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Preface

Sean EIIiott MD, MS
United States

Reynaldo Gomez, MD, FACS
Chile

The occurrence of a spinal cord injury (SCI), and its sequela of paraplegia or
tetraplegia, is undoubtedly one of the worst catastrophes a human being can
suffer. The majority of these injuries are the result of trauma, which generally
affects young and previously healthy people. The SCI not only compromises
the physical sphere of the patient, but also severely affects the affective, social,
economic, and occupational spheres, thus presenting a formidable challenge for
rehabilitation.

A few decades ago, urologic pathology, including renal failure and urosepsis,
accounted for the majority of chronic deaths after SCI. With the advent of
urodynamics, intermittent catheterization, anticholinergic therapy, and, occasionally,
surgical reconstruction of the bladder, we have dramatically altered the course of
the disease. However, despite considerable advances, there is a worldwide lack
of knowledge about the management of these patients with SCI, and the quality
of care is deficient even in many developed countries. Indeed, this topic has been
conspicuously neglected by our specialty, which is evident given the secondary
attention that this problem has received in most international forums.

For this reason, we congratulate the Société Internationale d'Urologie (SIU) and
the International Consultation on Urological Diseases (ICUD) for choosing this
issue for the 2016 Consultation, and we are grateful for the opportunity to chair
this project. This is a very wide and heterogeneous area, and is impossible to cover
in its totality. Therefore, we elected to focus on the urologic management of the
patient with traumatic SCI, because it is probably the most relevant scenario and
because most of the principles applied with these patients can be extrapolated
to other etiologies. The whole topic was divided into nine chapters to cover not
only the management of urinary problems, but also the management of the bowel,
fertility, and sexuality. Separate consideration was given to the management of
children and elderly patients. In the last chapter, a global perspective of the current
patterns of care and future directions is presented.

We invited a wide panel of experts, including urologists, neurologists, physiatrists,
and therapists, to participate, with a global representation of continents, cultures,
and socioeconomic statuses. We are grateful to our working group of almost 80
experts from around the world who immediately responded to our invitation with
an impressive enthusiasm, reflecting our common feeling about the need for and
utmost importance of this project.

Each chapter committee performed a comprehensive review of the pertinent
literature, and conclusions and recommendations were produced based on the
published evidence. This Consultation summarizes what is available at this time,
and there is no question that it will have a strong impact on the management of
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patients with SCl in all countries. Despite the valuable information already available,
high-quality studies are still lacking, and there are numerous areas in desperate
need of research, so this work will also help to drive future research efforts.

A condensed form of each chapter will be submitted separately for publication as
supplements in the World Journal of Urology for a more widespread dissemination
of the contents.

Finally, we wish to express our gratitude to the SIU Executive Committee and to
the ICUD Steering Committee, headed by Dr. Paul Abrams, for their wisdom and
support. We are also equally grateful to the SIU editorial staff, led by Christine
Albino, for their invaluable expertise and kind assistance.

s
A fontr
Sean Elliott, MD, MS Reynaldo Gémez, MD, FACS
United States Chile

Co-Chairmen
Joint SIU-ICUD Consultation on Urologic Management
of the Spinal Cord Injured Patient



Introduction

Sean EIIiott MD, MS
United States

Reynaldo Gomez, MD, FACS
Chile

Bladder management has a great impact on the quality of life of the spinal cord
injured individual. Their days can be dominated by issues of finding an accessible
restroom and managing incontinence. There are added matters of medical
importance such as recurrent urinary tract infections and renal dysfunction. We
all encounter these patients in our practices, yet we lack a central repository for
information on this topic. This SIU-ICUD Consultation on the Urologic Management
of the Spinal Cord Injured Patient seeks to fill that gap.

This consultation summarizes a state-of-the-art literature review and its recom-
mendations on the urologic management of patients after spinal cord injury (SCI).

After the nine committees were created, the committee chairs presented a
summary of their exhaustive review during the 36th Congress of the Société
Internationale d'Urologie (SIU) in Buenos Aires, Argentina, in October 2016. The
discussions that ensued from those presentations were then incorporated into the
final manuscript.

On behalf of the International Consultation on Urological Diseases (ICUD) and
its steering committee representing the world’s major urological associations
(American Urological Association [AUA], Confederacion Americana de Urologia
[CAU], European Association of Urology [EAU], International Continence Society
[ICS], SIU, and the Urological Association of Asia [UAA]), it is a great pleasure to
thank each of the nine committees’ chairmen and members for their hard work
in producing this impressive update. The urologic management of patients after
SCI can be a poorly understood and oft-neglected topic. It is challenging since it
crosses many disciplines, and thus much dedication and effort was required by
all involved in this ICUD. As Consultation Chairs, we would like to express our
immense gratitude to the SIU leadership, and in particular to Dr Paul Abrams and
SIU support staff members, Christine Albino and Anna Johansen, for entrusting
us with this important project.

r
Sean Elliott, MD, MS Reynaldo Gémez, MD, FACS

United States Chile

Co-Chairmen
Joint SIU-ICUD Consultation on Urologic Management
of the Spinal Cord Injured Patient
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Evidence-Based Medicine
Overview of the Main Steps
for Developing and Grading
Guideline Recommendations

P. Abrams, S. Khoury, A. Grant

Introduction

The International Consultation on Urological Diseases (ICUD) is a non-governmental organization registered
with the World Health Organisation (WHO). In the last ten years, consultations have been organized on BPH,
prostate cancer, urinary stone disease, nosocomial infections, erectile dysfunction and urinary incontinence.
These consultations have looked at published evidence and produced recommendations at four levels: highly
recommended, recommended, optional and not recommended. This method has been useful but the ICUD
believes that there should be more explicit statements of the levels of evidence that generate the subsequent
grades of recommendations.

The Agency for Health Care Policy and Research (AHCPR) have used specified evidence levels to justify recom-
mendations for the investigation and treatment of a variety of conditions. The Oxford Centre for Evidence-Based
Medicine have produced a widely accepted adaptation of the work of AHCPR. (June 5th 2001, www.cebm.net).

The ICUD has examined the Oxford guidelines and discussed with the Oxford group their applicability to the
consultations organized by ICUD. It is highly desirable that the recommendations made by the consultations
follow an accepted grading system supported by explicit levels of evidence.

The ICUD proposes that future consultations should use a modified version of the Oxford system which can be
directly “mapped” onto the Oxford system.

1. First Step

Define the specific questions or statements that the recommendations are supposed to address.

2. Second Step

Analyze and rate (level of evidence) the relevant papers published in the literature.

The analysis of the literature is an important step in preparing recommendations and their guarantee of quality.
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2.1

What papers should be included in the analysis?

Papers published, or accepted for publication in
the peer-reviewed issues of journals.
The committee should do its best to search for pa-

Papers published in non-peer-reviewed supple-
ments will not be included. An exhaustive list
should be obtained through:

pers accepted for publication by the peer-reviewed I. The major databases covering the last ten

journals in the relevant field but not yet published. years (e.g. Medline, Embase, Cochrane Library,
= Abstracts published in peer-reviewed journals should Biosis, Science Citation Index).

be identified. If of sufficient interest, the author(s) 1. The table of contents of the major journals of

should be asked for full details of methodology urology and other relevant journals, for the last

and results. The relevant committee members can three months, to take into account the possi-

then “peer review" the data, and if the data confirms ble delay in the indexation of the published

the details in the abstract, then that abstract may be papers in the databases.

included, with an explanatory footnote. This is a

complex issue — it may actually increase publication

bias as “uninteresting” abstracts commonly do not

progress to full publication.

It is expected that the highly experienced and expert committee members provide additional assurance that no
important study would be missed using this review process.

2.2 How are papers analyzed?
Papers published in peer-reviewed journals have differing quality and level of evidence. Each committee will
rate the included papers according to levels of evidence (see below).

The level (strength) of evidence provided by an individual study depends on the ability of the study design to
minimize the possibility of bias and to maximize attribution.

It is influenced by:

The type of study, whose hierarchy is outlined below:

= Systematic reviews and meta-analysis of random- =
ized controlled trials "

= Randomized controlled trials "

= Non-randomized cohort studies

Case-control studies
Case series
Expert opinion

How well the study was designed and carried out
Failure to give due attention to key aspects of study methodology increases the risk of bias or confounding
factors, and thus reduces the study’s reliability.

The use of standard checklists is recommended to insure that all relevant aspects are considered and that a
consistent approach is used in the methodological assessment of the evidence.

The objective of the checklist is to give a quality rating for individual studies.
How well the study was reported

The ICUD has adopted the CONSORT statement and its widely accepted checklist. The CONSORT statement
and the checklist are available at www.consort-statement.org.

XXVII


http://www.consort-statement.org

2.3 How are papers rated?
Papers are rated following a level of evidence scale.

ICUD has modified the Oxford Centre for Evidence-Based Medicine levels of evidence.

The levels of evidence scales vary between types of studies (i.e. therapy, diagnosis, differential diagnosis/
symptom prevalence study) the Oxford Centre for Evidence-Based Medicine Website: www.cebm.net.

3. Third Step: Synthesis of the Evidence
After the selection of the papers and the rating of the level of evidence of each study, the next step is to
compile a summary of the individual studies and the overall direction of the evidence in an Evidence Table.

4. Fourth Step: Considered Judgment (Integration of Individual Clinical Expertise)
Having completed a rigorous and objective synthesis of the evidence base, the committee must then make a
judgment as to the grade of the recommendation on the basis of this evidence. This requires the exercise of
judgment based on clinical experience as well as knowledge of the evidence and the methods used to gener-
ate it. Evidence-based medicine requires the integration of individual clinical expertise with the best available
external clinical evidence from systematic research. Without the former, practice quickly becomes tyrannized
by evidence, for even excellent external evidence may be inapplicable to, or inappropriate for, an individual
patient. On the other hand, without current best evidence, practice quickly becomes out of date. Although it
is not practical to lay our “rules” for exercising judgment, guideline development groups are asked to consider
the evidence in terms of quantity, quality, and consistency, as well as applicability, generalizability and clinical
Impact.

5. Fifth Step: Final Grading
The grading of the recommendation is intended to strike an appropriate balance between incorporating the
complexity of type and quality of the evidence, and maintaining clarity for guideline users.

The recommendations for grading follow the Oxford Centre for Evidence-Based Medicine. The levels of
evidence shown below have again been modified in the light of previous consultations. There are now four
levels of evidence instead of five.

The grades of recommendation have not been reduced and a “no recommendation possible” grade has been
added.

6. Levels of Evidence and Grades of Recommendation for Therapeutic Interventions
All interventions should be judged by the body of evidence for their efficacy, tolerability, safety, clinical effec-
tiveness and cost-effectiveness. It is accepted that, at present, little data exists on cost-effectiveness for most
interventions.

6.1 Levels of evidence

Firstly, it should be stated that any level of evidence may be positive (the therapy works) or negative (the
therapy doesn’t work). A level of evidence is given to each individual study.
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Level of

Evidence

Incorporates Oxford 1a, 1h
Usually involves:
= meta-analysis of trials (randomized controlled trials [RCTs]) or,
= a good-quality RCT or,
= “all or none” studies in which treatment is not an option (e.g. in vesicovaginal fistula)

Incorporates Oxford 2a, 2b and 2¢
Includes:

= low-quality RCT (e.g. <80% follow-up),

= meta-analysis (with homogeneity) of good-quality prospective cohort studies

May include a single group when individuals who develop the condition are compared with others from
within the original cohort group.
There can be parallel cohorts, where those with the condition in the first group are compared with those
in the second group

Il = Incorporates Oxford 3a, 3b and 4
= Includes:
= good-quality retrospective case-control studies, where a group of patients who have a condition
are matched appropriately (e.g. for age, sex, etc.) with control individuals who do not have the condition
= good-quality case series, where a complete group of patients, all with the same condition, disease or
therapeutic intervention, are described without a comparison control group

Incorporates Oxford 4
Includes expert opinion, where the opinion is based not on evidence but on “first principles”
(e.g. physiological or anatomical) or bench research.
The Delphi process can be used to give expert opinion greater authority:
= involves a series of questions posed to a panel
= answers are collected into a series of “options”
= these “options” are serially ranked; if a 75% agreement is reached, then a Delphi consensus statement
can be made

6.2 Grades of recommendation

The ICUD will use the four grades from the Oxford system. As with levels of evidence, the grades of evidence
may apply either positively (procedure is recommended) or negatively (procedure is not recommended). Where
there is disparity of evidence, for example if there were three well-conducted RCTs indicating that Drug A was
superior to placebo, but one RCT whose results show no difference, then there has to be an individual judg-
ment as to the grade of recommendation given and the rationale explained.

Grade A recommendation usually depends on consistent level | evidence and often means that the recom-
mendation is effectively mandatory and placed within a clinical-care pathway. However, there will be occasions
where excellent evidence (level I) does not lead to a Grade A recommendation, for example, if the therapy is
prohibitively expensive, dangerous or unethical. Grade A recommendation can follow from Level Il evidence.
However, a Grade A recommendation needs a greater body of evidence if based on anything except Level |
evidence.

Grade B recommendation usually depends on consistent level 2/3 studies, or “majority evidence” from RCTs.
Grade C recommendation usually depends on level 4 studies or “majority evidence” from level 2/3 studies or

Delphi processed expert opinion.
Grade D “"No recommendation possible” would be used where the evidence is inadequate or conflicting and
when expert opinion is delivered without a formal analytical process, such as by Delphi.
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7. Levels of Evidence and Grades of Recommendation for Methods of
Assessment and Investigation

From initial discussions with the Oxford group, it is clear that application of levels of evidence/grades of recom-

mendation for diagnostic techniques is much more complex than for interventions. The ICUD recommends

that, as a minimum, any test should be subjected to three questions:

1. Does the test have good technical performance? 3. Does the test have good therapeutic perfor-

For example, do three aliquots of the same urine mance, that is, does the use of the test alter
sample give the same result when subjected to clinical management? Does the use of the test
dipstick testing? improve outcome?

2. Does the test have good diagnostic performance,
ideally against a “gold standard” measure?

For the third component (therapeutic performance) the same approach can be used as for section 6.

8. Levels of Evidence and Grades of Recommendation for Basic Science and
Epidemiology Studies

The proposed ICUD system does not easily fit into these areas of science. Further research needs to be carried

out in order to develop explicit levels of evidence that can lead to recommendations as to the soundness of data
in these important aspects of medicine.

Conclusion
The ICUD believes that its consultations should follow the ICUD system of levels of evidence and grades of

recommendation, where possible. This system can be mapped to the Oxford system.

There are aspects to the ICUD system that require further research and development, particularly diagnostic
performance and cost-effectiveness, and also factors such as patient preference.

Summary of the International Consultation on Urological Disease Modified Oxford Centre for
Evidence-Based Medicine Grading System for Guideline Recommendations

vidence
| Meta-analysis of RCTs or high-quality RCT
Il Low-quality RCT or good-quality prospective cohort study
1] Good-quality retrospective case-control study or cohort study

1% Expert opinion

Abbreviation: RCT=randomized controlled trial
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Summary of the International Consultation on Urological Disease Modified Oxford Centre for
Evidence-Based Medicine Grading System for Guideline Recommendations

A Usually consistent with level | evidence

B Consistent level Il or Il evidence or “majority evidence” from RCTs

C Level IV evidence or “majority evidence” from level Il or Il studies

D No recommendation possible because of inadequate or conflicting evidence

RCT=randomized controlled trial
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A spinal cord injury (SCI) is a devastating incident, quite often striking suddenly. A number of trau-
matic or nontraumatic events can lead to a fracture or dislocation of the spinal column, with resultant
damage to the spinal cord leading to SCI. Traumatic causes of SCI include events such as vehicular
or diving accidents, falls, gunshot injuries, disc prolapses, and sudden hyperextension injuries; infec-
tions and vascular events generally make up the nontraumatic causes.

