel

126 (65)
79

70 (70)

56 (60)

Variablea
Medical disease

P value

Current mobility
<0.001

Bladder management method
Primary bladder management

IDC type (n = 271)
0.038

Surgery type (n = 195)
0.15
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Variablea

Total
(N = 1479)

Participants
with
paraplegia
(n = 843)

Participants
with
tetraplegia
(n = 636)

P value

With catheterizable
channel
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Catheterizable channel
alonee

27 (14)

15 (15)

12 (13)

Condom catheter

59 (23)

16 (12)

43 (34)

0.003

Spontaneous voiding

200 (77)

118 (88)

82 (66)

<0.001

Volitional (toilet)

77 (30)

32 (24)

45 (36)

<0.001

Leak (diapers/condom
catheter)

71 (27)

26 (19)

45 (36)

Maneuvers
(Valsalva/Credé)

97 (37)

67 (50)

30 (24)

Unspecified

14 (5)

9 (7)

5 (4)

0

388 (26.3)

226 (26.8)

162 (25.5)

1-3

677 (45.8)

374 (44.4)

303 (47.7)

≥4

413 (27.9)

243 (28.8)

170 (26.8)

Hospitalization for UTI in last
12 mo

177 (12.0)

85 (10.1)

92 (14.5)

0.01

History of BTX

304 (20.7)

185 (22.0)

119 (18.9)

0.142

Bladder stone

100 (6.8)

47 (5.6)

53 (8.3)

0.013

Ureteral or kidney stone

89 (6.0)

42 (5.0)

47 (7.4)

Voiding specifics (n = 259)

Type of voiding (n = 259)

Bladder-related complications
No. of UTIs in last 12 mo
0.435

Prior urolithiasis surgery

Abbreviations: AIS, American Spinal Injury Association Impairment Scale; BMI, body mass index; BTX, botulinum
toxin; CCI, Charlson Comorbidity Index; CIC, clean intermittent catheterization; IDC, indwelling catheter; IQR,
interquartile range; NBD, Neurogenic Bowel Dysfunction; NBRG, Neurogenic Bladder Research Group; SCI, spinal
cord injury; SPT, suprapubic tube; UTI, urinary tract infection.
aData are reported as the No. (%), unless otherwise specified. Missing values: male sex, n = 1; obese, n = 69; education, n
= 4; employment, n = 5; pain, n = 2; years since injury, n = 2; complete, n = 7; no. of UTIs, n = 1; hospitalization for
UTI, n = 2; severe bowel dysfunction, n = 108.
b
AIS-A or if AIS grade unknown, participants were asked if their SCI is complete or incomplete.
c
Right colon or other continent catheterizable pouch.
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Bladder augmentation with or without a catheterizable channel.
A separate catheterizable channel without augmentation or catheterizable pouch.

d
e

Aim 1—Bladder QOL Differences With Different Bladder Management Methods
Bladder QOL was measured with the NBSS and SCI-QOL questionnaires. There were
significant associated differences in primary QOL outcomes by injury level: the NBSS total score
and SCI-QOL Difficulties were associated with higher (worse) scores in participants with
paraplegia (both P < 0.001) compared with participants with tetraplegia (Table 9). All the
secondary outcomes also differed by injury level: all were higher for participants with
paraplegia except NBSS Consequences, which was higher in participants with tetraplegia (P =
0.019).
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Table 9. Univariable Comparisons of Primary and Secondary Outcomes by Level of Paralysis

Variable

Participants
with
All participants paraplegia

Participants
with
tetraplegia

No. of participants (%)

1479

843 (57)

636 (43)

NBSS, mean (SD)

24.2 (10.8)

26 (10.9)

21.7 (10.1)

Median (IQR)

23 (16-32)

26 (18-34)

20 (14-28)

Range

0-63

0-63

1-61

58.1 (7.6)

59.3 (7.5)

56.5 (7.5)

Median (IQR)

58.8 (54.262.9)

60 (55.9-63.8)

57.5 (51.761.5)

Range

37.6-81.5)

37.6-81.5)

37.6-80.7)

50.4 (8.9)

50.6 (8.8)

50 (9.1)

Median (IQR)

49.9 (44.157.2)

50.2 (44.157.2)

49.4 (43.556.9)

Range

38.4-77.7

38.4-77.7

38.4-77.7

10 (7)

11.6 (6.9)

7.8 (6.5)

Median (IQR)

10 (4-15)

12 (8-16)

8 (1-12)

Range

0-28

0-28

0-26

7.5 (4.3)

7.9 (4.2)

6.9 (4.4)

Median (IQR)

7 (4-10)

8 (5-11)

7 (3-10)

Range

0-20

0-20

0-20

6.7 (3.2)

6.6 (3.2)

7 (3.3)

Median (IQR)

7 (5-9)

6 (4-9)

7 (5-9)

Range

0-20

0-19

0-20

2.2 (1.2)

2 (1.2)

P value

Primary outcomes

SCI-QOL Difficulties,a mean
(SD)

SCI-QOL Complications,b
mean (SD)

<0.001

<0.001

0.24

Secondary outcomes
NBSS Incontinence, mean
(SD)

NBSS Storage and Voiding,
mean (SD)

NBSS Consequences, mean
(SD)

NBSS Satisfaction, mean (SD)c 2.1 (1.2)

<0.001

<0.001

0.019

0.002
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Median (IQR)

2 (1-3)

2 (1-3)

2 (1-3)

Range

0-4

0-4

0-4

Abbreviations: IQR, interquartile range; NBSS, Neurogenic Bladder Symptom Score; SCI-QOL, Spinal Cord Injury–
Quality of Life Measurement System.
aMissing values, n = 4
b
Missing values, n = 5.
c
NBSS Satisfaction refers to the final question of the NBSS: “If you had to live your life with the way your bladder
(or urinary reservoir) currently works, how would you feel?”