The degree of neurological damage and consequent deficit depends on the level, severity, and extent of
injury and whether the cord transection is complete or partial. Altered pelvic floor function, includ-
ing genitourinary function, is a frequent occurrence following these injuries and can have a signifi-
cant negative impact on both the quantity and quality of life in patients. The urological management
of such patients involves protection of the upper tracts, prevention of complications, facilitating
drainage of the bladder, and maintaining patient quality of life.!

A comprehensive literature review was undertaken for evidence gathering. The studies were identi-
fied by an electronic search of PubMed, Embase, MEDLINE, the Cochrane Database of Systematic
Reviews, and by screening of reference lists and reviews. The search was conducted up to June 2016.
A manual search of relevant references from the selected article was performed if needed. A wide
variety of terms were searched for, including spinal cord injury, epidemiology, etiology, neuroanat-
omy, neurophysiology, and pathophysiology of spinal injuries. Additional terms searched for were
neurogenic bladder, neuropathic bladder dysfunction, autonomic dysreflexia, classification of spinal
cord injury and international standards of spinal cord injury classification. Additionally, a manual
search of relevant urological textbooks was also undertaken.

The incidence and prevalence figures for SCI vary from region to region. Not surprisingly, most
systematic reviews for this condition have been undertaken from the United States, Canada, and
Australia with only a few from Asia. As a result, it is difficult to estimate the exact figures worldwide.

SCI is an injury to the spinal cord from traumatic or nontraumatic etiology, as defined by the
International Spinal Cord Society (ISCoS).2 Despite this, there is not a complete consensus to define
some causes, such as iatrogenic lesions, as either traumatic or nontraumatic. This leads to consider-
able difficulty in properly assessing the epidemiology of SCI and the impact of risk factors in etiologic
processes. Moreover, an accurate quantification of the worldwide prevalence and incidence of SCI is
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challenging and not entirely representative due to the lack of standardized methods of assessment
across regions, limited information in the data collected, and a paucity of reliable data from develop-
ing countries and rural areas.

The causes of injury vary between countries, and among regions within a country, depending upon
location (urban or rural). Overall, the incidence reported varies from 12 to more than 65 cases/
million per year. Data from Olmsted county, Minnesota, United States, from 1975 to 1981 suggested
an age- and sex-adjusted incidence rate of 71 spinal cord injuries/million.> More recent data showed
that the incidence of SCI, excluding those who die at the scene, is 3.5 to 4.0/100,000 persons annually
in the United States.*> According to studies considered to be the most accurate, the annual incidence
of SCI reported in a national system for the year 1991 was around 30.0 to 32.1 persons/million popu-
lation in the United States. These rates correspond to between 7,500 and 8,000 new cases per year
at that time.® Recent data from 2016 show that with a population size of 314 million people in the
United States, the estimated annual incidence of SCI is approximately 54 cases/million population
or approximately 17,000 new SCI cases each year.” As mentioned above, the annual incidence (per
million persons) varies widely by country: from 27 in Japan,8 to 13.4 in Switzerland,® 12.7 in France,!
and 16.7 in South Africa.!t The annual incidence varies within Europe, with 12.1 cases/million in the
Netherlands compared to 57.8 in Portugal.’>!1® The reported incidence from other countries shows
a similar trend, with 38 cases/million including traumatic and nontraumatic SCI in Saudi Arabia
between 2000 and 2010.*

A systematic review in 2010 by Van den Berg et al. showed up to a three-fold variation in incidence
rates between developed countries, with the highest rates reported in Canada and Portugal. Most
traumatic spinal cord injury (tSCI) studies show a bimodal age distribution. The first peak was found
in young men between 15 and 29 years of age and a second peak in older adults (mostly 265 years
old and women).!> A 2011 review article by Cripps et al. reported a prevalence ranging from 236 to
1009/million, but the authors noted that prevalence data are extremely scarce, especially from Asian,
African, and South American countries. The same review found that North America (39/million)
and Japan (40.2/million) had more than twice the incidence of Australia (15/million) and Western
Europe (16/million).'¢ Fitzharris"” used a population-based regression model and estimated the over-
all incidence rate to be 27.5 traumatic SCI per million persons in the global population (population
for 131 countries: 6.250 billion). The estimated tSCI incidence rate ranged from 18.3/million to 42.9/
million.1”

The National Spinal Cord Injury Statistical Center at the University of Alabama at Birmingham’
reported approximately 12,000 new cases each year with 4:1 as the male-to-female ratio. The aver-
age age at injury was 40 years, with the most common injury being incomplete tetraplegia at 30%,
followed by 25.6% for complete paraplegia, 20.4% for complete tetraplegia, and 18.5% for incomplete
paraplegia. In the past, the leading cause of death among SCI patients was renal failure; however,
improved urological management has changed this picture. Presently, pneumonia, pulmonary
emboli, and septicemia supersede renal failure as the leading causes of death for SCI patients.
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1.3.1 Traumatic SCI

A recent review by Singh et al.'8 noted the highest prevalence of tSCI at 906/million in the United
States, and the lowest prevalence at 250/million in the Rhone-Alpes region, France. The crude annual
incidence in the United States was highest in Alaska (83/million) and lowest in Alabama (29.4/million).
The incidence in other parts of the world was found to be 58/million in Central Portugal, 19.5/million
in Stockholm, Sweden, 16.9/million in southeastern Turkey, 14.6/million in Taipei, Taiwan, and
the lowest incidence was 12.7/million, in the Rhone-Alpes region of France. Road traffic accidents
remain the single most common factor, followed closely by falls; this is especially true in the elderly
population. The United Arab Emirates reported the highest incidence of SCI due to work-related fall
injuries, mainly involving the immigrant Indian population.

1.3.2 Nontraumatic SCI

In contrast to traumatic causes, the epidemiology of ntSCI reveals somewhat different statistics
about cause, incidence, and prevalence.? The authors report a prevalence rate of 2,310/million in
Kashmir, India, and 1,120/million in Canada. Not surprisingly, in developing countries there was a
higher proportion of infective causes (tuberculosis and HIV), while developed countries had a higher
proportion of degenerative and neoplastic etiologies. The annual incidence of nontraumatic SCI in
various regions of the world according to the World Health Organization (WHO) is 20/million in
high-income parts of the Asia-Pacific region, 26/million in Australasia, 6/million in Western Europe,
and 76/million in high-income parts of North America. Again, not surprisingly, the same figures are
not available from the developing countries due to lack of adequate data collection. Nonadherence to
minimum standards of data collection and a piecemeal approach to data collection were cited as the
main causes for poor epidemiological information in this study.

1.3.3 SCI and the pediatric population

The estimated incidence of spinal injuries in the pediatric population was 24/million, with higher
incidence of severe injuries among black adolescents.?! Fortunately, the overall incidence of motor
vehicular accidents leading to SCI seems to be coming down, primarily due to increased motor vehic-
ular safety and improved traffic regulations.??
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1.3.4 Conclusions

1. Theincidence and prevalence figures of tSCI show a wide regional variation but the United States still has the highest incidence,
with figures ranging from 83/million in Alaska to 29.4/million in Alabama.

2. Traffic accidents dominate as the most common cause of tSCI, with falls (especially in the elderly population) and violence
coming a close second.

3. The male-to-female ratio for SCl is roughly 4:1, with the average age of injury being 40 years.

4. Globally, age distribution of tSCI is bimodal, with the first peak between 15 and 29 years of age with predominantly male
patients, followed by a second peak, with an increased number of women, at age 65 years and above.

5. Among ntSCl cases, neoplastic and degenerative diseases are more prevalent in the developed world, while infective causes
are more prevalent in the developing world.

6. Incomplete tetraplegia is the most common form of SCI presentation.

7. In addition to a paucity of data collection to adequately evaluate the true incidence and prevalence of SCI worldwide, there is
a lack of adherence to minimum standards of data collection.

1.4.1 Traumatic causes

The major cause of tSCI in industrialized countries is motor vehicle accidents. On a global level, traffic
accidents involving motor vehicles, bicycles, or pedestrians account for the greatest number of SCIs,
typically 50% of all injuries. Some reliable data from Southeast Asia (Thailand and Vietnam) suggests
the most common cause of tSCI was road traffic accidents with two- or three-wheeled vehicles. In
Saudi Arabia, road traffic accidents are still the primary cause of SCI, particularly in young adults.??
Alcohol appears to play a major role in adult SCI, especially given the predisposition in young men
for injuries in traffic accidents. For approximately 25% of patients with acute SCI, alcohol played a
major factor in their injury, with a much smaller percentage for other drugs.

As with incidence, the etiology of tSCI varies from one country to another. Violence/self-harm as a
cause of tSCI was higher in North America (15% of all tSCI, almost all of which were firearm-related
injuries) than in Western Europe (6%), Australia (2%), or Japan (2%).'¢ Violence-related traumatic SCI
occurred in regions of conflict or high availability of weapons: high rates of gunshot injuries linked
to SCI were present in the United States and Brazil, with the highest proportion globally occurring
in South Africa (35-40% in some areas), making violence the primary cause of SCI in this country.
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Falls, especially from trees and rooftops, are the major causes of SCI in Southern Asia and Oceania.
They remain the second most common cause of SCI worldwide after road traffic accidents. Although
in some regions such as Nepal, they are the most common, with 75% of SCI due to falls from heights.?*
Older age is a known risk factor for falls. Not surprisingly, falls may exceed traffic accidents as a
cause of SCI in the population over 65 years of age.?* Lee et al. found that the incidence of traumatic
SCIs from low falls in the elderly is increasing in developed countries with aging populations, while
traumatic SCI resulting from high falls is more frequent in developing countries, commonly from
trees, balconies, and construction sites. However, in some developing countries, low falls resulting in
traumatic SCI occur in young people while carrying heavy loads on the head.?s Japan and Western
Europe had a higher rate of falls (42% and 37%, respectively) when compared with Australia and
North America (29 and 20%, respectively).

About 10% to 15% of all of SCI cases are considered to be sports related.?” This translates to roughly
1,200 new injuries per year with potential associated physical and psychological issues. The total
direct costs for sports-related SCI in the United States is $694 million (USD) per year.?® Diving-
related injuries account for two-thirds of all sports-related SCIs, both in the United States and around
the world.? Recreational diving accounts for the majority of cases. As one might expect, most of the
diving injuries occur during the summer months, in men, and after the consumption of alcohol.
The majority of diving-related injuries usually result in complete neurologic lesions, as opposed to
injuries obtained in other sports, which result more often in incomplete deficits. The injury occurs
almost exclusively in the cervical spine.

For the past 50 years, football-related SCIs have been studied. In the mid-1950s hard helmets were
introduced. Later on, in the 1970s, the development of the tackling technique known as “spearing”
took root, leading to an increase in SCIs on the football field. Hence, this technique was outlawed
in 1976. This led to a 50% drop in the number of high school and college football quadriplegic inju-
ries from 1976.33! Approximately 40 sport-related cases of vertebral column damage without cord
involvement and 7 cases of SCI were reported annually in the United States from 1977 to 2004.32

Significant risks of injury also occur in other contact sports such as hockey and rugby. The incidence
of SCI injuries from these sports is significantly lower in the United States than the incidence of SCI
from football, but in places such as Canada and South Africa where hockey and rugby are widely
played, injuries from these sports comprise the majority of sports-related injuries.?>3

Hyperflexion of the spine is believed to be the predominant mechanism of injury during sporting
activities. However, Torg et al. proved that axial loading caused by a blow to the top of the head was
the most important factor.?> The muscles of the neck and shoulder area normally absorb energy that
is transmitted from the head to the spine. When enough pressure is generated, the bones, ligaments,
and/or discs will fail, causing a cervical injury.?¢ The types of injury typically seen at this junction
are compression or “burst” fractures. It is generally accepted that primary SCI is most commonly a
combination of the initial impact as well as subsequent persisting compression. The primary mecha-
nism involves the initial mechanical injury due to local deformation and energy transformation,
whereas the secondary mechanism encompasses a cascade of biochemical and cellular processes that
are initiated by the primary process and may cause ongoing cellular damage and even cell death.
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Stover et al.¥” reported, using data from the national database in the United States comprising data
on more than 10,000 cases, that the most common cause of SCI was motor vehicle crashes (47.7%),
followed by falls (20.8%), acts of violence comprising gunshot wounds and stabbings (14.6%), and
sporting-related activities (14.2%).

1.4.2 Risk factors

1.4.2.1 Gender

Typically, young male patients comprise the majority of SCI victims, with the incidence rates peak-
ing in the third and fourth decades in most countries. Men are also consistently at greater risk of
morbidity and mortality from SCI across all age groups. The ratio of men to women with respect to
SCl is typically 3:1 to 4:1.43738 The average age at injury has increased from 29 years during the 1970s
to 42 years in 2015.

1.4.2.2 Race
In the United States, about 22% of injuries have occurred among non-Hispanic blacks since 2010,
which is higher than the proportion of non-Hispanic blacks in the general population (12%).”

1.4.2.3 Comorbidities

In 2003, a cross-sectional, prospective survey was undertaken among the members of the Paralyzed
Veterans of America. Respondents were mainly men (97%) and white (82%), and more than half had
a paraplegic-level injury (52%), had been injured for an average of 24 years, and had an average age
at injury of 36 years. Notably, SCI respondents reported a higher prevalence of several comorbidities
than the general population including high blood pressure (49% vs. 26%, respectively), high choles-
terol (47% vs. 30%), and diabetes (19% vs. 7%). Obesity was also a significant problem for individuals
with SCI, with 25% reporting obesity. Of note, hypertension might have been overreported in those
with SCI due to the presence of autonomic dysreflexia in this method of self-reporting.

Infection is a very common cause of rehospitalization, emergency room visits, and mortality in SCI
patients.3%40

Individuals with SCI have an increased risk of bladder cancer; this cancer is more likely to be diag-
nosed at a later stage.

Cervical spondylosis is the most common preexisting abnormality of the spinal column in SCI
patients, with a prevalence rate as high as 10% in some series. Spinal cord trauma may be superim-
posed on and exacerbated by the presence of congenital abnormalities, such as atlantoaxial instabil-
ity, congenital fusions, or tethered cord, and may also occur in the presence of acquired disorders
such as metastatic disease, or spinal arthropathies such as ankylosing spondylitis or rheumatoid
arthritis. Typically, injuries are worsened or occur with a greater frequency in the face of these associ-
ated conditions, and, in some cases, would not have occurred had the associated anomaly not been
present.
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1.4.3 Causes of death

Hackler reported a death rate of 49% from a 25-year prospective follow-up of 270 SCI patients in
the 1970s with renal disease as the major cause of death.*! A decade later the leading causes of death
switched to pneumonia, accidents, and suicides, as a consequence of improved urological care. An
Australian review of mortality data from 335 individuals with tSCI between 1955 and 1994 reported
suicide to be among the four leading causes of death for study subjects.#? The estimated mortality
rate was 2.3 times greater than in the general population and the suicide rate among SCI subjects was
five times greater than among the general population. Most of the death occurred among subjects
younger than 39 years old.*2 A US Department of Veterans Affairs study of SCI patients over a 25-year
period reported suicide rates to be 10-fold greater than in uninjured people.#* One Danish study of
888 individuals with SCI conducted from 1953 to 1990 found that the age-adjusted suicide rate was
almost five times greater than that of the general population. The suicide rate was higher among
those with less severe disabilities than among individuals with complete quadriplegia.

These higher suicide rates were thought to be related to depression, which is more prevalent in this
subset of the population. Kemp and Krause recorded a 31% prevalence rate of depressive disorder in
the SCI community, twice the rate of the general population.*5

The average remaining years of life for persons with SCI has not improved since the 1980s and
remains significantly below life expectancies of persons without SCI. Mortality rates are significantly
higher during the first year after injury than during subsequent years, particularly for persons with
the most severe neurological impairments.”

The patients with SCI in the United States who have been enrolled in the National SCI Database since
its inception in 1973 have now been followed for over 40 years. The causes of death that appear to have
the greatest impact on reduced life expectancy for this population are pneumonia and septicemia.
Mortality rates are declining for this population for cancer, heart disease, stroke, arterial diseases,
pulmonary embolism, urinary diseases, digestive diseases, and suicide. However, these gains are
being offset by increasing mortality rates for endocrine, metabolic, and nutritional diseases; acci-
dents; nervous system diseases; musculoskeletal disorders; and mental disorders. There has been no
change in the mortality rate for septicemia in the National SCI Database population during the past
40 years, and only a slight decrease in mortality due to respiratory diseases.”

Epidemiology and Pathophysiology of Neurogenic Bladder After Spinal Cord Injury M



1.4.4 Conclusions

1. Globally, age distribution of traumatic SCI is bimodal, with the first peak between 18 and 32 years old with predominantly male
patients, followed by a second peak at 65 years and above, with an increased number of female patients.

2. The first peak of traumatic SCI cases mostly involves road accidents, while the second one predominantly involves falls.

3. Globally, road traffic accidents are the most common cause of traumatic SCl and occur primarily in younger people.

4. The second most common cause of SCl is falls, and these occur primarily in older people.

5. In developed countries, the percentage of people with SCI over the age of 60 years has sharply increased, and it is expected
that these trends will continue to escalate in line with ongoing population aging.

6. In developed countries, the paraplegia-to-tetraplegia ratio for SCI is decreasing, and the frequency of incomplete lesions is
increasing.

7. Due to improvements in urological care, the death rate from renal disease in individuals with SCI has decreased.

1.5.1 Overview of various classifications

Standardized terminology, evaluation methods, and neurological classification of SCI are very impor-
tant for communication among medical professionals involved in patient care. Standardized classi-
fication is also important for achieving clinical care and accurate medical records, not only in initial
evaluation of the patients with SCI but also for follow-up evaluations during the course of treatment.
This standardized classification can also be used as a research tool for better understanding SCI
pathophysiology and for indicating recovery of the patient. Historically, various attempts have been
undertaken to set up a standardized classification system using those based on vertebral fracture and
injury mechanisms; however, international consensus could not be achieved. The American Spinal
Injury Association (ASIA) published the first version of the International Standards for Neurological
Classification of Spinal Cord Injury (ISNCSCI) in 1982.46 After several revisions, amendments, and
redefining classification scales, the most recent standards were released in 2015.4

ASIA released the first standardized version using the Frankel Scale to define the neurological levels
and the extent of injury. The Frankel Scale was originally developed in 19694 and it divided the degree
of SCl into 5 scales, from A to E. ASIA used key muscle systems and 29 key sensory areas based on the
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Frankel Scale. ASIA modified the Frankel Scale and renamed it as the ASIA Impairment Scale (AIS)
in the fourth edition released in 1992. The concept of sacral sparing was applied to define complete-
ness of the SCI in the same year. In 1992 ASIA collaborated with the International Medical Society
of Paraplegia (IMSOP)—later renamed as the International Spinal Cord Society (ISCoS)—to endorse
these standards. They were revised and renamed as the International Standards for Neurological and
Functional Classification of Spinal Cord Injury (ISNFCSCI) in 1996.% In 2000, the term “functional”
was removed from the name.>

1.5.2 International Standards for Neurological Classification of
Spinal Cord Injury

1.5.21 Definition and terminology

The ISNCSCI are used to document the neurological examinations performed to measure neurologi-
cal, sensory, and motor level on the right and left sides; sensory and motor scores; zone of partial
preservation; and the ASIA Impairment Scale (AIS) for individuals with SCI (Table 1-1). AIS is a part
of the ISNCSCI system.

There are several terms defined in the ISNCSCI; for example, “tetraplegia” should be used instead
of “quadriplegia,” a term used previously in the case of SCI individuals who have impairment in
the trunk and lower extremities, including the upper limbs. Similarly, the term “paraplegia” should
be used if there is no impairment at the spinal segments for the upper extremities, but damage may
also include thoracic, lumbar, or sacral segments. Paraplegia is also used to describe cauda equina or
conus medullaris lesions. Recently, the use of the traditional term “paresis” referring to incomplete
lesions was abandoned, as incomplete lesions can be more accurately described using AIS.

The neurological level of injury refers to the most caudal region, the lowest normal segment of the
spinal cord with normal sensory and motor function in both sides of the body. Completeness of
neurological impairment should be decided by the presence of sacral sparing, regardless of partial
or complete loss of sensory or motor function after an SCI lesion. Incomplete injury refers to the
preservation of sensory or motor function at the lowest sacral segment (S4-5). However, in complete
injury there is no sacral sparing at all. Similarly, when there is a partial preservation of sensory or
motor function below the neurological level of injury in complete injury, the lowest level of preserved
segments should be recorded for sensory and motor function bilaterally. This condition refers to
the zone of partial preservation (ZPP), which is additionally defined only in complete injury. In the
previous versions, clinical syndromes were described separately from incomplete injuries on the basis
of clinical symptoms/features recorded. These clinical syndromes included central cord syndrome,
Brown-Sequard syndrome, anterior cord syndrome, conus medullaris syndrome, and cauda equina
syndrome. However, since the revised version was released in 2011, these are no longer included in
the ISNCSCI system.

1.5.2.2 Neurological evaluation

Initial neurological evaluation in SCI individuals should be performed in the supine position and
neurological impairment should be evaluated in a total of four different aspects: left, right, sensory,
and motor functions. The level and severity of injury should be determined by function, regardless of
level of injury of the vertebrae (Figure 1-1).5!
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Sensory examination should be performed in a total of 28 dermatomes in both right and left sides.
Additionally, two different kinds of sensory exams should be undertaken to test sensitivity, which
includes light touch and pinprick. Cotton is used for the light touch test and a safety pin for the
pinprick test. Sensory function is graded on a three-point scale, from 0 to 2. Motor function is
assessed in a key muscle in the upper extremities in the segment C5 to T1 and lower extremities in the
segment L2 to S1. The strength of the key muscle is graded on a six-point scale, from 0 to 5. The test is
performed on a total of 10 myotomes in each side, and therefore on a total of 20 when including both
the right and left sides. In myotomes where there is no key muscle available in the segments C2 to C4,
T2 to L1, and S2-54-S5, injury at the motor level is considered the same as that at the sensory level.

To determine complete or incomplete injury, sensory and motor function of S4-5 should be tested to
confirm sacral sparing phenomena. Sensory sacral sparing is evaluated using light touch, pinprick,
and deep anal pressure sensation tests at the S4-5 dermatome, which corresponds to the perianal
area, less than one centimeter lateral to the mucocutaneous junction of the anus. Deep anal pressure
is performed by digital rectal examination where the second finger is inserted into the rectum to feel
the pressure on the rectal wall against the thumb outside the anus. Motor sacral sparing is deter-
mined by the presence or absence of reproducible voluntary contraction of the anal sphincter around
the examiner’s finger upon squeezing the finger of the examiner. As previously mentioned, complete
injury would be associated with no sacral sparing, meaning no sensory and motor function at S4-5,
the lowest sacral segment.

1.6.2.3 Limitations of the current standard evaluation method

Nowadays, the ISNCSCI system is widely accepted as the standard evaluation method for SCI
patients. However, there are several limitations. The ISNCSCI system has interexaminer variability
since it depends solely on a physical examination. There should be clearer and more detailed defini-
tions of thoracic segments in the future. In addition, one of the major flaws is that the ISNCSCI is
used to evaluate the SCI patients with only sensory and motor function, and there is no assessment
of autonomic functions in spite of their importance. To standardize the evaluation of the autonomic
nervous system, ASIA and ISCoS recently collaborated to develop the International Standards to
Document Remaining Autonomic Function after Spinal Cord Injury (ISAFSCI ) in 201252 (Figure 1-2).
The resultant Autonomic Standards Assessment Form (ASAF) is recommended to be completed
during all evaluations for individuals with SCI. This ASAF is a separate worksheet from the ISNCSCI.
ASAF consists largely of two parts: general autonomic function and the lower urinary tract/bowel/
sexual function. In the evaluation of the lower urinary tract system, there are three categories to be
scored: awareness of the need to empty the bladder, continence, and bladder emptying method. Since
there are only very short categories for lower urinary tract evaluation, it is very difficult to describe
complex situations in patients. Therefore, a separate form of the International Spinal Cord Injury
Urodynamic Basic Data Set is available for documentation if the patient underwent a urodynamic
test as a part of evaluation of the autonomic nervous system.

14 UROLOGIC MANAGEMENT OF THE SPINAL CORD INJURED PATIENT



1.6.3 American Spinal Injury Association Impairment Scale (AIS)

This grading system is originally based on the Frankel Scale and there have been many modifications
over the years to reach the most recent version. Currently, it is named the ASIA Impairment Scale
and is incorporated as a part of the ISNCSCI system. The degree of impairment is recorded using
AIS (Table 1-1) on a five-point grading system, from A (complete) to E (normal). Grade A is complete
injury of both sensory and motor function as mentioned above. Grade B is incomplete injury where
only sensory function is preserved below the neurological level of injury. In the most recent (2015)
version of AIS, motor function should be preserved at least three segments below the neurological
level of injury in both grades C and D. It should be emphasized that sensory and/or motor sacral
sparing should be present in all incomplete injury categories. Grade E means normal sensory and
motor function in patients who had previous impairment due to SCIL.

1.5.4 Conclusions

1.

The ISNCSCI classification system has been widely used for neurological evaluation and classification of SCI individuals since
its establishment in 1982. Not surprisingly, it continues to evolve with improvement in understanding of SCI pathophysiology.

. The ISNCSCI system describes neurological examination involving sensory and motor function tests to determine the

neurological level, and sensory and motor function, and the ASIA Impairment Scale of individuals with SCI. [LOE 4]

. The ISNCSCI depends only on physical examination to evaluate the SCI patients. Therefore, it may have limitations including

interexaminer variability. [LOE 4]

There has been a lack of assessment regarding the autonomic nervous system.

1.5.5 Recommendations

Clinicians should use the ASAF for evaluation of autonomic function during all evaluations for individuals with SCI. [GOR B]

. Itis recommended to improve accuracy and reliability in the standardization of the lower urinary tract dysfunction secondary to

SCl to facilitate diagnosis and management strategies.

Clinicians should use the ASIA impairment scale for evaluation of completeness of injury (sensory and motor). [GOR B]
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TABLE 1-1 American Spinal Injury Association Impairment Scale

Using
ND

Complete
Sensory
Incomplete

Motor
Incomplete

Motor
Incomplete

Normal

No sensory or motor function is preserved in the sacral segments S4 and S5.

Sensory but not motor function is preserved below the neurological level and includes the sacral
segments S4 and S5 (light touch or pinprick at S4-5 or deep anal pressure) AND no motor function is
preserved more than three levels below the motor level on either side of the body.

Motor function is preserved at the most caudal sacral segments for voluntary anal contraction OR

the patient meets the criteria for sensory incomplete status (sensory function preserved at the most
caudal sacral segments [S4—S5] by light touch, pinprick, or deep anal pressure), and has some sparing
of motor function more than three levels below the ipsilateral motor level on either side of the body.

(This includes key or non-key muscle functions to determine motor incomplete status.) For AlS Type
C—Iless than half of key muscle functions below the single nerve lesion have a muscle grade >3.

Motor incomplete status as defined above, with at least half (half or more) of key muscle functions
below the single neurological level of injury (NLI) having a muscle grade =3.

If sensation and motor function as tested with the ISNCSCI are graded as normal in all segments, and
the patient had prior deficits, then the AlS grade is E. Someone without an initial SCI does not receive
an AlIS grade.

To document the sensory, motor, and NLI levels, the ASIA Impairment Scale grade, and/or the zone of
partial preservation when they are unable to be determined based on the examination results.

Table courtesy of the American Spinal Injury Association (ASIA)
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FIGURE 1-1

International Standards for
Neurological Classification of
Spinal Cord Injury (ISNCSCI)
Worksheet

Image courtesy of the American
Spinal Injury Association:
International Standards for
Neurological Classification of Spinal
Cord Injury, revised 2011, Atlanta, GA,
Revised 2011, Updated 2015.

FIGURE 1-2

International Standards

to Document Remaining
Autonomic Function after
Spinal Cord Injury (ISAFSCI)
Worksheet

Image courtesy of the American
Spinal Injury Association: Autonomic
Standards Assessment Form.

Available at: http./asia-spinalinjury.

org/committees/autonomic-standards,
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It is essential for any physician involved in the care of SCI patients to have an understanding of
the structure and function of the normal spinal cord. The neuroanatomy of the spinal cord and
lower urinary tract can be classified according to the type of impulses carried (e.g. parasympathetic,
sympathetic, and somatic), or by the anatomical level from where it arises (e.g. cervical, thoracic,
lumbar, and sacral). In this section, how the level of SCI affects the lower urinary tract function, and
how the altered physiology and neural control® leads to the pathophysiology of SCI will be discussed.
It is important to recognize the interplay between these factors to understand how an injury at a
particular level affects the function of the lower urinary tract.

1.6.1 Gross anatomy

1.6.1.1 Spinal cord anatomy

The spinal cord is a tubular structure that originates below the foramen magnum and ends at the
level of the first or second lumbar vertebra; it measures around 45 cm in length in men, and 42 cm in
length in women. It has two enlargements, a cervical (C3-T2) one from where the nerves to the upper
limbs emerge, and a lumbar (L3-S3) one for the legs and the pelvic viscera. The spinal cord is fixed at
the bottom to the coccyx. Although it only comprises 2% of the nervous system, the spinal cord is of
vital importance, as it contains tracts that are responsible for communicating between the brain and
the rest of the body, carrying an enormous amount of information in both directions.

The spinal cord is covered by the same three meninges as the brain: the pia, arachnoid, and dura, and
is attached to the brain by a series of lateral denticulate ligaments emanating from the pial folds. The
tracts in the spinal cord are arranged in a precise order with each carrying a specific set of informa-
tion (Figure 1-3). The emerging nerves are numbered in sequence as they exit from corresponding
vertebrae as cervical, thoracic, lumbar, and sacral nerves. During the third month of embryonic
development the spinal cord extends the entire length of the vertebral canal and both grow at about
the same rate. As development continues, the body and the vertebral column continue to grow at
a much greater rate than the spinal cord. This results in misalignment as to the spinal cord itself
and the equivalent spinal nerve leading to the adult spinal cord, which terminates at the level of the
first or second lumbar vertebrae, with the nerves extending down within the vertebral canal to exit
through the same intervertebral foramina as they did during embryonic development. The resulting
configuration gives the typical appearance of cauda equina on cross-sectional imaging.

The spinal cord has 31 segments, and each one of them has two dorsal and two ventral roots (except
for the first cervical segment, which only has a pair of ventral roots). In the cervical segments, there
are seven cervical vertebrae and eight cervical nerves (Figure 1-3). The Cl1 to C7 nerves exit above
their vertebrae, whereas the C8 nerve exits below C7 and above the first thoracic vertebra. Then each
subsequent nerve leaves the cord below the corresponding vertebra.