Interaction Effects
In a multivariable regression analysis, we detected an interaction effect between
method of bladder management and injury level. We observed significant differences in the
relationship between injury level and bladder-related function and QOL for different bladder
management strategies (Table 10). These differences were seen in the total NBSS and the NBSS
subdomains: Incontinence, Storage and Voiding, and Consequences (for interaction, P < 0.05).
Because of this interaction effect, we decided to analyze QOL outcome measures separately for
participants with paraplegia and those with tetraplegia.
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Table 10. Interaction Effects by Level of Paralysis and Bladder Management
Variable

Coefficient, mean (95% CI)

P value

Intercepta

26 (25.1-26.9)

<0.001

IDC

–4 (–6.4 to –1.6)

<0.001

Surgery

–3.4 (–5.6 to –1.3)

0.002

Voidingb

5.1 (3.2-7)

<0.001

Tetraplegiac

–2.5 (–4.1 to –0.9)

0.002

Tetraplegia, IDC

–2.5 (–5.5 to 0.6)

0.12

Tetraplegia, voidingd

–3.2 (–6.2 to –0.3)

0.032

Tetraplegia, surgery

1.5 (–1.7 to 4.8)

0.36

Intercept

59.46 (58.82-60.09)

<0.001

IDC

–0.21 (–1.95 to 1.54)

0.82

Voiding

0.99 (–0.42 to 2.41)

0.17

Surgery

–2.84 (–4.44 to –1.25)

<0.001

Tetraplegia

–2.29 (–3.45to –1.13)

<0.001

Tetraplegia, IDC

–2.29 (–4.55 to –0.03)

0.047

Tetraplegia, voiding

0.62 (–1.54 to 2.77)

0.57

Tetraplegia, surgery

0.97 (–1.42 to 3.37)

0.43

Intercept

50.6 (49.9-51.4)

<0.001

IDC

2.4 (0.4-4.5)

0.020

Voiding

–1.4 (–3.1 to 0.3)

0.11

Surgery

–0.4 (–2.3 to 1.5)

0.69

Tetraplegia

–0.2 (–1.6 to 1.2)

0.79

Tetraplegia, IDC

–1 (–3.6 to 1.7)

0.48

Tetraplegia, voiding

–1.7 (–4.3 to 0.8)

0.19

Tetraplegia, surgery

–1.3 (–4.1 to 1.5)

0.37

P for interaction

NBSS

0.033

SCI-QOL Difficulties

0.09

SCI-QOL Complications

0.55
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Variable

Coefficient, mean (95% CI)

P value

Intercept

11.78 (11.22-12.35)

<0.001

IDC

–1.01 (–2.55 to 0.52)

0.2

Voiding

1.13 (–0.12 to 2.39)

0.08

Surgery

–2.52 (–3.93 to –1.11)

<0.001

Tetraplegia

–3.55 (–4.58 to –2.52)

<0.001

Tetraplegia, IDC

–1.14 (–3.13 to 0.86)

0.26

Tetraplegia, voiding

0.12 (–1.8 to 2.03)

0.9

Tetraplegia, surgery

2.42 (0.29-4.55)

0.026

Intercept

7.68 (7.38-7.98)

<0.001

IDC

–3.97 (–4.78 to –3.16)

<0.001

Voiding

4.48 (3.82-5.14)

<0.001

Surgery

–0.87 (–1.61 to –0.13)

0.022

Tetraplegia

0.37 (–0.17 to 0.91)

0.18

Tetraplegia, IDC

–1.16 (–2.21 to –0.11)

0.03

Tetraplegia, voiding

–1.57 (–2.58 to –0.56)

0.002

Tetraplegia, surgery

–0.54 (–1.65 to 0.58)

0.35

Intercept

6.6 (6.3-6.8)

<0.001

IDC

1 (0.2-1.7)

0.009

Voiding

–0.5 (–1.1 to 0.1)

0.1

Surgery

0 (–0.7 to 0.6)

0.91

Tetraplegia

0.7 (0.2-1.2)

0.007

Tetraplegia, IDC

–0.2 (–1.1 to 0.8)

0.73

Tetraplegia, voiding

–1.8 (–2.7 to –0.9)

<0.001

Tetraplegia, surgery

–0.3 (–1.4 to 0.7)

0.51

2.23 (2.13-2.33)

<0.001

P for interaction

NBSS—Incontinence

0.047

NBSS—Storage and
Voiding

0.011

NBSS—Consequences

0.002

NBSS—Satisfaction
Intercept
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Variable

Coefficient, mean (95% CI)

P value

IDC

0.02 (–0.25 to 0.29)

0.88

Voiding

0.18 (–0.05 to 0.4)

0.12

Surgery

–0.73 (–0.98 to –0.48)

<0.001

Tetraplegia

–0.11 (–0.29 to 0.08)

0.26

Tetraplegia, IDC

–0.16 (–0.51 to 0.2)

0.38

Tetraplegia, voiding

–0.3 (–0.64 to 0.05)

0.09

Tetraplegia, surgery

0.15 (–0.23 to 0.53)