Each spinal nerve is composed of nerve fibres that are related to the region of the muscles and skin
that develop from one body somite (segment). The spinal nerve roots are formed by the union of
dorsal and ventral roots within the intervertebral foramen, resulting in a mixed nerve joined together
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and forming the spinal nerve. Spinal nerve rami include the dorsal primary ramus, which innervates
the skin and muscles of the back, and the ventral primary ramus, which innervates the ventral lateral
muscles and skin of the trunk, extremities, and visceral organs.>*
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1.6.1.2 Cross-sectional anatomy

There is a distinct distribution of grey and white matter within the different segments of the spinal
cord, with more grey matter in the lower segments. However, the tracts and the type of information
carried in each is essentially the same throughout the length of the spinal cord. In the centre of the
spine runs a central canal, filled with cerebrospinal fluid, which is surrounded by a single layer of
cells, the ependymal cells. Around these is the grey matter, which contains cell bodies, and has an
H-shaped structure. The grey matter is divided into four columns: dorsal horn, intermediate column,
lateral horn, and ventral horn column (Figure 1-4). The dorsal horn is found at all spinal cord levels
and comprises sensory nuclei that receive and process incoming somatosensory information. The
ascending projections emerge to transmit the sensory information to the midbrain and diencepha-
lon. The intermediate column and the lateral horn comprise autonomic neurons innervating visceral
and pelvic organs. The ventral horn comprises motor neurons that innervate skeletal muscle. Another
and more recent classification of neurons within the grey matter is based on function, and divides the
neurons into three categories: root cells, column or tract cells, and propriospinal cells.
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The root cells are located in the ventral and lateral grey horns and vary greatly in size. The root cells
contribute their axons to the ventral roots of the spinal nerves and are grouped into two major divi-
sions: somatic efferent root neurons and the visceral efferent root neurons, also called preganglionic
autonomic axons, which send their axons to different autonomic ganglia.

The column or tract cells are confined entirely within the central nervous system (CNS). The axons of
the column cells form longitudinal ascending tracts that ascend in the white columns and terminate
upon neurons located rostrally in the brain stem, cerebellum, or diencephalon.

The propriospinal cells are spinal interneurons whose axons do not leave the spinal cord. They
account for about 90% of spinal neurons.

The intermediolateral nucleus is located in the intermediate zone between the dorsal and the ventral
horns, and extends from C8 to L3. It receives viscerosensory information and contains preganglionic
sympathetic neurons, which form the lateral horn. A large proportion of its cells are root cells, which
send axons into the ventral spinal roots via the white rami to reach the sympathetic tract as pregan-
glionic fibres. Similarly, cell columns in the intermediolateral nucleus located at the S2 to $4 levels
contain preganglionic parasympathetic neurons.

Lower motor neuron nuclei are located in the ventral horn of the spinal cord. They contain predomi-
nantly motor nuclei consisting of a, , and y motor neurons and are found at all levels of the spinal
cord. They are root cells that innervate the visceral and skeletal muscles.

1.6.1.3 Blood supply

The arterial blood supply to the spinal cord in the upper cervical regions is derived from two branches
of the vertebral arteries, the anterior spinal artery and the posterior spinal arteries. On the top, the
two anterior arteries join and form a single artery that lies in the anterior median fissure of the cord.
The posterior spinal arteries form an anastomotic chain over the dorsal aspect of the spinal cord. The
arterial vasocorona lies on the surface of the cord, and forms a connection between the anterior and
the posterior spinal arteries, which ensures an uninterrupted blood supply to the entire length of the
spinal cord.
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1.6.2 Lower urinary tract (LUT) innervation

The LUT is innervated by three sets of peripheral nerves from both the autonomic and somatic
nervous systems. It is supplied by both parasympathetic and sympathetic components of the auto-
nomic system. These nerves contain afferent (sensory) as well as efferent axons.

1.6.2.1 Autonomic system

Parasympathetic preganglionic neurons innervating the LUT are located in the lateral part of the
sacral intermediate grey matter from the S2 to S4 levels in a region termed the sacral parasympathetic
nucleus (Figure 1-5). Parasympathetic preganglionic neurons send axons through the ventral roots
to peripheral ganglia, where they release the excitatory transmitter acetylcholine. They contract the
bladder, and relax the urethra.ss

Lumbar sympathetic nerves arise from lower thoracic and upper lumbar segments of the spinal cord.
They inhibit the bladder body and excite the bladder base and urethra (Figure 1-5). Sympathetic
outflow from the rostral lumbar spinal cord provides a noradrenergic excitatory and inhibitory input
to the bladder and urethra. Activation of sympathetic nerves induces relaxation of the bladder body
and contraction of the bladder outlet and urethra. This contributes to urine storage in the bladder.
The peripheral sympathetic pathways follow a complex route that passes through the sympathetic
chain ganglia to the inferior mesenteric ganglia and then through the hypogastric nerves to the pelvic
ganglia (Figure 1-5).56

1.6.2.2 Somatic system

Pudendal nerves are derived from the somatic nervous system. They not only contract the external
urethral sphincter but also supply somatic innervation to the whole of the pelvic floor (Figure 1-5).
The somatic nerves come from the sacral roots of the spinal cord (S2-S4). The external urethral
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sphincter motoneurons are located along the lateral border of the ventral horn, commonly referred to
as Onuf’s nucleus. Sphincter motoneurons also exhibit transversely oriented dendritic bundles that
project laterally into the lateral funiculus, dorsally into the intermediate grey matter, and dorsomedi-
ally toward the central canal.5”
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1.6.2.3 Afferents from the lower urinary tract

Afferent fibres innervate the LUT via pelvic, hypogastric (lumbar splanchnic), and pudendal nerves.
These nerves are mixed nerves, and they also contain the efferent parasympathetic, sympathetic, and
motor fibres supplying the bladder, urethra, sphincters, and the pelvic floor. The injected dyes from
axons are taken up by afferent nerves and are transported to the afferent cell bodies in the lumbo-
sacral dorsal root ganglia (DRG) where the afferent terminations are located, in the dorsal horn of
the spinal cord. The primary afferent neurons of the pelvic and pudendal nerves are contained in
sacral DRG, whereas afferent innervation in the hypogastric nerves arises in the rostral lumbar DRG
(Figure 1-5). The central axons of the DRG neurons carry the sensory information from the LUT to
second-order neurons in the spinal cord. These second-order neurons provide the basis for spinal
reflexes and ascending pathways to higher brain regions involved in micturition, continence, and
mediation of sensation (Figure 1-5). Pelvic nerve afferents, which monitor the volume of the blad-
der and the amplitude of the bladder contractions, consist of myelinated (A§) and unmyelinated (C)
axons. During neuropathic conditions, including spinal cord injury and possibly some inflammatory
conditions, there is recruitment of C fibres that form new functional afferent pathways leading to
urgency incontinence and possibly bladder pain.>

1.6.2.4 Efferents from the lower urinary tract

There are three corresponding neural pathways that regulate LUT efferent activity involving both the
autonomic and somatic nervous systems. Sacral parasympathetic (through the pelvic nerve) provide
excitatory input to the detrusor; thoracolumbar sympathetic (through the hypogastric nerve) provide
inhibitory input to the detrusor and excitatory input to the bladder neck and urethra; and sacral
somatic (via the pudendal nerve) innervate the striated muscles of the sphincters and pelvic floor.
Parasympathetic postganglionic fibres terminate predominantly at the detrusor muscle and release
acetylcholine, resulting in detrusor contraction during voiding.6°
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1.7.1 Introduction

It is easier to understand the physiology of the lower urinary tract when described in the context of
the micturition cycle. This allows for the practical understanding of the vesico-sphincteric complex.

Urine storage (continence) and emptying (micturition) depend on the integrated functioning of
many components, including the central nervous system, the peripheral nervous system, the smooth
muscle of the bladder, the stromal bladder cells, the suburothelial bladder cells, interstitial detrusor
cells, the bladder urothelium, the smooth muscle of the urethra, the striated muscle of the pelvic
floor, and the external urinary sphincter.”® It immediately becomes apparent that the micturition
cycle is a highly complex and integrated function and even a small interruption in the process some-
where can have a significant impact on the cycle. Hence, understanding the physiology of the LUT
is essential for managing bladder dysfunction, be it of neurogenic origin or non-neurogenic origin.!

The process that controls the storing and emptying of urine is classically summarized as a complex of
neural circuits in the brain and spinal cord that coordinate the activity of smooth muscle and striated
muscle in the urethra and bladder in a reciprocal manner. These neural circuits act as a “flip-flop*
switch®? that enables the bladder to alternate between urine storage and emptying.>%>%636¢ Although
this is the basic concept of bladder function/dysfunction, the process is affected by other components
as described above.

These components include the urothelium, lamina propria and vasculature, stromal wall collagen,
elastin and matrix wall, and the smooth muscle and striated muscle of the bladder and urethra.

From the point of view of the neurological control of lower urinary tract function, it is intended to
control the smooth muscle of the bladder and urethra and the striated muscle of the urethra and
perineum in a reciprocal fashion.

1.7.2 Physiology of the bladder outlet

There is controversy about the relative role of the smooth and striated muscles of the circular sphincter
and the contribution of the lamina propria to generate the closing pressure of the urethra.®> Blocking
striated sphincter musculature with nicotinic neuromuscular blocking agents has varying effects and
urethral tone can be reduced by about 40%, suggesting that the smooth muscle is also important.

On the other hand, sympathetic blockade with adrenergic alpha-receptor blockers can also reduce
urethral pressure by about 30%.%
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The striated muscle constituting the sphincter complex in both sexes includes both slow-and fast-
twitch fibres. Fast-twitch fibres and slow-twitch fibres are mainly characterized according to the basis
of their functional and metabolic characteristics.®” Slow-twitch fibres seem ideal to keep sphincter
tone for extended periods, whilst fast-twitch fibres may be required to complement sphincter tone to
maintain continence with sudden rises in intra-abdominal pressure. As in the case of smooth muscle,
contraction of striated muscle fibres is governed by intracellular calcium through interactions with
troponin. Fast-twitch fibres can be recruited quickly but also fatigue quickly. They perform predomi-
nantly anaerobic metabolism. In contrast, the slow-twitch fibres are found in a higher percentage in
muscles that require sustained tension, such as the levator ani muscles and the urethral sphincter.
These muscle fibres are recruited slowly and fatigue at a slower pace.5

1.7.3 Physiology of smooth muscle contraction of the bladder

Although recent evidence suggests that the normal bladder may be spontaneously active and exag-
geration of spontaneous contractions could contribute to the development of detrusor overactivity,
for the purposes of this paper, we consider that the contractile activity of the detrusor is mainly under
neurological control.®72

Using this view, we consider that muscarinic receptors induce detrusor contraction in response to
release of acetylcholine from parasympathetic nerve terminals. There are five main types of muscuranic
receptors. Although M2 receptors are more abundant, M3 receptors are the ones that are chemically
active. The release of acetylcholine from nerve terminals and binding to M3 receptors will lead to phos-
phorylation of protein G, leading to increased activity of calcium channels (Figure 1-6) and suppress-
ing adrenergic inhibitory mechanisms, which are mediated by  adrenergic receptors and stimulation
of adenylate cyclase.” The principal neurotransmitter for the sympathetic system is noradrenaline.
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Although calcium serves as a trigger in all types of muscle, the activation mechanisms are different
in the smooth muscle. Contractile response is slower and more durable than in skeletal muscle and
cardiac muscle. In addition to smooth muscle, the human bladder contains approximately 50% of
collagen fibres and 2% of elastin. Injury, obstruction, or denervation increases collagen content. The
increased collagen in the bladder wall induces a decrease in compliance.”>77

1.7.4 Viscoelastic properties of the bladder

In the filling phase, the viscoelastic behavior of the bladder wall depends on neuromuscular char-
acteristics and mechanical characteristics of the bladder wall. The accumulation of large amounts
of urine without the significant increase of intravesical pressure is known as compliance. Bladder
compliance is defined as the change in volume relative to the corresponding change in intravesical
pressure. The volume/pressure curve during the filling of the bladder depends on several factors,
including collagen, elastin, and smooth muscle as passive structures and smooth muscle as active.
Hence, a decrease in compliance of the bladder can be a result of multiple factors, including changes
in the composition of the bladder wall, such as more collagen or less elastin, hyperactivity of the
smooth muscle, or a combination of these factors.”678

It was previously thought that acute spinal cord section does not alter bladder compliance (but
section of the pelvic nerves itself decreases accommodation). However, recent animal studies have
suggested that central nervous system stimulation is required to maintain bladder compliance and
this may involve an active afferent neural process.”-8! The hypothesis is that signals from the blad-
der wall travel to the central nervous system during filling and could possibly inhibit spontaneous
contractions of the musculature of the bladder that maintain accommodation during filling. Indeed,
intravesical pressure reflects a combination of factors, including abdominal pressure surrounding
the bladder and active detrusor pressure.

The principle of normal voiding involves a neurally mediated detrusor contraction leading to an
increase of detrusor pressure without a significant change of abdominal pressure.

To demonstrate the force of contraction of the detrusor, measurement of detrusor pressure alone is
insufficient. A muscle can use energy to generate power or to shorten its length. Since the bladder is
a viscous hollow container, strength helps determine detrusor pressure while shortening velocity is
related to urinary flow. Thus there is a trade-off between generating detrusor pressure and urinary
flow.82 If urethral resistance is low, then detrusor pressure can be almost undetectable; however, there
may be a normal flow. This trade-off between detrusor pressure and flow resembles a constant power
curve. This can be expressed in the equation: W (power) = Pdet (detrusor pressure) x Q (flow). This
equation explains why a person can have a normal detrusor contraction and normal bladder power
with low voiding pressure, as during micturition detrusor pressure reflects the outflow tract resis-
tance. When the normal urethra is completely open with a high flow, only a small increase in detru-
sor pressure is needed to empty the bladder completely.
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1.7.5 Emerging role of urothelium and suburothelium in
bladder physiology

In addition to the traditional understanding of lower urinary tract sensory pathways, the emerging
sensory role of the urothelium is an interesting field of research.$*$* New information regarding cell
interactions is emerging in this area.s>8¢

The urothelium (transitional epithelium of the urinary bladder) has been recently demonstrated to
detect thermal, mechanical, and chemical stimuli. In response, urothelial cells secrete factors such
as urinary proteins (e.g. urokinase) and signaling molecules such as adenosine triphosphate (ATP),
acetylcholine, and nitric oxide.

Additionally, these cells express receptors (purinergic, cholinergic, and adrenergic) and mechano-
sensitive channels (transient receptor potential). The urothelium also responds to changes in bladder
hydrostatic pressure by releasing factors such as ATP. This may interact with nerve terminals, inter-
stitial cells, and urothelial purinergic receptors to transduce sensory information.

The distribution of anatomical components indicates that reciprocal communication is possible
between urothelial cells located close to bladder nerves and smooth muscle cells. Evidence exists that
ATP is released by the urothelial cells and binds to purinergic receptors on nerve cells in the bladder
wall, stimulating afferent nerve activity, resulting in bladder sensation. All this information suggests
that the urothelium may play a substantial role in urinary bladder sensory transduction.’?-86

1.7.6 Micturition cycle

The lower urinary tract in adults is under both voluntary and involuntary neural control. This is
different from other visceral organs innervated by the autonomic nervous system, whose regula-
tion is only controlled by involuntary mechanisms.?” The brain bladder control system is still poorly
understood but is an area of current research.$s8

Following this schematic view, the micturition cycle could be understood as two relatively discrete
phases: bladder filling/storage and bladder emptying/voiding. The micturition cycle normally
displays these two modes of operation in a simple on-off fashion. The cycle involves switching from
inhibition of the voiding reflex and activation of the storage reflexes to inhibition of the storage
reflexes and activation of the voiding reflex and back again.68.90-93

1.7.6.1 Storage phase (filling):
= Storage of urine at low detrusor pressure = Bladder outlet closed at rest and during
(compliance) with appropriate sensation increases of intra-abdominal pressure
= Absence of detrusor contractions

1.7.6.2 Voiding phase (emptying):
= Contraction of the detrusor of adequate = Drop of the resistance of the smooth and stri-
magnitude and duration ated sphincter
= Complete bladder emptying
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1.7.6.3 Bladder during the storage phase:

The normal bladder response to filling should be an almost complete absence of change in intravesi-
cal pressure and detrusor pressure. At initial bladder filling, compliance of the bladder is due to the
bladder’s elastic and viscoelastic properties. Elasticity is the property that allows the bladder wall to
stretch without an increase in tension. Viscoelasticity is the property that causes bladder stretch to
induce an increase in tension. Viscoelastic properties of the bladder wall are due to the characteristics
of the extracellular matrix of the bladder wall.>

In animal models, as bladder filling increases, spinal sympathetic reflexes facilitatory to bladder fill-
ing are evoked. It is thought the same mechanism occurs in humans. This active inhibitory effect is
thought to be mediated by sympathetic modulation of cholinergic ganglionic transmission.576495-97
Based on this hypothesis two other possible effects promoting bladder filling may exist: a neurally
mediated stimulation of a-adrenergic receptors (al) in the smooth sphincter resulting in an increase
in the resistance and a neurally mediated stimulation of f-adrenergic receptors (B3 inhibitory) in the
bladder smooth musculature promoting a decrease in bladder wall tension.”%8!

Many other neurotransmitters and signaling molecules such as ATP, purine, prostaglandins, nitric
oxide, and cytokines have recently been involved in coordinating control of the lower urinary tract.?s

1.7.6.4 Outlet during the storage phase

During bladder filling a progressive increase in proximal urethral pressure should occur. This is
mediated by the striated sphincter and also by the smooth sphincter. This increase in urethral pres-
sure follows an increase in efferent pudendal nerve impulse frequency and in electromyographic
activity of the striated sphincter. This is the “guarding reflex” or the efferent limb of the spinal somatic
reflex, which results in a gradual increase in striated sphincter activity during normal bladder filling.
It has also been postulated that there is a sympathetically induced contraction of the smooth muscle
sphincter with increase in resistance; however, it has been difficult to prove this experimentally or
clinically.2094100-102 I addition, passive properties of the urethral wall also play a role in the mainte-
nance of continence but the exact nature remains unquantified.100.103

1.7.6.5 Bladder during the voiding phase

It is generally understood that the neural mechanisms in the storage phase are reversed in the void-
ing part of the cycle. It is thought that the inhibitory influences of the cerebral cortex are withdrawn.
The pontine micturition centre then takes over to facilitate a coordinated void. This requires normal
ascending and descending spinal cord pathways from pons to the sacral micturition centre. The
voluntary bladder empting involves the inhibition of the somatic neural efferent activity to the stri-
ated sphincter and also the inhibition of the spinal sympathetic reflexes that were evoked during
normal bladder filling. Finally, the parasympathetic neural impulses to the bladder travel through
the sacral spinal cord and pelvic nerve (pelvic plexus) to the bladder and are responsible for leading
to the contraction of the bladder smooth musculature.!4

1.7.6.6 Outlet during the voiding phase

In order to achieve a low-pressure bladder emptying, a substantial drop in the resistance of the outlet
is needed. This decrease in outlet resistance includes a funneling of the relaxed bladder outlet. This
effect is mediated by the inhibition of the continence-promoting reflexes, which were active during
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bladder filling. In addition, there is evidence that the change in outlet resistance may also involve an
active relaxation of the smooth sphincter area through a noradrenergic noncholinergic mechanism,
possibly mediated by nitric oxide.*+10:102 Jt seems that some of the changes at the outlet during void-
ing are probably at least in part due to the anatomic interrelationships of the smooth muscle of the
bladder base and the smooth muscle of the proximal urethra.

1.7.7 Conclusions

. Spinal nerves emerge from the corresponding vertebrae however, their origin is progressively higher since the spinal cord is

shorter than the spine. This is of great importance when considering spinal cord injury.

The afferent and efferent tracts run along the spinal cord in an orderly fashion. This is of paramount importance when
considering incomplete injuries.

The nerves that control the LUT emerge from different sites: the sympathetic branches come from the thoracolumbar portions,
the parasympathetic from intermediolateral horn, and the somatic nerves from the S2 to S4 portion of the sacral roots.

The parasympathetic transmission is via cholinergic mechanisms, with acetylcholine as the principal neurotransmitter.

M3 receptors are the main active receptors, though M2 receptors are greater in number.

Noradrenaline is the main neurotransmitter for sympathetic pathways.

Bladder compliance is dependent on the elastic and viscoelastic properties of the smooth muscle of the bladder wall.

Passive outlet seal effect, based on the anatomical and histological architecture of the urethral submucosa, is responsible for
continence in the storage phase with active contribution from the striated sphincter during end filling.

The emptying is facilitated by inhibition of spinal somatic and sympathetic reflexes and activation of vesical parasympathetic
pathways.

. There is a drop in outlet resistance caused by cessation of somatic and sympathetic spinal reflexes and funneling of relaxed

outlet, due to smooth muscle continuity between the bladder base and proximal urethra.
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The bladder function comprises two phases—storage and emptying. These phases are reliant on coor-
dination between both the central and peripheral nervous systems. After SCI, either of these systems
can be altered. The classic symptom in a suprasacral SCI is that of urinary incontinence, most often
due to neurogenic detrusor overactivity (NDO). The pathophysiology of NDO can be described as an
alteration in the micturition reflex.

1.8.1 Afferent pathways

The newly developed spinal reflex circuit, which is mediated by C fibres as a response to a reorganiza-
tion of synaptic connections in the spinal cord, is thought to be responsible for the development of
detrusor overactivity in response to low-volume filling after SCI. The direct evidence for this comes
from animal experimental models (cats and rats).!%>1% However, a comparable process is thought to
occur in humans following SCI, with some clinical evidence to support this view.1%

1.8.2 Neurotrophic factors

This was first observed in a rat model. There appears to be some role of various neurotrophic
hormones such as nerve growth factor (NGF) in the morphological and physiological changes of the
bladder afferent neurons leading to the development of neuropathic bladder dysfunction.!96197 The
production of neurotrophic factors increases in the bladder after SCL.198.10° It has been demonstrated
that chronic administration of NGF into the rat bladder induces bladder hyperactivity and increases
the excitability of dissociated bladder afferent neurons. On the other hand, intrathecal application of
NGF antibodies suppressed neurogenic detrusor overactivity'® and detrusor sphincter dyssynergia
in SCI rats. Animal and human studies also support a role for the suburothelial expression of the
transient receptor potential cation channel subfamily V member 1 (TRPV1), purinergic receptors
(P2X3)"0 and/or the sensory neuropeptides substance P (SP), and calcitonin gene-related peptide
(CGRP)™ in the pathophysiology of human NDO. It has been shown that patients with SCI and
NDO have increased TRPV1- and P2X3-immunoreactive suburothelial innervation compared with
controls.!2

1.8.3 Spinal cord and vertebral levels

Spinal control of micturition is located at sacral segments 2 to 4 (vertebral levels T12 to L2) and is
described as the primary micturition centre.!’> A significant association exists between the level of a
spinal cord lesion and the associated bladder dysfunction. In general, on a topographic and anatomi-
cal basis, when there is injury cephalad to the sacral spinal cord, one expects a voiding pattern consis-
tent with upper motor neuron type injury with neurogenic detrusor overactivity. In contrast, injury
to either the sacral cord or cauda equina segment should result in lower motor neuron type injury
and detrusor hypo/areflexia. Patients with suprasacral spinal cord injuries are also at risk for detru-
sor-external sphincter dyssynergia (DESD) secondary to the loss of coordination from pons that can
lead to incomplete bladder emptying, high postvoid residual, and increased bladder pressure, with
resulting obstruction of kidneys leading to renal failure.!*
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It would appear on the basis of the above categorization that the clinical expression should be clearly
characterized. However, this is generally not the case, and the clinical manifestations of SCI quite
often demonstrate a mixed picture. It has been demonstrated in some studies that there are multi-
ple factors in this complicated situation leading to a mismatch between clinical presentation and
presumed anatomical level of injury.""* Some of these factors include:

Degeneration and reorganization of crucial
neural pathways distal to the lesion with or
without neural sprouting at the level of injury
that may affect the neurologic and urody-
namic findings.

SCI may be incomplete, thereby partially
allowing the integration and modulation of
complex micturition signals at multiple levels
of the nervous system.

= Multiple injuries coexisting at different levels

can result in unpredictable mixed voiding
dysfunction. The multiplicity of levels of
injury is occasionally unrecognized when
based solely on urologic history and evalua-
tion in patients with new SCIL.115

For the purposes of description, if the sacral micturition centre (conus medullaris) is taken as a land-
mark for the convenience of clinical purposes, one can divide the patterns of bladder dysfunction as

follows (Figure 1-7):

FIGURE 1-7
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= Suprasacrallesion: Thisisaninjuryanywhere

above the level of sacral micturition centre
but below the pons. The presenting features
include detrusor overactivity with external
sphincter dyssynergia.!14116

Sacral lesion: This implies the lesion involving

= Infrasacral lesions including cauda equina:

These lesions involve the peripheral nervous
system. These lesions include any injury below
the level of sacral micturition centre and
injury to cauda equina and all nerves leading
to the bladder or sphincter.!”

the sacral spinal micturition centre. This lesion
is characterized by detrusor hypo/areflexia
with a fixed underactive or denervated striated
sphincter.

1.8.4 Video-urodynamics-based classification

Another way of describing the pathophysiology is based on urodynamics. The advantage is more
precise categorization of the bladder/sphincter dysfunction. Urodynamics will demonstrate the
lesion regardless of the site and degree of neurologic damage. The disadvantage is that urodynamics
findings can be influenced by various factors such as urinary tract infections (UTIs), stones, etc.?1
The urodynamics will demonstrate neurogenic detrusor overactivity with sphincter dyssynergia in
suprasacral SCI (Figure 1-8) and detrusor hypo/acontractility with sphincter weakness in sacral and
subsacral lesions (Figure 1-9).
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1.8.6 Clinically based classification

Wein et al.®! classified voiding dysfunction after SCI based on symptoms as follows:

= Storage failure: This includes either an over-
active bladder or underactive sphincter. It can
also lead to loss of compliance. The symptoms
will include frequency, nocturia, and urgency
with/without incontinence.

= Emptying failure: This includes either a
bladder that is underactive or a sphincter that
is overactive.

An underactive sphincter could lead to stress-
related urinary incontinence.

Note that storage failure can occur in suprasacral SCI due to detrusor overactivity or reduced compli-
ance, as well as in sacral SCI due to a weak sphincter. Similarly, emptying failure can occur in supra-
sacral SCI due to a fibrotic bladder or detrusor external sphincter dyssynergia (DESD), as well as in
sacral SCI due to flaccid bladder.

1.8.6 Clinically based classification with urodynamics correlation

One can combine the symptoms and associated urodynamics findings to better understand the
pathophysiology.!8:119

= Lesions above the brain stem: The symptoms = Suprasacral spinal cord lesions: The symp-

will include urinary frequency, urgency, with
or without urge urinary incontinence. The
bladder sensation can be normal or decreased.
The urinary sphincters should be synergistic
with the bladder and relax when the bladder
contracts. The urodynamics will demonstrate
NDO but no DESD with possible incomplete
emptying, especially in the elderly.

toms would be the same as with lesions above
the brain stem but can be more severe with
incomplete emptying and urinary infections,
but most importantly DESD can lead to auto-
nomic dysreflexia in lesions above T6 level.
The accompanying urodynamics will demon-
strate NDO but with DESD and incomplete
emptying.
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= Sacral lesions: The symptoms could be = Injury distal to the spinal cord: The sensa-

delayed sensations with stress-related urinary tions to bladder filling could be normal to
incontinence. The urodynamics will demon- decreased. The urodynamics could show
strate poorly contracting detrusor with detrusor areflexia. The internal sphincter is
incomplete emptying. It might also show a likely incompetent, and the striated external
weak sphincter. sphincter may exhibit fixed residual tone that

cannot be relaxed voluntarily.

1.8.7 Conclusions

1. SCl leads to NLUTD in about 70% to 84% of patients.

2. Two decades ago urinary tract mortality was ranked as the second leading cause of death in SCI patients, but with significant
improvement in understanding and management of this condition, urinary disease now accounts for only ~13% of deaths. [LOE 3]

3. It is postulated that a new spinal reflex circuit develops, which is mediated by C fibres as a response to a reorganization
of synaptic connections in the spinal cord. This is thought to be responsible for the development of neurogenic detrusor
overactivity in response to low-volume filling after SCI. [LOE 4]

4. Various neurotrophic hormones such as nerve growth factor affect the morphological and physiological changes of the bladder
afferent neurons leading to the development of neuropathic bladder dysfunction. [LOE 3]

5. Asuprasacral SCI usually results in a voiding pattern consistent with upper motor neuron type injury with neurogenic detrusor
overactivity and DESD. [LOE 3]

6. Injury to either the sacral cord or cauda equina segment should result in lower motor neuron type injury and detrusor hypo /
areflexia. [LOE 3]

7. The urodynamics will demonstrate neurogenic detrusor overactivity with sphincter dyssynergia in suprasacral SCl and detrusor
hypo/acontractility with sphincter weakness in sacral and subsacral lesions. [LOE 3]

8. Suprasacral SCI may lead to incomplete emptying, urinary infections, and DESD; they are also associated with autonomic
dysreflexia in lesions above the T6 level. [LOE 3]

9. Sacral SCI may lead to delayed sensation during bladder filling and to stress urinary incontinence. [LOE 3]

10. Injury distal to the spinal cord (cauda equina injury) may lead to a bladder with normal sensations with an incompetent internal
sphincter and the striated external sphincter exhibiting fixed residual tone that cannot be relaxed voluntarily. [LOE 3]

Epidemiology and Pathophysiology of Neurogenic Bladder After Spinal Cord Injury 33






10.

11.
12.

13.

14.
15.

16.

17.
18.

19.

20.

21.
22.

23.

. Blok B, Pannek J, Castro-Diaz D. EAU Guidelines on neuro-urology. 2015. Available: http://uroweb.org/quideline/neuro-urology;

Accessed: May 1, 2016.

. New PW and Sundararajan V. Incidence of non-traumatic spinal cord injury in Victoria, Australia: a population-based study

and literature review. Spinal Cord. 2008;46(6):406—411.

. Griffin MR, Opitz JL, Kurland LT, et al. Traumatic spinal cord injury in Olmsted County, Minnesota, 1935-1981. Am J Epidemiol.

1985;121(6):884—-895.

. Kraus JF, Franti CE, Riggins RS, et al. Incidence of traumatic spinal cord lesions. J Chron Dis. 1975;28(9):471-492.
. Office of the Surgeon General (US); Office on Disability (US). The Surgeon General’s Call to Action to Improve the Health and

Wellness of Persons with Disabilities. Rockville (MD): Office of the Surgeon General (US); 2005. Available: https://www.ncbi.
nlm.nih.gov/books/NBK44667/; Accessed: May 1, 2016.

. National Spinal Cord Injury Statistical Center (NSCISC). Spinal cord injury facts and figures at a glance. J Spinal Cord Med.

2010;33(4):439-440.

National Spinal Cord Injury Statistical Center (NSCISC). Spinal cord injury (SCI) facts and figures at a glance. 2016. Available:
https://www.nscisc.uab.edu/Public/Facts%202016.pdf; Accessed: May 1, 2016.

. Tusji S and Fujishama H. Paraplegias, Clinical Statistics. Fukuoka, Kyushu Rosai Hospital, 1975.

. Gehrig R and Michaelis LS. Statistics of acute paraplegia and tetraplegia on a national scale. Switzerland 1960—67. Paraplegia.

1968;6(2):93-95.

Minaire P, Castanier M, Girard R, et al. Epidemiology of spinal cord injury in the Rhone-Alpes Region, France, 1970-75.
Paraplegia. 1978;16(1):76—87.

Key AG and Retief PJ. Spinal cord injuries. An analysis of 300 new lesions. Paraplegia. 1970;7(4):243-249.

van Asbeck FWA, Post MWM, Pangalila RF. An epidemiological description of spinal cord injuries in The Netherlands in 1994.
Spinal Cord. 2000;38(7):420—424.