0.43

P for interaction

0.17

Abbreviations: IDC, indwelling catheter; NBSS, Neurogenic Bladder Symptom Score; SCI-QOL, Spinal Cord Injury–
Quality of Life Measurement System.
a
Average NBSS for participants with paraplegia who used clean intermittent catheterization (CIC), because these
are the reference levels of the injury level and bladder management strategy variables.
b
Average difference in NBSS between voiding and CIC for participants with paraplegia (NBSS [Voiding, paraplegia] –
NBSS [CIC, paraplegia]).
c
Average difference in NBSS between participants with tetraplegia and participants with paraplegia using CIC (NBSS
[CIC, tetraplegia] – NBSS [CIC, paraplegia]).
d
Difference in differences of NBSS between voiding and CIC and between participants with tetraplegia and those
with paraplegia (ie, [NBSS {Voiding, tetraplegia} – NBSS {CIC, tetraplegia}] – [NBSS {Voiding, paraplegia} – NBSS
{CIC, paraplegia}]). For participants with paraplegia, the difference in NBSS between voiding and CIC is 5.1. The
interaction terms indicate that in participants with tetraplegia, the effect of voiding vs CIC is 3.2 points lower than
the effect of voiding vs CIC in participants with paraplegia. Thus, for the former, the difference between voiding
and CIC is 5.1 – 3.2 = 1.9. Equivalently, we can say that for participants who use CIC, the difference between those
with tetraplegia and those with paraplegia is –2.5. The interaction term indicates that in participants who use
voiding, the effect of tetraplegia vs paraplegia is 1.5 points higher than the effect of tetraplegia vs paraplegia in
participants who use CIC. Thus, for participants who use voiding, the difference between tetraplegia and
paraplegia is 1.5 – 2.5 = –1.0.
Reference: CIC – paraplegia are the reference levels. Estimated NBSS total score for participants with paraplegia
using CIC is 26 (95% 25.1~26.9) – NBSS row 1.
Main effects: Coefficients indicate the estimated difference in NBSS total score between each nonreference
bladder management method (IDC, voiding, or surgery) and the reference bladder management method (CIC –
paraplegia) for (NBSS row #2 – row #4), or difference in NBSS score between CIC – paraplegia and CIC – tetraplegia
(row #5).
Interaction: P value type 3 is a likelihood ratio test comparing goodness of fit between the model with interaction
and the model with only main effects. It tests the overall interaction effect (ie, H0: if the effect of management
method on the outcome is the same for participants with paraplegia and participants with tetraplegia. In our
model, this overall interaction is significant for NBSS (P = 0.033) and the null hypothesis is rejected. The coefficients
indicate difference in the effect of management method on NBSS total score between participants with tetraplegia
and participants with paraplegia (row #6 – row #8).
Example: For participants with paraplegia, the difference in NBSS between voiding and CIC is 5.1; for participants
with tetraplegia, the difference between voiding and CIC is 5.1 – 3.6 = 1.5 The interaction terms indicate that in
participants with tetraplegia, the effect of voiding vs CIC is 3.6 points lower than the effect of voiding vs CIC in
participants with paraplegia (5.1 – 1.5 = 3.6).
Equivalently, we can say that for participants who use CIC, the difference between paraplegia and tetraplegia is
−2.5; for participants who use voiding, the difference between paraplegia and tetraplegia is –2.5 + 1.5 = –1.0. The
interaction term indicates that in participants who use CIC, the effect of paraplegia vs tetraplegia is 1.5 points
higher than the effect of paraplegia vs tetraplegia in participants who use voiding (–1 + 2.5 = –1.5).
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Primary Outcomes
The IDC and surgery groups were associated with improved total NBSS score and the
voiding group was associated with a worse score for participants with paraplegia and those
with tetraplegia, compared with CIC (Tables 11 and 12). In participants with paraplegia, there
was an associated improvement in the total NBSS with increasing age and male sex, and
associated worsened NBSS with chronic pain and more UTIs (both 1-3 and ≥4 per year). In
participants with tetraplegia, there was an associated improvement in the total NBSS with
increasing age and male sex, and associated worsened NBSS with obesity and more UTIs (both
1-3 and ≥4 per year).
In participants with paraplegia in the surgery group, there were associated improved
scores in SCI-QOL Difficulties (Table 13). In participants with tetraplegia, the IDC and surgery
groups had associated improved SCI-QOL Difficulties, but these scores were worse in the
voiding group. None of the bladder management groups was associated with worse SCI-QOL
Complications scores. The SCI-QOL Complications questionnaire was associated with worse
scores for many of the SCI complications (ie, chronic pain, number of UTIs, hospitalization for
UTI, and severe bowel dysfunction).

Secondary Outcomes
In participants with paraplegia, the IDC and surgery groups had associated improved
scores in the Incontinence and Storage and Voiding subdomains of the NBSS, compared with
CIC (Table 11). There was no difference in the Consequences subdomain. In participants with
paraplegia in the surgery group, there was an associated improved score in Satisfaction
compared with CIC. In participants with tetraplegia, there was an associated improvement in
the Incontinence subdomain for the IDC group and associated worse score for the voiding
group compared with CIC (Table 12). For the Storage and Voiding subdomain, there was an
associated improved score for IDC and surgery and a worse score for voiding, compared with
CIC. The Consequences subdomain was associated with improved scores for Voiding
participants compared with CIC. The only difference in Satisfaction was improvement
associated with surgery, compared with the CIC group.
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It is important to note that the surgery group consisted mostly of participants who had
undergone augmentation cystoplasty with or without and catheterizable channel (n = 126 of
195 [65%]).
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Table 11. Participants With Paraplegia: Multivariable Regression Results Showing Changes Associated With the NBSS and Its
Subdomains Associated With 4 Bladder Management Methods
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Table 12. Participants With Tetraplegia: Multivariable Regression Results Showing the Changes Associated With the NBSS and Its
Subdomains Associated With 4 Bladder Management Methods
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Table 13. Multivariate Regression Results Showing Associations Between Different Bladder Management Methods, SCI-QOL
Difficulties, and SCI-QOL Complications for Participants With Paraplegia and Those With Tetraplegia
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Aim 2—Comparative Effectiveness of Surgery vs Other Bladder Management
Methods
A total of 1072 participants completed an exit interview, met the criteria for inclusion in
the causal inference analysis, and indicated if they had undergone surgery or BTX injection
during the study period. Of the 1072 participants, 61 reported having undergone surgery or a
BTX injection for the first time in the course of their follow-up. For 46 of these, surgery or BTX
injection occurred within the study follow-up period and the patients had valid before and after
primary outcome measures (Table 14). In these 46 participants, 47 procedures were performed,
33 (72%) had BTX injection, and 14 (30%) underwent surgery (continent catheterizable pouch, n
= 1; urinary conduit, n = 2; augmentation cystoplasty, n = 5; augmentation cystoplasty with
catheterizable channel, n = 6).
Table 14. Characteristics of Cohort Included in Analysis of Comparative Effectiveness of
Surgery or BTX Injection