Martins F, Freitas F, Martins L, et al. Spinal cord injuries—epidemiology in Portugal’s central region. Spinal Cord.
1998;36(8):574—578.

Robert AA and Zamzami MM. Traumatic spinal cord injury in Saudi Arabia: a review of the literature. Pan Afr Med J. 2013;16:104.

van den Berg MEL, Castellote JM, Mahillo-Fernandez |, de Pedro-Cuesta J. Incidence of spinal cord injury worldwide: a
systematic review. Neuroepidemiology. 2010;34(3):184-192.

Cripps RA, Lee BB, Wing P, et al. A global map for traumatic spinal cord injury epidemiology: towards a living data repository
for injury prevention. Spinal Cord. 2011;49(4):493-501.

Fitzharris M, Cripps RA, Lee BB. Estimating the global incidence of traumatic spinal cord injury. Spinal Cord. 2014;52(2):117-122.

Singh A, Tetreault L, Kalsi-Ryan S, et al. Global prevalence and incidence of traumatic spinal cord injury. Clin Epidemiol.
2014,6:309-331.

Grivna M, Eid HO, Abu-Zidan FM. Epidemiology, morbidity and mortality from fall-related injuries in the United Arab Emirates.
Scand J Trauma Resus. 2014;22:51.

New PW, Cripps RA, Lee BB. Global maps of non-traumatic spinal cord injury epidemiology: towards a living data repository.
Spinal Cord. 2014;52(5):97-109.

Piatt JH. Pediatric spinal injury in the US: epidemiology and disparities. J Neurosurg Pediatr. 2015;16(4):463—471.

Oliver M, Inaba K, Tang A, et al. The changing epidemiology of spinal trauma: a 13-year review from a Level | trauma centre.
Injury. 2012;43(8):1296-1300.

Al-Jadid MS and Robert AA. An analysis of the length of stay in traumatic and non-traumatic spinal cord injured patients. A
rehabilitation unit experience in Saudi Arabia. Saudi Med J. 2010;31(5):555-559.

Epidemiology and Pathophysiology of Neurogenic Bladder After Spinal Cord Injury 35


http://uroweb.org/guideline/neuro-urology
https://www.ncbi.nlm.nih.gov/books/NBK44667/
https://www.ncbi.nlm.nih.gov/books/NBK44667/
https://www.nscisc.uab.edu/Public/Facts%202016.pdf

24.

25.

26.

27.

28.
29.

30.

. Mueller FO. Fatalities from brain and cervical spinal injuries in tackle football, in Cantu RC (Ed): Neurologic Athletic Head and

32.
33.
34.
35.

36.
37.
38.

39.

40.

41.

42.
43.
44,

45.

46.

47.

48.

Murray H. Shepherd Center, Atlanta Georgia Spinal Cord Injuries From Falls Worldwide: Regional Incidences and Prevention.
The Prevention Committee of the International Spinal Cord. Society. 2013. Available: http://asia-spinalinjury.org/wp-content/
uploads/2016/05/Prevention _Falls Murray2.pdf: Accessed: May 1, 2016.

Tator CH. Epidemiology and general characteristics of the spinal cord injury patient, in Benzel EC, Tator CH (Eds): Contemporary
Management of Spinal Cord Injury. Park Ridge, American Association of Neurological Surgeons, 1995, pp 9-13.

Lee BB, Cripps RA, Fitzharris M, Wing PC. The global map for traumatic spinal cord injury epidemiology: update 2011, global
incidence rate. Spinal Cord. 2014;52(2):110-116.

Kraus JF, McArthur DL, Silverman TA, Jayaraman M. Epidemiology of brain injury, in Narayan RK, Wilberger JE, Povlishock
JT (Eds): Neurotrauma. New York, McGraw Hill, 1996, pp 13—-30.

DeVivo MJ. Causes and costs of spinal cord injury in the United States. Spinal Cord. 1997;35(12):809—-813.

Blanksby BA, Wearne FK, Elliott BC, Blitvich JD. Aetiology and occurrence of diving injuries. A review of diving safety. Sports
Med. 1997:23(4):228-246.

Clarke KS. Epidemiology of athletic head injury. Clin Sport Med. 1998;17(1):1-12.

Spine Injuries. Philadelphia, WB Saunders, 2000, pp 242-251.

Cantu RC and Mueller FQ. Catastrophic spine injuries in American football, 1977-2001. Neurosurgery. 2003;53(2):358—362.
Tator CH, Edmonds VE, Lapczak L, Tator IB. Spinal injuries in ice hockey players, 1966-1987. Can J Surg. 1991;34(1):63—72.
Scher AT. Rugby injuries to the cervical spine and spinal cord: A 10-year review. Clin Sport Med. 1998;17(1):195—206.

Torg JS, Pavlov H, Genuario SE, et al. Neurapraxia of the cervical spinal cord with transient quadriplegia. J Bone Joint Surg
Am. 1986;68A(9):1354-1370.

Cantu RC. Head and spine injuries in youth sports. Clin Sport Med. 1995;14(3):517-532.
Stover SL and Fine PR. The epidemiology and economics of spinal cord injury. Paraplegia. 1987;25(3):225-228.

Griffin MR, Ofallon WM, Opitz JL, Kurland LT. Mortality, survival and prevalence: traumatic spinal cord injury in Olmsted
County, Minnesota, 1935-1981. J Chron Dis. 1985;38(8):643—653.

Meyers AR, Branch LG, Cupples LA, et al. Predictors of medical care utilization by independently living adults with spinal cord
injuries. Arch Phys Med Rehabil. 1989;70(6):471-476.

DeVivo MJ and Stover SL. Long-term survival and causes of death, in Stover SL, Delisa JA, Whiteneck GG (Eds): Spinal Cord
Injury: Clinical Outcomes from the Model Systems. Gaithersburg, Aspen Publishers, 1995, pp 289-316.

Hackler RH. A 25-year prospective mortality study in the spinal cord injured patient: comparison with the long-term living
paraplegic. J Urol. 1977;117(4):486—488.

Soden RJ, Walsh J, Middleton JW, et al. Causes of death after spinal cord injury. Spinal Cord. 2000;38(10):604—610.
Rish BL, Dilustro JF, Salazar AM, et al. Spinal cord injury: a 25-year morbidity and mortality study. Mil Med. 1997;162(2):141-148.

Hartkopp A, Bronnum-Hansen H, Seidenschnur AM, Biering-Sorensen F. Suicide in a spinal cord injured population: its relation
to functional status. Arch Phys Med Rehabil. 1998;79(11):1356—1361.

Kemp BJ and Krause JS. Depression and life satisfaction among people ageing with post-polio and spinal cord injury. Disabil
Rehabil. 1999;21(5—6):241-249.

American Spinal Injury Association (ASIA). Standards for Neurological Classification of spinal injury patients. Chicago, American
Spinal Injury Association, 1982.

American Spinal Injury Association (ASIA). International Standards for Neurological Classification of Spinal Cord Injury; Revised
2015. Atlanta, American Spinal Injury Association, 2015.

Frankel HL, Hancock DO, Hyslop G, et al. The value of postural reduction in the initial management of closed injuries of the
spine with paraplegia and tetraplegia. |. Paraplegia. 1969;7(3):179-192.

36

UROLOGIC MANAGEMENT OF THE SPINAL CORD INJURED PATIENT


http://asia-spinalinjury.org/wp-content/uploads/2016/05/Prevention_Falls_Murray2.pdf
http://asia-spinalinjury.org/wp-content/uploads/2016/05/Prevention_Falls_Murray2.pdf

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.
64.
65.

66.

67.

68.

69.

70.

7.

American Spinal Injury Association (ASIA). American Spinal Injury Association/International Medical Society of Paraplegia
(ASIA/IMSOP) International Standards for Neurological and Functional Classification of Spinal Cord Injury Patients (Revised).
Chicago, American Spinal Injury Association, 1996.

Marino RJ, Barros T, Biering-Sorensen F, et al. International standards for neurological classification of spinal cord injury. J
Spinal Cord Med. 2003;26 Suppl 1:550—S56.

Kirshblum SC, Burns SP, Biering-Sorensen F, et al. International standards for neurological classification of spinal cord injury
(revised 2011). J Spinal Cord Med. 2011;34(6):535-546.

Alexander MS, Biering-Sorensen F, Bodner D, et al. International standards to document remaining autonomic function after
spinal cord injury. Spinal Cord. 2009;47(1):36—43.

Chai TC, Birder LA. Physiology and Pharmacology of the bladder and urethra, in Wein AJ, Kavoussi LR, Partin AW, Peters CA
(Eds): Campbell-Walsh Urology, 11th ed. Philadelphia, Elsevier, 2016, vol 69, pp 1631-1684.

Dafny N. Anatomy of the spinal cord, in Neuroscience Online: An Electronic Textbook for the Neurosciences. Department of
Neurobiology and Anatomy, McGovern Medical School at UTHealth. Available: http://neuroscience.uth.tmc.edu/s2/chapter03.
html; Accessed May 1, 2016.

Yoshimura N, Kaiho Y, Miyazato M, et al. Therapeutic receptor targets for lower urinary tract dysfunction. Naunyn Schmiedebergs
Arch Pharmacol. 2008;377(4—6):437-448.

Yoshimura N and de Groat WC. Neural control of the lower urinary tract. Int J Urol. 1997;4(2):111-125.

De Groat WC and Booth AM. Neurophysiology of micturition and its modification in animal models of human disease, in Maggi
CA (Ed): The Autonomic Nervous System. London, Harwood Academic Publishers, 1993, vol 1, pp 227-290.

Chai T and Birder L. Physiology and pharmacology of the bladder and urethra, in Wein AJ, Kavoussi LR, Partin AW, Peters CA
(Eds): Campbell-Walsh Urology, 11th ed. Philadelphia, Elsevier, 2016, vol 69, pp 1631-1684.

Kruse MN, Bray LA, de Groat WC. Influence of spinal cord injury on the morphology of bladder afferent and efferent neurons.
J Auton Nerv Syst. 1995;54(3):215—224.

Kruse MN and de Groat WC. Spinal pathways mediate coordinated bladder/urethral sphincter activity during reflex micturition
in decerebrate and spinalized neonatal rats. Neurosci Lett. 1993;152(1-2):141-144.

Michel MC. Therapeutic modulation of urinary bladder function: multiple targets at multiple levels. Annu Rev Pharmacol
Toxicol. 2015;55:269-287.

Hosein RA and Griffiths DJ. Computer simulation of the neural control of bladder and urethra. Neurourol Urodyn.
1990;9(6):601-618.

Torrens M and Morrison JF (Eds): The physiology of the lower urinary tract. London, Springer-Verlag, 1987.
de Groat WC and Yoshimura N. Pharmacology of the lower urinary tract. Annu Rev Pharmacol. 2001;41:691-721.

Thind P. The significance of smooth and striated muscles in the sphincter function of the urethra in healthy women. Neurourol
Urodyn. 1995;14(6):585-618.

Torrens M and Morrison JF (Eds). The physiology of the lower urinary tract. London, Springer-Verlag, 1987.

Padykula H and Gauthier G. Morphological and cytochemical characteristics of fiber types in mammalian skeletal muscle.
Explanatory concepts in neuromuscular dystrophy and related disorders. Excerpta Medica International Congress Series.
1967;147:117-131.

Wein AJ. Pathophysiology and categorization of voiding dysfunction, in Walsh PC, Retik AB, Vaughan Jr ED, Wein AJ (Eds):
Campbell’s Urology, 8th ed. Philadelphia, Saunders, 2002, pp 887—899.

Drake MJ, Hedlund P, Harvey IJ, et al. Partial outlet obstruction enhances modular autonomous activity in the isolated rat
bladder. J Urol. 2003;170(1):276-279.

Lentle RG, Reynolds GW, Janssen PW, et al. Characterisation of the contractile dynamics of the resting ex vivo urinary bladder
of the pig. BJU Int. 2015;116(6):973—983.

Vahabi B and Drake MJ. Physiological and pathophysiological implications of micromotion activity in urinary bladder function.
Acta Physiol. 2015;213(2):360-370.

Epidemiology and Pathophysiology of Neurogenic Bladder After Spinal Cord Injury 37


http://neuroscience.uth.tmc.edu/s2/chapter03.html
http://neuroscience.uth.tmc.edu/s2/chapter03.html

72.

73.

74.

75.

76.

71.

78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.
91.
92.

93.

94.

95.

Drake MJ, Kanai A, Bijos DA, et al. The potential role of unregulated autonomous bladder micromotions in urinary storage
and voiding dysfunction; overactive bladder and detrusor underactivity. BJU Int. 2017;119(1):22-29.

de Groat WC, Griffiths D, Yoshimura N. Neural Control of the lower urinary tract. Compr Physiol. 2014;5(1):327—-396.
QOuslander JG. Management of overactive bladder. New Engl J Med. 2004;350(8):786—799.
Macarak EJ and Howard PS. The role of collagen in bladder filling. Adv Exp Med Biol. 1999;462:215-223.

Gillespie JI, Rouget C, Palea S, et al. Beta adrenergic modulation of spontaneous microcontractions and electrical field-
stimulated contractions in isolated strips of rat urinary bladder from normal animals and animals with partial bladder outflow
obstruction. Naunyn Schmiedebergs Arch Pharmacol. 2015;388(7):719-726.

Sunagawa M, Wolf-Johnston A, Nomiya M, et al. Urinary bladder mucosal responses to ischemia. World J Urol.
2015;33(2):275-280.

Zeng J, Ekman M, Jiang C, et al. Non-uniform changes in membrane receptors in the rat urinary bladder following outlet
obstruction. Eur J Pharmacol. 2015;762:82-88.

Langley LL and Whiteside JA. Mechanism of accommodation and tone of urinary bladder. J Neurophysiol. 1951;14(2):147-152.

Mingin GC, Heppner TJ, Tykocki NR, et al. Social stress in mice induces urinary bladder overactivity and increases TRPV1
channel-dependent afferent nerve activity. Am J Physiol Regul Integr Comp Physiol. 2015;309(6):R629-R638.

Cernecka H, Kersten K, Maarsingh H, et al. g3-Adrenoceptor-mediated relaxation of rat and human urinary bladder: roles of
BKCa channels and Rho kinase. Naunyn Schmiedebergs Arch Pharmacol. 2015;388(7):749—-759.

Griffiths D. Mechanics of micturition, in Yalla S, McGuire E (Eds): Neurourology and urodynamics: principles and practice.
New York, MacMillan, 1998, pp 96-105.

Merrill L, Gonzalez EJ, Girard BM, Vizzard MA. Receptors, channels, and signalling in the urothelial sensory system in the
bladder. Nat Rev Urol. 2016;13(4):193—204.

Gonzalez EJ, Merrill L, Vizzard MA. Bladder sensory physiology: neuroactive compounds and receptors, sensory transducers, and
target-derived growth factors as targets to improve function. Am J Physiol Regul Integr Comp Physiol. 2014;306(12):R869—-R878.

Kanai A, Fry C, Hanna-Mitchell A, et al. Do we understand any more about bladder interstitial cells?-ICI-RS 2013. Neurourol
Urodyn. 2014;33(5):573-576.

Cruz CD. Neurotrophins in bladder function: what do we know and where do we go from here? Neurourol Urodyn.
2014;33(1):39-45.

Aronsson P, Carlsson T, Winder M, Tobin G. A novel in situ urinary bladder model for studying afferent and efferent mechanisms
in the micturition reflex in the rat. Neurourol Urodyn. 2014;33(5):550-557.

Kitta T, Mitsui T, Kanno Y, et al. Brain-bladder control network: the unsolved 21st century urological mystery. Int J Urol.
2015;22(4):342-348.

Yoshimura N, Miyazato M, Kitta T, Yoshikawa S. Central nervous targets for the treatment of bladder dysfunction. Neurouro/
Urodyn. 2014;33(1):59-66.

Wein A and Barret D. Voiding function and dysfunction: a logical and practical approach. Chicago, Year Book Medical, 1988.
Wein AJ. Classification of neurogenic voiding dysfunction. J Urol. 1981;125(5):605—-609.

Wein A. Pathophysiology and classification of voiding dysfunction, in Wein A, Kavoussi L, Novick A (Eds): Campbell-Walsh
Urology, 9th ed. Philadelphia, Saunders, 2007, pp 1973-1985.

Wein A and Moy M. Voiding function and dysfunction; urinary incontinence, in Hanno P, Malkowicz SB, Wein AJ (Eds): Clinical
Manual of Urology. Philadelphia, Saunders, 2007, pp 341-478.

Andersson KE and Arner A. Urinary bladder contraction and relaxation: Physiology and pathophysiology. Physiol Rev.
2004;84(3):935-986.

Chancellor M and Yoshimura N. Physiology and pharmacology of the bladder and urethra, in Walsh PC, Retik AB, Vaughan ED
Jr, Wein AJ (Eds): Campbell’s Urology, 8th ed. Philadelphia, Saunders, 2002, pp 831-886.

38

UROLOGIC MANAGEMENT OF THE SPINAL CORD INJURED PATIENT



96.

97.

98.

99.

100.
101.
102.
103.

104.

105.

106.

107.

108.

109.

110.

m.

12.

113.

4.

115.

116.

nr.

118.

119.

Zderic S, Levin R, Wein A. Voiding function: relevant anatomy, physiology, pharmacology and molecular aspects, in Gillenwater
J, Grayhack J, Howards S (Eds): Adult and Pediatric Urology. Philadelphia, Lippincott, Williams & Wilkins, 2002, pp 1061-1113.

Yoshimura N and Chancellor M. Physiology and pharmacology of the bladder and urethra, in Wein AJ. (Ed): Campbell-Walsh
Urology, 9th ed. Philadelphia, Saunders, 2007, pp 1922-1972.

Hamilton KL. New life in overactive bladder. Focus on “Novel regulatory mechanism in human urinary bladder: central
role of transient receptor potential melastatin 4 channels in detrusor smooth muscle function”. Am J Physiol Cell Physiol.
2016;310(7):C597-C599.

Hypolite JA and Malykhina AP. Regulation of urinary bladder function by protein kinase C in physiology and pathophysiology.
BMC Ural. 2015;15:110.

Brading AF. The physiology of the mammalian urinary outflow tract. Exp Physiol. 1999;84(1):215-221.
Birder L, Chai T, Griffiths D. Neural control, in Abrams P, Cardozo L, Khoury S (Eds): Incontinence. Paris, ICUD-EAU, 2013, pp 179—260.
Andersson KE. Purinergic signalling in the urinary bladder. Auton Neurosci. 2015;191:78—81.

Zinner N, Sterling A, Ritter R. Structure and forces of continence, in Raz S (Ed): Female Urology. Philadelphia, WB Saunders,
1983, pp 33—41.

Wein AJ. Pathophysiology and categorization of voiding dysfunction, in Walsh J, Retik A, Vaughan E (Eds): Campbell's Urology,
8th ed. Philadelphia, Saunders, 2002, pp 887—899.

Degroat WC, Kawatani M, Hisamitsu T, et al. Mechanisms underlying the recovery of urinary bladder function following spinal
cord injury. J Auton Nerv Syst. 1990;30:S71-S78.

Kruse MN, Bray LA, Degroat WC. Influence of spinal cord injury on the morphology of bladder afferent and efferent neurons.
J Auton Nerv Syst. 1995;54(3):215-224.

Yoshimura N and deGroat WC. Plasticity of Na+ channels in afferent neurones innervating rat urinary bladder following spinal
cord injury. J Physiol. 1997;503(2):269-276.

Vizzard MA. Neurochemical plasticity and the role of neurotrophic factors in bladder reflex pathways after spinal cord injury.
Prog Brain Res. 2006;152:97-115.

Seki S, Sasaki K, Fraser MO, et al. Immunoneutralization of nerve growth factor in the lumbosacral spinal cord reduces bladder
hyperreflexia in spinal cord injured rats. J Urol. 2002;168(5):2269-2274.

Brady CM, Apostolidis A, Yiangou Y, et al. P2X3-immunoreactive nerve fibres in neurogenic detrusor overactivity and the
effect of intravesical resiniferatoxin. Eur Urol. 2004;46(2):247-253.

Smet PJ, Moore KH, Jonavicius J. Distribution and colocalization of calcitonin gene-related peptide, tachykinins, and vasoactive
intestinal peptide in normal and idiopathic unstable human urinary bladder. Lab Invest. 1997;77(1):37—-49.

Apostolidis A, Popat R, Yiangou Y, et al. Decreased sensory receptors P2X3 and TRPV1 in suburothelial nerve fibers following
intradetrusor injections of botulinum toxin for human detrusor overactivity. J Urol. 2005;174(3):977-982.

Light JK, Beric A, Petronic I. Detrusor function with lesions of the cauda equina, with special emphasis on the bladder neck.
J Urol. 1993;149(3):539-542.

Kaplan SA, Chancellor MB, Blaivas JG. Bladder and sphincter behavior in patients with spinal cord lesions. J Urol.
1991;146(1):113-117.

Ghoniem GM, Roach MB, Lewis VH, Harmon EP. The value of leak pressure and bladder compliance in the urodynamic evaluation
of meningomyelocele patients. J Urol. 1990;144(6):1440-1442.

Weld KJ and Dmochowski RR. Association of level of injury and bladder behavior in patients with post-traumatic spinal cord
injury. Urology. 2000;55(4):490—-494.

Wyndaele JJ. Correlation between clinical neurological data and urodynamic function in spinal cord injured patients. Spinal
Cord. 1997;35(4):213-216.

Koldewijn EL, Hommes OR, Lemmens WAJG, et al. Relationship between lower urinary tract abnormalities and disease-related
parameters in multiple sclerosis. J Urol. 1995;154(1):169-173.

Ginsberg D. The epidemiology and pathophysiology of neurogenic bladder. Am J Manag Care. 2013;19(9):S191-S196.

Epidemiology and Pathophysiology of Neurogenic Bladder After Spinal Cord Injury 39






Committee

Early Neurological and Urologic Care
of Patients with Spinal Cord Injury

CHAIR
Thomas M. Kessler?

CO-CHAIR
Armin Curt?

MEMBERS
Marc P Schneider3
Jeffrey Thavaseelan4

Luca R. Traini2
Blayne Welk®

AUTHOR AFFILIATIONS

T Neuro-Urology, Spinal Cord Injury Center, University of Zrich, Balgrist University Hospital, Switzerland

2 Neurology, Spinal Cord Injury Center, University of Zirich, Balgrist University Hospital, Switzerland

3 Neuro-Urology, Spinal Cord Injury Center, University of Zirich, Balgrist University Hospital, and Brain Research Institute,
University of Zirich, and Department of Health Sciences and Technology, Swiss Federal Institute of Technology, Switzerland

4 St. John of God Murdoch Hospital, St. John of God Health Care, and University of Notre Dame, Australia

5 St. Joseph's Health Care London, and Western University, Canada

Early Neurological and Urologic Care of Patients with Spinal Cord Injury

41



Committee )

CONTENTS

Early Neurological and Urologic Care of
Patients with Spinal Cord Injury

2.1 Introduction 43
2.2 Description of Search Methodology 43
2.3 Neurological Management 44
2.3.1  Acute care management 44
2.3.2 Rehabilitation 48
2.4 Management of nongenitourinary problems 52
2.41 Respiration 52
2.4.2  Spasticity 53
2.4.3 Bowel dysfunction 58
2.4.4 Pain 59
2.4.5 Autonomic dysreflexia 63
2.4.6 Pressure ulcers 65
2.4.7 Recommendations 69
2.5 Neuro-urological Management After Acute SCI 69
251 Assessment 69
2.5.2 Urodynamic investigation 73
2.5.3 Initial urological management 77
2.6 References 81

42 UROLOGIC MANAGEMENT OF THE SPINAL CORD INJURED PATIENT



The care of patients with acute spinal cord injury (SCI) is rather complex. Care spans from the acute
site to the scene of injury, involves emergency rescue teams and transportation for primary emer-
gency hospital services, and requires triage activities to initiate timely treatment in the intensive care
unit and eventual early surgical interventions. Patients with SCI are cumbered with very vulnerable
clinical conditions, and require comprehensive and coordinated care. This includes not only address-
ing spine stability, requirements for transportation, and positioning of patients, but also sensitive
monitoring and treating cardiovascular impairments. One of the leading pathophysiological condi-
tions that exaggerates, or actually initiates, an SCI is associated with vascular conditions that can
seriously affect the blood supply of the spinal cord. Therefore, maintaining stable vascular spinal cord
perfusion, including a sufficient high systemic blood pressure (and consequently spinal cord perfu-
sion), is of critical relevance. Blood pressure management should aim for a rather high mean arterial
pressure (>80 mmHg). Due to the complexity of an acute SCI, it is advised that patients with SCI are
immediately referred to primary acute care centres that are experienced and equipped to manage
acute assessments of potential spine or spinal cord damage. For this purpose, multidisciplinary, as
well as well-trained and coordinated teams are essential in recognizing the appropriate treatments
and handling medical challenges.

This chapter will focus on concepts of early neurological and urological care in patients with SCI.

A semisystematic literature search was performed to provide a summary of all existing evidence of
studies and reviews on the early neurological and urological care of patients with SCI. We searched
the Embase” and MEDLINE® databases from 1946 to 2016 (November). No language restrictions
were applied. We additionally searched the reference lists of all included studies and any relevant
review articles. Important studies were included in the following chapter and summarized in a
narrative fashion.
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2.3.1 Acute care management

2.3.11 Rescue and emergency care

The theoretical advantage of immobilization in both blunt and penetrating trauma is the preven-
tion of displacement of unstable fractures that result in damage to a previously spared spinal cord.
The three-column diagnostic approach for assessing injuries to the spine assumes that there is an
underlying abrupt acceleration or deceleration mechanism to the spine, as occurs in blunt trauma.
Therefore, when forces are applied to the spine, this results in disruption of the bony and ligamentous
anatomy of at least two of the three columns.

The principles of the Advanced Trauma Life Support® (ATLS®) program by the American College
of Surgeons advocate that a cervical spine injury should be assumed until proven otherwise in all
trauma patients. The probability of a multilevel spinal injury in the setting of a known injury is
approximately 20%, necessitating the need for complete spinal immobilization for any suspected
SCI. The classic recommendations of the American College of Surgeons include a hard backboard, a
rigid cervical collar, lateral support devices, and tape or straps to secure the patient, the collar, and
the lateral support devices to the backboard.!

A rigid collar should be applied to the neck with manual in-line stabilization while minimizing
cervical spine displacement. Spinal immobilization is a priority in the prehospital trauma algorithms
and leads to improved outcomes.? However, patients with penetrating trauma who had prehospital
spinal immobilization seem to have worse outcomes.? In one study, the process of immobilization
delayed life-saving resuscitation; thus, patients who were immobilized had nearly twice the morbid-
ity and mortality as those penetrating trauma patients who did not have full immobilization. While
cervical collars and backboards are important tools in reducing further neurological injury, espe-
cially in blunt trauma, they have their own inherent risks and complications, such as high risk of
aspiration, pressure sores, and increased intracranial pressure. Practitioners must recognize these
risks and understand the need to remove immobilizing devices as soon as safety allows, particularly
when concomitant head injury exists, in patients with ankylosing spondylitis, and in the setting of
delayed resuscitation.*-¢

Regarding penetrating trauma, Aryan et al. defined spinal stability as the ability of the patient to
sustain physiological loads without incurring structural deformations, painful alterations, or neuro-
logical deficits. In their series of 60 patients, they noted two patients with radiologic two-column
disruption who did not have spinal instability on dynamic radiographic imaging. The evidence seems
to clearly suggest that the nature of a penetrating injury to the spine is to remain stable and not
propagate, as the damage is done at the initial impact. Patients who demonstrate SCI after penetrat-
ing trauma do so at the moment of injury, whereas those who do not have neurological deficits do not
subsequently develop signs of SCI.7

Clinical criteria to select appropriate patients for spinal immobilization have been studied and
implemented.s
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Prehospital spinal immobilization is required in the following circumstances:
= Spinal pain or tenderness, including any neck = If mental status is altered (including drugs,

pain with a history of trauma alcohol, trauma) and no history is available,
= Significant multiple system trauma or the patient is found in a setting of possible
= Severe head or facial trauma trauma (e.g., lying at the bottom of the stairs
= Numbness or weakness in any extremity after or in the street), or the patient experienced

trauma near drowning with a history or probability
= Loss of consciousness caused by trauma of diving)

= Any significant distracting injury

Rescue is achieved through the use of appropriate transfer techniques, cervical spine collars
(C-collars), lateral support, and spine boards and straps. Other devices used include a scoop stretcher
with a rigid cervical collar and straps, a vacuum mattress in combination with a rigid cervical collar,
and a Kendrick Extrication Device (KED® also known as a short board) to assist with extrication
following a motor vehicle crash or other confined-space rescues.’

ATLS guidelines recommend cervical spine immobilization in cases of suspected cervical injury or
SCI, until excluded by radiology. Although these guidelines have been developed to protect patients
with an unstable cervical spinal column, the guidelines have not been shown to benefit patients with
penetrating injury.!

Prehospital selective immobilization protocols (also known as spinal clearance protocols) aim
to identify trauma patients who are at very low risk of sustaining an SCI, and therefore could be
transported without spinal immobilization. Hoffman et al.!! have validated five criteria—National
Emergency X-Radiography Utilization Study (NEXUS) criteria—where patients’ cervical spine can
be cleared without imaging; these include:

1. No midline cervical tenderness 4. No painful distracting injuries

2. No altered mental status 5. No focal neurological deficits

3. No evidence of intoxication

The role of paramedics is fundamental in improving the neurological outcome of the patients and
in decreasing the time to spinal care units. Improved recovery and reduced mortality are associated
with effective resuscitation efforts, prevention of hypoxia, and management of hypotension.’? In an
epidemiological study in Turkey, it was concluded that inadequately trained paramedics and lack of
first aid care led to higher death rates following traumatic SCL."3

Although there is no definite timeline for early transfer to surgery for isolated cervical SCI, it is
recommended that patients reach spinal units within 8 to 24 hours following injury, assuming that
the patients are hemodynamically stable.'* It has been reported that shorter times to spinal units lead
to shorter lengths of hospital stay, decreased health care costs, decreased in-hospital mortality rates,
and decreased dependence on mechanical ventilation. A cohort study in New South Wales, Australia,
found that patients who reached a spinal unit after 24 hours, compared with patients who reached
a spinal unit in less than 24 hours, were 2.5 times more likely to develop one or more secondary
complications, including pulmonary embolism, deep vein thrombosis, and pressure ulcers.!>-17
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Patients with acute SCI, particularly those with high cervical spine injuries, are also at high risk for
respiratory failure. Dysfunction of the muscles of inspiration and expiration caused by injury to
the spinal cord may be exacerbated by pulmonary injury. Vigilance for signs of impending respira-
tory failure is imperative, and in such cases, definitive airway management with positive pressure
ventilation should be strongly considered to ensure avoidance of hypoxemia. If airway protection is
required in an urgent manner, rapid sequence induction with manual in-line spinal immobilization
is generally considered the standard of care. Maintenance of spinal alignment is critical, particularly
for those with cervical SCL.'® An unobstructed airway, and adequate oxygenation and ventilation
are the highest priorities. Patients with SCI often present with associated factors that may compro-
mise airway protection, and establishment of a definitive airway should be considered early in the
management of any patient with signs of impending airway compromise.