Variablea

Total
(N = 1072)

CIC/IDC/voiding Surgery/BTX
(n = 1026)
(n = 46)
P valueb

Study enrollment site, No. (%)

0.80

Minnesota

420 (39.2)

404 (39.4)

16 (34.8)

Michigan

229 (21.4)

219 (21.3)

10 (21.7)

Utah

423 (39.5)

403 (39.3)

20 (43.5)

Current living situation, No. (%)

0.33

Nursing home

25 (2.3)

24 (2.3)

1 (2.2)

Private residence

1,039 (97.0)

995 (97.1)

44 (95.7)

Other

7 (0.7)

6 (0.6)

1 (2.2)

Household income, No. (%), $

0.64

<20 000

211 (19.7)

203 (19.8)

8 (17.4)

20 000 to <100 000

475 (44.3)

451 (44.0)

24 (52.2)

>100 000

117 (10.9)

114 (11.1)

3 (6.5)

Don’t know/prefer not to answer 269 (25.1)

258 (25.1)

11 (23.9)
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Variablea

Total
(N = 1072)

CIC/IDC/voiding Surgery/BTX
(n = 1026)
(n = 46)
P valueb

Time since SCI, mean ± SD, y

14.4 ± 11.8

14.6 ± 11.8

8.9 ± 10.2

Years since SCI, No. (%)

<0.001

<1

52 (4.9)

46 (4.5)

6 (13.0)

1-5

228 (21.3)

212 (20.7)

16 (34.8)

>5

792 (73.9)

768 (74.9)

24 (52.2)

Level of injury, No. (%)

0.49

Paraplegic

612 (57.1)

588 (57.3)

24 (52.2)

Tetraplegic

460 (42.9)

438 (42.7)

22 (47.8)

Physical limitations, No. (%)

0.016

Mobile

206 (19.3)

202 (19.7)

4 (8.7)

Manual wheelchair

560 (52.3)

539 (52.6)

21 (45.7)

Powered wheelchair

304 (28.4)

283 (27.6)

21 (45.7)

45.3 ± 13.0

45.5 ± 12.9

42.1 ± 14.2

Age, mean ± SD, y
10-y age group, No. (%)

0.085
0.099

<20

9 (0.8)

9 (0.9)

0 (0.0)

20 to <30

139 (13.0)

127 (12.4)

12 (26.1)

30 to <40

248 (23.1)

236 (23.0)

12 (26.1)

40 to <50

284 (26.5)

274 (26.7)

10 (21.7)

≥50

392 (36.6)

380 (37.0)

12 (26.1)

Sex, No. (%)

0.047

Female

367 (34.2)

345 (33.6)

22 (47.8)

Male

705 (65.8)

681 (66.4)

24 (52.2)

112 (12.3)

101 (11.7)

11 (23.9)

Were you admitted to the hospital
or seen in the emergency
department for a UTI?, No. (%)

<0.001

0.014

Abbreviations: BTX, botulinum toxin; CIC, clean intermittent catheterization; IDC, indwelling catheter; SCI, spinal
cord injury; UTI, urinary tract infection.
a
Missing values: current living situation, n = 1; where are you currently living, n = 1; physical limitations, n = 2; UTI,
n = 162.
b
P values are generated by t test for continuous variables and chi-square or Fisher exact test for categorical
variables. P values reflect comparison of the grouping CIC/IDC/voiding with the surgery/BTX group.
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Figure 8 shows the stabilized weights between participants who had treatment and
those who did not during the follow-up period. There was no effect of surgery on the primary
outcome measures using the MSM analysis, when controlling for age, site, and injury level
(Table 15). A sensitivity analysis using case-wise deletion rather than multiple imputation to
handle missingness yielded results that were consistent with the results presented in Table 15
(data not shown).
In the secondary multivariable analysis of change in primary outcome measures, there
was no significant effect of surgery or BTX when multiple factors were controlled for (Table 16).
This was also true of simple comparison between participants receiving surgery or BTX for all
primary outcome measures (data not shown).
Figure 8. Weighted Propensity Scoring for Treatment vs No Treatment

Mean
Median
First quartile
Third quartile
Minimum
Maximum

Untreated
1.000
0.994
0.988
1.005
0.943
1.255

Treated
0.973
0.897
0.628
1.276
0.181
2.519
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Table 15. Treatment Effect of Surgery or BTX Injection on Primary Outcome Measures

Variable

NBSS Coefficient
change (95% CI)

P value

SCI-QOL Difficulties
Coefficient change
(95% CI)

P value

SCI-QOL Complications
coefficient change (95%
CI)

P value

Age

–0.089 (–0.138 to –
0.040)

<0.001

–0.070 (–0.141 to
0.001)

0.05

–0.077 (–0.127 to –
0.028)

0.002

Level of injury

–4.58 (–6.16 to –3.55)

<0.001

–3.04 (–4.08 to –
1.99)

<0.001

–0.91 (–2.22 to 0.41)

0.18

Site
Utah

Referent

Minnesota

1.75 (0.28-3.22)

0.02

1.80 (0.56-3.04)

0.004

0.39 (–0.96 to 1.74)

0.57

Michigan

0.82 (–0.88 to 2.52)

0.34

1.17 (–0.20 to 2.55)

0.09

–0.34 (–2.58 to 1.91)

0.77

0.40 (–3.03 to 3.84)

0.82

–0.31 (–3.04 to 2.42)

0.82

–0.68 (–3.74 to 2.39)

0.66

Surgery

Referent

Referent

Abbreviations: BTX, botulinum toxin; NBSS, Neurogenic Bladder Symptom Score; SCI-QOL, Spinal Cord Injury—Quality of Life Measurement System.
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Table 16. Multivariable Analysis of Primary Outcome Measures at Baseline Compared With 12 Months of Follow-upa

Covariate

NBSS Coefficient
change (95% CI)

P value

0.68 (0.63-0.73)

<0.001

SCI-QOL Difficulties
coefficient change
(95% CI)
P value

SCI-QOL Complications
coefficient change
(95% CI)

P value

0.59 (0.52-0.65)

<0.001

Primary outcome
NBSS
SCI-QOL Difficulties

0.64 (0.58-0.71)

<0.001

SCI-QOL Complications
Surgery or BTX during
study

–1.31 (–3.78 to
1.16)

0.299

–0.58 (–2.91 to
1.75)

0.627

0.18 (–2.43 to 2.78)

0.895

Baseline UTI

0.87 (–0.76 to
2.50)

0.295

0.57 (–0.95 to 2.09)

0.459

3.02 (1.32-4.72)

<0.001

Male sex

0.17 (–0.98 to
1.31)

0.771

–0.02 (–1.09 to
1.05)

0.967

–0.29 (–1.47 to 0.89)

0.629

Study enrollment site
Minnesota

Referent

Referent

Referent

Michigan

–0.76 (–2.15 to
0.64)

0.289

–0.50 (–1.79 to
0.79)

0.448

–1.41 (–2.85 to 0.03)

0.055

Utah

–0.80 (–2.05 to
0.45)

0.207

–1.54 (–2.70 to –
0.38)

0.009

–0.25 (–1.54 to 1.05)

0.705

Current living situation
Private residence

Referent

Referent

Referent
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Covariate

NBSS Coefficient
change (95% CI)

P value

SCI-QOL Difficulties
coefficient change
(95% CI)
P value

SCI-QOL Complications
coefficient change
(95% CI)

P value

Nursing home

–4.29 (–7.81 to –
0.76)

0.017

–1.63 (–4.98 to
1.72)

0.339

–0.47 (–4.21 to 3.28)

0.807

Other

–0.08 (–7.61 to
7.46)

0.984

–5.19 (–12.18 to
1.81)

0.146

–2.96 (–10.76 to 4.83)

0.455

Years since SCI
>5

Referent

Referent

Referent

<1

0.59 (–1.77 to
2.95)

0.624

–0.32 (–2.56 to
1.92)

0.781

–1.88 (–4.37 to 0.62)

0.140

1-5

–0.43 (–1.82 to
0.96)

0.543

0.05 (–1.24 to 1.34)

0.944

–0.64 (–2.08 to 0.80)

0.382

Level of injury
Paraplegic

Referent

Tetraplegic

–0.99 (–2.20 to
0.21)

Referent
0.107

–0.67 (–1.79 to
0.44)

Referent
0.235

–0.26 (–1.49 to 0.97)

0.680

Physical limitations
Mobile

Referent

Referent

Referent

Manual wheelchair

–0.28 (–1.81 to
1.25)

0.718

0.13 (–1.27 to 1.54)

0.854

0.49 (–1.09 to 2.06)

0.544

Powered wheelchair

–1.12 (–2.82 to
0.58)

0.196

–0.64 (–2.21 to
0.93)

0.426

0.29 (–1.47 to 2.06)

0.743
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Covariate

NBSS Coefficient
change (95% CI)

P value

SCI-QOL Difficulties
coefficient change
(95% CI)
P value

SCI-QOL Complications
coefficient change
(95% CI)

Referent

Referent

P value

Age group
≥50

Referent

<20

–11.95 (–21.22 to
–2.69)

0.012

13.48 (4.88-22.07)

0.002

5.60 (–3.98 to 15.18)

0.251

20 to <30

–0.30 (–2.08 to
1.49)

0.745

–0.15 (–1.80 to
1.50)

0.857

0.21 (–1.63 to 2.05)

0.821

30 to <40

0.08 (–1.36 to
1.53)

0.911

0.58 (–0.76 to 1.92)

0.397

0.93 (–0.56 to 2.42)

0.221

40 to <50

0.04 (–1.31 to
1.38)

0.959

0.42 (–0.82 to 1.67)

0.506

0.73 (–0.67 to 2.12)

0.308

Abbreviations: BTX, botulinum toxin; NBSS, Neurogenic Bladder Symptom Score; SCI-QOL, Spinal Cord Injury—Quality of Life Measurement System.
a
Data on participants with <12 months of follow-up were excluded.
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Aim 3—The Effects of Complications on Bladder-Related QOL
An exit interview was completed by 1251 participants who responded to the question of
whether they had experienced a urinary tract complication over the course of follow-up. A total
of 160 participants had a urinary complication and gave a date for this complication that was in
the range of their follow-up. In the univariable analysis, there were multiple associations with
having suffered a urinary complication during longitudinal follow-up (Table 17). Some notable
associations were rate of IDCs, education and unemployment, tetraplegia, and the rate and
severity of UTIs in the year before enrollment in the study.
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Table 17. Summary of Baseline Characteristics in a Univariable Comparison of Participants
With and Without a Urinary Complication Over Longitudinal Follow-up
Complication
Variablea

No

Yes

P value

No. of participants (N = 1251)

1091 (87)

160 (13)

CIC

568 (52)

81 (51)

IDC

183 (17)

40 (25)

Surgery

144 (13)

23 (14)

Voiding

196 (18)

16 (10)

45.3 (13.3)

42.9 (13.0)

Median (IQR)

45.5 (34.9, 54.6)

42.9 (32.3, 51.7)

Range

19.0-86.0

18.0-78.7

Male sex

643 (59)

103 (64)

0.19

Obese (BMI >30 kg/m2)

255 (23)

46 (29)

0.13

Educationb

488 (45)

48 (30)

<0.001

Employmentc

424 (39)

36 (23)

<0.001

Paraplegia

632 (58)

78 (49)

0.03

Tetraplegia

459 (42)

82 (51)

Chronic paind

743 (68)

121 (76)

0.06

Time since injury, mean (SD), y

14.9 (11.8)

13.3 (11.3)

0.1

Median (IQR)

11.5 (5.2, 22.6)

9.9 (4.7, 19.6)

Range

0.0-54.7

0.2-51.5

416 (38)

66 (41)

<.001

308 (28)

23 (14)

<0.001

Bladder management
0.01

Demographic characteristics
Age, mean (SD), y

0.03

Injury characteristics

Complete injurye
SCI Complications
No. of UTIs
0
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Complication
Variablea

No

Yes

P value

1-3

498 (46)

82 (51)

≥4

285 (26)

55 (34)

Hospitalization for UTI

98 (9)

44 (28)

<0.001

Severe bowel dysfunctionf

417 (38)

62 (39)

0.22

Abbreviations: CIC, clean intermittent catheterization; IDC, indwelling catheter; UTI, urinary tract infection.
a
Data given as No. (%), unless otherwise indicated.
b
Having earned a bachelor’s degree or higher.
c
Earning wages (including self-employment).
d
Participants were asked, “Do you experience chronic pain?”
e
American Spinal Injury Association Impairment Scale grade A (AIS-A), or if AIS grade unknown, participants were
asked if they had complete or incomplete SCI.
f
Neurogenic Bowel Dysfunction score ≥14.

In a simple analysis of baseline QOL, measured by primary outcomes for the study,
participants who experienced a urinary complication had a higher (worse) associated score in
the SCI-QOL Complication item bank. There were no differences in the other primary outcome
measures (Table 18).
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Table 18. Summary of Baseline Primary Outcome Measures in Participants With and Without
a Urinary Complication Over Longitudinal Follow-up
Complication (N = 1251)
Variablea

No

Yes

Participants, No. (%)

1091 (87)

160 (13)

Mean (SD)

23.9 (10.6)

24.3 (11.7)

Median (IQR)

23.0 (16.0-32.0)

22.5 (16.0-33.5)

Range

0.0-63.0

3.0-52.0

Mean (SD)

57.9 (7.6)

58.0 (8.2)

Median (IQR)

58.8 (54.2-62.9)

58.8 (52.6-62.9)

Range

37.6-82.1

37.6-80.7

Mean (SD)

49.6 (8.7)

54.2 (8.7)

Median (IQR)

49.1 (43.5-56.1)

54.7 (47.6-60.4)

Range

38.4-77.7

38.4-75.2

P value

NBSS
0.68

SCI-QOL Difficulties
0.91

SCI-QOL Complications
<0.001

Abbreviations: IQR, interquartile range; NBSS, Neurogenic Bladder Symptom Score; SCI-QOL, Spinal Cord Injury—
Quality of Life Measurement System.
a
Missing values: NBSS total, n = 9; complications T score, n = 14; bladder management difficulties T score, n = 12.

Participants who had primary outcomes before and after a urinary complication also
had an association with slight worsening of their SCI-QOL Complications score after their
complication. Again, there were no differences in the other primary outcome measures (Table
19).
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Table 19. Difference in Primary Outcome Measures Pre- and Postcomplication in Participants
With Completed Questionnaires Pre- and Postcomplication
Complication (n = 120)
Variablea

Pre

Post

Difference

P value

23.4 (12.0)

23.9 (10.5)

0.51 (7.63)

0.47

57.0 (8.8)

57.1 (8.1)

0.13 (5.57)

0.80

53.4 (9.8)

55.8 (8.4)

2.39 (7.74)

0.001

NBSS
Mean (SD)
SCI-QOL Difficulties
Mean (SD)
SCI-QOL Complications
Mean (SD)

Abbreviations: NBSS, Neurogenic Bladder Symptom Score; SCI-QOL, Spinal Cord Injury—Quality of Life
Measurement System.
a
Missing values: NBSS total, n = 9; complications T score, n = 14; bladder management difficulties T score, n = 12.

After controlling for all of the confounding variables, we observed that participants who
had a complication during longitudinal follow-up also had worsened SCI-QOL Complication
scores at baseline; however, we observed no difference in the other two 2 primary outcome
measures at baseline (Table 20).
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Table 20. Multivariable Regression Analysis Controlling for Multiple Factors Showing the Association Between Having a
Complication During Longitudinal Follow-up and Baseline Primary Outcome Measures
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DISCUSSION
Bladder management method affects bladder symptoms and QOL of individuals with
SCI. We demonstrated positive changes associated with surgery compared with CIC in global
bladder symptoms, as well as in measures of incontinence, storage and voiding, and overall
satisfaction with the urinary system. For some participants, the use of an IDC was associated
with improved measures of overall bladder symptoms, incontinence, and storage and voiding,
but not satisfaction. Participants in the voiding group had associated worse overall bladder
symptoms and, in some participants, associated worse continence and storage and voiding;
however, they had fewer urinary complications. This is not a surprise, because IDCs and CIC
have higher rates of UTIs and other urologic complications compared with spontaneous
voiding.7
Our analysis of the effectiveness of surgery or BTX was limited by a small number of
interventions over the course of the study (only 13 surgeries and 33 participants who had BTX
for the first time). We tried to measure these effects with causal inference analysis as well as
multivariable analysis, but we found no associated differences in outcomes.
Similarly, among participants experiencing a complication during the course of the
study, we did not find differences in PROMs before and after urinary complications, other than
in SCI-QOL Complications. This difference is not surprising, because most of the urinary
complications were UTIs, and this PROM assesses the impact of UTI on individuals with SCI.
Some baseline differences did exist between participants who had complications during the
course of the year, notably bladder management methods, which, again, was not surprising
considering the known association with higher incidence of urinary complications with certain
bladder management methods.7 Other notable differences, however, were education level and
employment between the groups.

Context
Data are limited comparing patient-reported bladder symptoms and QOL with different
bladder management methods. Akkoҫ et al46 used the King’s Health Questionnaire (KHQ; n =
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195) to assess differences in QOL between different bladder management methods in people
with SCI. The KHQ assesses the impact of urinary symptoms and QOL as well as patients’
feelings about them. It is a bladder-specific PROM, but it is not validated in NGB. It is similar to
the SCI-QOL Difficulties used in our study. The authors reported that those participants with
normal voiding had the best bladder-related QOL, and there were no differences in responses
between participants with paraplegia and those with tetraplegia. Akkoҫ et al46 analyzed 5
management groups and found very few participants in the voiding group who did not have
normal volitional control (n = 8), which might have limited their ability to analyze this group.
Another study,47 in which the KHQ also was used for individuals with SCI (n = 142), had similar
results to the study by Akkoҫ et al. SCI participants who voided normally had the best scores,
whereas those with IDCs or who had CIC performed by an attendant had the worst scores in
several of the KHQ subdomains. In contrast to these studies, our study showed that participants
with tetraplegia who were voiding had worse bladder difficulties compared with participants
using CIC. The difference between our study results and those reported by Akkoҫ et al may be
due to our inclusion of all voiding participants in the voiding group, including those who just
leaked into diapers or used condom catheters. We thought these participants might experience
many bothersome bladder symptoms, such as overactive bladder and incontinence, as a result
of their neurologic injury, and it is not a surprise that they might have worse QOL compared
with other groups.
In a survey study of Dutch individuals with SCI (n = 242), Costa et al8 used the SF
Qualiveen, a questionnaire developed and validated in NGB and SCI. This questionnaire, similar
to the KHQ, is analogous to the SCI-QOL Difficulties used in our study. The authors found on
multivariable analysis that IDCs were associated with worse QOL than was CIC. We found the
opposite using SCI-QOL Difficulties: QOL with IDCs compared with CIC was no worse in
participants with paraplegia and was better in participants with tetraplegia. Because individuals
with tetraplegia have a physical impairment limiting their ability to perform CIC, it is not
surprising that an IDC might improve bladder-related QOL more than in individuals with
paraplegia. Similar to our study design, Costa et al8 combined continent and incontinent
surgeries but, unlike our results, on multivariable analysis, there was no difference between
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this group and those using CIC. Their study results were limited by a small surgery group (n =
16), and no participants had augmentation cystoplasty. The reasons for the latter were not
clear, but it may not be a common mode of treatment in the Netherlands.

Generalizability
Every subpopulation of individuals with NGB has unique characteristics that may affect
the generalizability of these results. For instance, individuals with multiple sclerosis, another
common cause of NGB, may have progressive problems with bladder function as their
neurologic status declines. For this reason, discussion with individuals who have multiple
sclerosis will often focus on the trajectory of their disease and less-invasive management
approaches, due to their neurologic status, such as a suprapubic tube rather than augmentation
cystoplasty. Another example is individuals with spina bifida who might have grown up with
urinary incontinence and, unlike individuals with SCI, never had a period of normal voiding. In
these individuals, QOL changes with resolution of incontinence may not be as great as it is in
individuals with SCI who have high expectations about controlling incontinence.
Despite these disease-related limitations in generalizability, the results of our study are
highly relevant to patients with NGB. We can say, on the basis of our results, that we are
preserving QOL with surgery at least to the level of individuals doing well with CIC. In addition,
we can also say that use of an IDC will reliably solve many QOL issues related to incontinence
and storage and voiding. This invaluable information for patients with NGB has not been
demonstrated with any clarity in the literature, to our knowledge. The results of this study
strengthen shared decision-making for all patients with NGB and their physicians.

Implementation
As urologic surgeons, we have implemented the study results in our daily practice.
Information garnered from the study regarding QOL of participants with surgery and IDCs has
been invaluable and has enabled us to counsel patients with NGB in our clinics more effectively.
We have communicated results with our SCI advisory group and other stakeholder groups via
in-person meetings, an online forum, educational conferences, and multidisciplinary grand
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rounds. In the next several months, we plan to develop an online tool for implementation of
the results. The tool will allow individuals with NGB to answer questionnaires and compare
their results with the results from our study. The tool will also allow individuals to self-report
their bladder symptoms and satisfaction with urinary function; individuals with worse scores
will receive automatically generated options that they can then discuss with their provider.

Subpopulations
We did not analyze differences in responses to treatment in subpopulations.

Limitations
A limitation of the study is that some of the primary and secondary outcome measures
were highly correlated, because the total NBSS score was a summary of 3 of the 4 secondary
outcome measures (NBSS subdomains Incontinence, Storage and Voiding, and Consequences).
Another limitation of this study is that the nature of the survey might have introduced inclusion
bias. Individuals with SCI with more severe urinary problems might have enrolled at higher
rates in the study in hope of learning more about NGB. Another limitation is the generalization
of various surgical procedures into a single group. It is important in any complex analysis to
simplify the statistical model, and the ultimate goal of all surgeries is to either alter bladder
dynamics or decrease difficulties with catheterization and bladder management. A similar
limitation is that participants in the voiding group included those with volitional control of their
bladder as well as those who leaked into diapers or used a condom catheter. We did not
attempt to perform a subgroup analysis, because of concern about small sample size, although
we assume there is a difference in bladder-related QOL among these participants. A limitation
of our statistical analysis is the assumption that the covariates that we selected fully adjusted
for confounding between bladder management groups.
Another limitation of the study results is the clinical significance of differences in QOL
measures between populations of participants. Although the changes between groups were
large in the NBSS, other measures, such as SCI-QOL Difficulties, revealed small differences
between groups of much less than 10%, which were not likely to be clinically significant.
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Nevertheless, satisfaction with urinary function, one of the most important measures of
bladder-related QOL, demonstrated large differences in aim 1.
Our study was limited by the extensive nature of the questionnaires. In retrospect,
fewer questionnaires administered in when patients were experiencing complications might
have been more revealing about the impact of complications. For instance, the measures we
used might have been too broad and spread out to measure the impact of a UTI on QOL.
Another limitation is the assumed connection between bladder symptoms and impact on QOL
measures. The NBSS was useful for delineating bladder symptoms and satisfaction in
participants with different management methods, but this did not seem to translate to
participants’ overall feelings about their bladder. This disconnect is summarized by 1
participant’s comment: “I wasn’t sure how to respond to those questions about my bladder. I
mean my bladder is really terrible, but I don’t let it stop me.” This comment illustrates that
although this participant may have a poor NBSS score and low level of satisfaction with bladder
symptoms, the impact on life and feelings may not be that great. It might be that adaptability,
depression, and independence have a much greater impact than bladder symptoms on
perceptions of bladder-related QOL.
Another main limitation was many fewer interventions (ie, surgery and BTX injections)
during the study than anticipated. Our estimations for interventions were inaccurate at the
beginning of the study, and this limited our ability to interpret our MSM analysis and perform it
as originally described, using 5 time points, in our published protocol (aim 2).48 Typically, MSM
analyses have sample sizes in the hundreds to thousands of participants. We were limited by
observing only 46 surgical interventions, which required us to reduce the number of time
points, and limited the number of variables we could adjust for in our weighted models. Our
study results indicate that patients who underwent surgery did not experience improvement in
a measure of SCI-related voiding bladder management status (the NBSS) or SCI QOL (Table 15);
with only 46 such interventions, our study was underpowered to detect an average benefit or
to identify subgroups that had a large benefit.
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It is challenging to examine comparative effectiveness in observational study designs.
Although MSM analysis helps adjust for confounding by indication bias, this method relies on
several assumptions. In particular, MSM analysis assumes that, conditional on covariates, the
treatment assignment is independent of the outcome. There is also an exchangeability
assumption that, conditional on covariates, the treatment assignment is independent of the
outcome with respect to unmeasured variables (ie, there is no unmeasured confounding).
These assumptions are challenging to meet in observational study designs and especially with
our small sample size (n = 46 surgical interventions), by which we were limited to adjusting for
only a few variables in constructing our treatment weights. As a result, it is likely that these
assumptions were not satisfied.
Another limitation of the study is not including in the study design and implementation
all stakeholders involved in the care of individuals with SCI. The stakeholders not included were
nurses, occupational and physical therapists, social workers, insurers, worker’s compensation
representatives, neurologists, gastroenterologists, and neurosurgeons, just to name a few.
Despite the limitations of the study, it is, to our knowledge, the largest survey of individuals
with SCI performed to date using NGB-specific validated questionnaires, and it has generated
powerful data for shared decision-making.
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CONCLUSIONS
After SCI, patient-reported bladder symptoms and QOL are complex and influenced by
multiple patient and injury characteristics. In a cross-sectional survey of bladder-related
symptoms and QOL, individuals after surgery reported better satisfaction with their urinary
symptoms compared with those performing CIC among individuals with paraplegia and those
with tetraplegia. However, in the main analysis using causal inference methods in participants
who changed management during the 1 year of follow-up, there was no change in bladder
symptoms or QOL with surgery or BTX injections. This negative finding highlights the need for
additional prospective studies in surgical patients, especially because our study was
underpowered due to fewer surgical interventions than anticipated. In the cross-sectional
survey, IDCs were also associated with improved bladder symptoms in participants with
tetraplegia. Voiding participants with tetraplegia or paraplegia had associated worse bladder
symptoms in several measures. Our study provides important information about the complex
relationship between bladder management methods, symptoms, and QOL in individuals with
SCI. This is important for shared decision-making when counseling individuals with SCI
regarding bladder management, as well as for guiding additional patient-centered research into
bladder management.
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APPENDICES
Appendix A. Panel of Questionnaires Considered by SCI Stakeholder Group 1
During the First Engagement Meeting vs Those That Were Picked With the Aid of
Stakeholder Input
Considered questionnaires

Final questionnaires

General

General

Modified SF-12

Modified SF-12

Bladder specific

Bladder specific

NBSS

NBSS

SCI-QOL

SCI-QOL

Bladder Management Difficulties

Bladder Management Difficulties

Bladder Complications

Bladder Complications

Functional

Functional

Autonomic Dysreflexia Questionnaire

Autonomic Dysreflexia Questionnaire

Neurogenic Bowel Dysfunction Score

Neurogenic Bowel Dysfunction Score

Pain Likert Scale

Pain Likert Scale

SCI-QOL

SCI-QOL

Basic Mobility

Basic Mobility

Ambulation
Wheelchair Mobility
Self-Care

Self-Care

Fine Motor Function

Fine Motor Function

Bowel Management Difficulties

Bowel Management Difficulties

Skin/Pressure Ulcers
Pain Interference

Pain Interference

Pain Behavior
Psychosocial

Psychosocial
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SCI-QOL
Self-Evaluation
Independence

Independence

Ability to Participate in Social Roles and
Activities
Satisfaction with Social Roles and Activities

Satisfaction with Social Roles and Activities

Positive Affect & Well-Being

Positive Affect & Well-Being

Depression
Resilience
Stigma
SF-12 (Short Form 12 from medical outcomes study), NBSS (Neurogenic Bladder Symptom Score), SCI-QOL (Spinal
Cord Injury Quality of Life Measurement System)
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Appendix B. Questionnaires Included in the Panel, Except SCI-QOL Questions That
Were Computer Adaptive and Cannot Be Easily Placed in Paper Form
The Neurogenic Bladder Symptom Score (NBSS):

90

91

92

93

94

95

The Neurogenic Bowel Dysfunction Score:

96

Pain Likert Scale:
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Modified SF-12:

98

Autonomic Dysreflexia Questionnaire:
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