An injured spinal cord is particularly susceptible to systemic hypoperfusion. Sound preclinical
evidence and numerous retrospective clinical studies report that prompt hemodynamic resuscita-
tion and blood pressure support improve neurological outcomes.!” Hypotension should be corrected
as soon as possible, and mean arterial blood pressure should be maintained >80 mmHg.

Hypotension may be a result of neurogenic shock, but other potential causes of hemodynamic
instability, such as hemorrhage, tension pneumothorax, cardiac tamponade, and sepsis, should be
considered and managed appropriately if present. Adequate fluid resuscitation is essential, but can be
particularly challenging in patients with SCI. Fluid overload needs to be avoided, as these patients are
at high risk for pulmonary edema. Presently, there is no optimal algorithm to guide fluid resuscita-
tion in an SCI patient, and further research in this area is greatly needed. Vasoactive agents should
be considered early in the setting of hypotension that is not appropriately responsive to fluid resus-
citation, but the optimal choice remains a matter of debate.?’ Patients with high cervical SCIs are
especially at high risk for symptomatic bradycardia, which may lead to asystole, particularly with
noxious stimulation. Symptomatic bradycardia should be treated upfront with atropine to ensure
adequate cardiac output. Bradycardia that is refractory to atropine may respond to aminophylline,
otherwise temporary pacing should be considered.

The use of methylprednisolone sodium succinate (MPSS) in acute SCI is greatly debated. Six random-
ized controlled trials (RCTs) have been conducted to study the safety and/or efficacy of MPSS; the
most notable are the NASCIS II and III trials. No significant differences in motor, sensory, or func-
tional recovery were found in any of the primary analyses. However, post hoc analysis of the NASCIS
IT data revealed that those receiving MPSS within 8 hours of injury had significant improvements in
sensory and motor functions.?! Post hoc analysis of the NASCIS III data demonstrated significantly
greater motor recovery if the 48-hour MPSS protocol was used instead of the 24-hour protocol, when
treatment was started within 3 to 8 hours of injury; however, there was a higher risk of infection.??

For a number of years, administration of MPSS within 8 hours of injury was commonplace, but
there has been a recent shift away from the use of MPSS.2? This can be attributed, in part, to the
2013 American Association of Neurological Surgeons (AANS)/Congress of Neurological Surgeons
(CNS) Guidelines for the Management of Acute Cervical Spine and Spinal Cord Injury, which include
a level 1 recommendation that states, “Administration of MPSS for the treatment of acute SCI is not
recommended.” This recommendation is a departure from the preceding guidelines, which suggested
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MPSS as an option for patients with acute SCIL.2* This change is not supported by a commensurate
shift in the body of evidence. In fact, recent evidence has emerged to suggest that surgery within 24
hours of injury in conjunction with 24 hours of MPSS treatment may improve neurological recovery
and reduce adverse events.2> MPSS should not be viewed as the standard of care; instead, it should
remain as an option after balancing the benefits and risks for each patient. The complication profile
and beneficial effect of MPSS appear to be optimal in cervical SCI. If MPSS is to be given, the 24-hour
NASCIS protocol (30 mg/kg bolus at admission followed by 5.4 mg/kg/hour for 23 hours) should be
utilized to minimize the adverse events that seem to cluster with the 48-hour protocol.

2.31.1.1 Recommendations

= Emergency health care providers must use the following criteria to determine the risk of SCI in a trauma patient: altered
mental status, evidence of intoxication, suspected extremity fracture/distracting injury, focal neurological deficit, and spinal
pain/tenderness. [Level of Evidence (LOE) 1; Grade of Recommendation (GOR) A]

= Emergency health care providers must determine if airway and ventilator support are needed in patients with high tetraplegia.
[LOE 4; GOR A]

= Emergency health care providers must recognize and treat neurogenic shock. [LOE 3; GOR A]

2.3.1.2 Surgical spine management

Spinal compression and neurological deficit are two major principles used to decide on surgery.
However, the surgical approach (anterior, posterior, or combined) varies depending on the patient.
As a general principle, the main approach for patients without the presence of any pathology causing
compression in the canal is posterior stabilization and fusion. Anterior decompression and fusion, as
well as posterior stabilization are required for patients with spinal canal compression. In some cases,
anterior and posterior surgical approaches are equivalent.

Early surgical decompression is playing an increasing role in the treatment of acute SCI. Although
still controversial, evidence is mounting for its safety, clinical, and neurological outcomes. The defi-
nition of early surgery is not fixed, but most consider early to be less than 24 hours after SCI. In terms
of safety, the treating surgeon must balance the potential benefits versus risks of early surgery. The
benefits include relieving cord compression, and therefore limiting secondary injury. The risks include
aggravating secondary injury by hypotensive episodes or blood loss. Several studies suggest patients
should be treated with early surgery if they are medically stable enough for surgery. Clinical benefits
of early surgery possibly include shorter length of both intensive care unit stay and overall hospital
stay, and fewer medical complications (such as pneumonia and deep vein thrombosis). Preliminary
results from the Surgical Treatment for Acute Spinal Cord Injury Study (STASCIS) suggest decom-
pression of the spinal cord within 24 hours of injury is associated with improved neurological recov-
ery in patients with cervical injury.26-30
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2.3.1.2.1 Recommendations

= Spine surgeons should consider early surgical spinal canal decompression and spine fixation/stabilization, where indicated,
and should promote early active rehabilitation to improve functional recovery. [LOE 2; GOR B]

2.3.2 Rehabilitation

The rehabilitation of patients with acute SCI is a multidisciplinary challenge. Close and immedi-
ate acute care (rescue, diagnostics, surgery, etc.) and early rehabilitation are needed to optimize
outcomes.

In addition, rehabilitation requires a team of health care providers. Psychologists can help patients
understand their injuries and cope with the loss of functional independence. Social workers may assist
with vocational and financial concerns. Physiotherapists and occupational therapists are actively
involved in the physical rehabilitation of patients in health care facilities and/or after discharge in the
community. This complement of medical and allied care can have a significant impact on the long-
term health of the SCI patient, as the team focuses on regaining function, enhancing preserved func-
tion, and preventing complications. Key components of physical rehabilitation are strength training,
cardiovascular-focused exercise, respiratory conditioning, transfer/mobility training, and stretching
to prevent contractures. The patient’s progress helps to dictate the level of ongoing care needed in
the community and the use of assistive devices for daily living. Usually, rehabilitation lasts about
6 months for a tetraplegic patient and about 3 months for a paraplegic patient. The whole rehabilita-
tion process should, if possible, take place in specialized SCI centres.

2.3.21 Phases of rehabilitation

2.3.2.1.1 Early stages

In the early stages after an SCI, patients must be trained on how to position themselves in bed.
SCI individuals should change positions every 3 to 6 hours to prevent pressure ulcers. In addition,
the nurses and occupational therapists should instruct the patients to reach adequate independence.
Low-level tetraplegics (C5-T1) and paraplegics without activity of the abdominal muscles (T1-T6/7)
have to learn how to change positions in bed through compensatory movements (e.g., “arm swing”
movement).

Paraplegics with lower lesions can turn themselves in bed with proper use of abdominal muscles.

In the early stages, it is important to prevent pressure wounds. After mobilization in the wheelchair,
when the patient is back in bed, the skin has to be inspected carefully, so action can be taken very
early if appropriate. Occupational therapists must be informed about every new skin lesion, and
accordingly, modify the wheelchair or the seat (cushion) as well as the orthoses.
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Physiotherapists and occupational therapists are involved in supporting and training for mobiliza-
tion. It is important to prepare the patient for mobilization by offering mindful advice, preparing
for the expected challenges (will help to reduce eventual fears), informing the patient about the steps
involved in mobilization, supporting the circulation through pressure stockings and/or medication
to avoid orthostatic hypotension, and using cervical collars or a corset if required.

For mobilization into an upright position (verticalization), especially in tetraplegia or in high
paraplegia, it is important to gradually train the patient. Verticalization training should be at least
30 minutes every day and can be increased in a stepwise manner. Bedside verticalization is the first
step in preparing the patient to sit in a wheelchair, and it is usually performed with the help of two
people. If the patient can sit for at least 10 minutes without problems, a first transfer into the wheel-
chair can be performed (using a transfer board or a Hoyer” lift).

2.3.2.1.2 Rehabilitation of impairment

Good motor function (i.e., strength) is a prerequisite for training in activities of daily living (i.e., stand-
ing and walking). Besides individual physiotherapy—starting with passive-assistive movements and
slowly increasing with active movements (first without and then with resistance) for the upper and lower
extremities—the usage of training devices (specific devices for medical training therapy) and weight-
lifting can help to improve motor strength. For any movement, appropriate preparation of muscle tone,
assessment of joint conditions (i.e., assessing for signs of joint contractures), and allowing for meaning-
ful sensory feedback are requirements in relearning and training limb movements. Crutches, canes,
and walkers can be integral tools in training for complex activities like standing and walking.

2.3.21.3  Rehabilitation of function

Before sitting in a wheelchair, it is important that the patient achieves enough trunk stability to
allow for a controlled and safe sitting position. Optimal positioning in the wheelchair is especially
important, and stability training should be performed as a first step. Being able to transfer from the
bed to the wheelchair, and vice versa, is another important milestone in preparing the patient for
wheelchair training. Eventually, if a patient has adequate body control and upper limb strength for
a floor-wheelchair transfer, wheelchair training may be started. The patient must then learn to be as
independent as possible with their wheelchair, as this is a prerequisite for later training to overcome
curbs and wheeling downhill. Finally, training moves to the real world (outside of the hospital), and
the SCI patient can reach independence in urban situations (e.g., tram, train, bus, etc.).

Walking training with a complete SCI becomes possible in patients with a lesion at least below the
T11/12 level. In such cases, patients will have to compensate for the weakness of the lower limbs by
using their arms to support their body weight. They may likely need to use two orthoses and two
crutches, which would, however, put enormous strain on the shoulders.

Parallel bars or standing frames can be used in other conditions to train for standing. Training for
patients with incomplete transversal paralysis begins with provisional tools: driven gait orthoses
(e.g., Lokomat®; Figure 2-1), other various orthoses, treadmills, walkers, and special shoes and foot-
wear. When walking, it is important to monitor the joint positions. Body weight-supported training
(BWST) assists devices and therapists to dynamically support the patient’s weight while they attempt
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locomotion on a treadmill or over ground. The therapy aims to enhance the remaining connectivity
between the supralesional regions and the locomotor pattern generator in the spinal cord. BWST has
been shown to improve assisted mobility and cardiorespiratory status in many patients. Furthermore,
the relief of skin pressure and redistribution of blood flow help to prevent ulcers and joint-related
complications of SCI.!

FIGURE 2-1 b B S ,.
Driven gait orthoses (like ; . i r”&ﬁ

the Lokomat) provide novel
technical means to intensify
training in patients with
severe SCI when overground
walking is not yet feasible.

2.3.2.1.4 Rehabilitation of independence

Rehabilitation of independence is an integral part of the rehabilitation program, as it defines the
achieved level of outcome. While independence initially focuses on self-care issues (e.g., eating,
dressing, toileting), it eventually covers areas of independent mobility, ranging from wheelchair use
to independent and unsupervised walking. Eventually, independent living and living in the commu-
nity require that many day-to-day activities can be achieved with either no or only limited support
(technical or by caregivers). Thus, individual goals of living can be accomplished by the patients
without dependence on other people for support.

2.3.21.5 Outcomes of independence

A patient with a complete lesion at C1-C4 has complete paralysis of the trunk, arms, and legs, and
requires a mechanical ventilator, except in the case of C4 tetraplegia. Patients with C1-C2 tetraplegia
may be candidates for phrenic stimulation and diaphragmatic pacing. Individuals with C4 tetraple-
gia may need continuous positive airway pressure (CPAP) or bilevel positive airway pressure (BiPAP)
at night to assist with hypoventilation. These individuals are dependent for self-care, transfer, and
bed mobility. Power wheelchairs and environmental control units (ECUs) can increase the inde-
pendence of these patients (e.g., tape recorders, computers, telephones, page turners, automatic door
openers, and other ECUs with mouth control [sip and puft], voice activation, chin control, head
control, eyebrow control, or eye blink). However, they still require a 24-hour attendant for personal
care and other homemaking tasks.
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Patients with C5 tetraplegia have at least antigravity grade 3 (scale: 0-5) strength in the biceps and
movement in the deltoid, rhomboid, supraspinatus, and infraspinatus muscles, but less than grade 3
movement in the wrist extensors. Movements gained include shoulder flexion, extension, and abduc-
tion; elbow flexion; forearm supination; and weak scapular adduction and abduction. There is paralysis
of the trunk and legs, absence of elbow extension and pronation, and absence of all-hand movement.
Patients are unable to perform independent transfers, but can operate a power wheelchair, includ-
ing tilt backs, with appropriately placed controls/switches. Active elbow flexion allows for possible
independent self-feeding, and with a ratchet tenodesis splint, it is possible to pinch without wrist
extensors. C5 is the highest level of tetraplegia that permits driving, given specialized equipment and
a wheelchair accessible vehicle. As most activities will require assistive devices, consideration may be
given to tendon transfers for gross hand function once neurological recovery is considered complete.

Individuals with C6 tetraplegia have at least antigravity strength 3/5 in the radial wrist extensors
(extensor carpi radialis longus and brevis). Additional muscles partially innervated include the supi-
nator, pronator teres, clavicular head of pectoralis major, and latissimus dorsi. Movements gained
include scapular abduction and radial wrist extension. With the addition of wrist extension, tenode-
sis grasp is possible, thereby allowing the fingers to pinch.?

C6 tetraplegics with at least 3/5 wrist extension may benefit from a wrist-driven flexor hinge splint
(tenodesis splint) to create a three-jaw chuck pinch. In these individuals, upper-body dressing inde-
pendence can be achieved, but some assistance will be required with lower-body dressing, and a
hospital bed may be needed to elevate the head. Extensive training is needed for individuals with C6
tetraplegia to achieve independence for transfers. A sliding board and a trapeze over the bed may be
necessary. Independent manual wheelchair propulsion is possible, but the wheelchair may require
plastic-coated rims or knobs. A power wheelchair may be appropriate, especially if an individual
is to return to work. With a tenodesis splint, some men can perform self-catheterization. However,
they may need assistance with clothing, and are unable to apply a condom catheter. Women require
continued assistance with catheterization. At the C6 level, tendon transfers can improve gross hand
function. Tendon transfers of the pronator teres to the flexor digitorum profundus, the brachioradia-
lis to the flexor pollicis longus, and the posterior deltoid to the triceps can provide finger and thumb
movement and elbow extension.?

C7-CS8 tetraplegia allows some function of the triceps, serratus anterior, pronator quadratus, exten-
sor carpi ulnaris, flexor carpi radialis, flexor digitorum profundus and superficialis, interossei/
lumbricals, and abductor pollicis. Movements gained at C7 include elbow extension of at least grade
3; scapular stabilization, protraction, and elevation; ulnar wrist extension; and wrist flexion. At the
C8 level, digit flexion and extension and thumb flexion, extension, abduction, and circumduction
allow for improved hand and finger function. Individuals with C7 tetraplegia will likely have enough
upper extremity motor return to become independent in eating, grooming, dressing, and bathing,
with appropriate assistive devices and durable medical equipment. Men are likely to achieve indepen-
dent self-catheterization, but women may still require assistance, especially if leg spasticity is present.
Independent transfers, weight shifts, pressure reliefs, and manual wheelchair use are feasible with
extensive training. Most individuals with C7-C8 lesions have enough shoulder strength to operate a
modified van with a standard steering wheel and a car with hand controls.
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T1-T9 paraplegia excludes intrinsic hand muscles. The movement gained at T1 is fully functional
upper limbs. With T2-T9 paraplegia, intercostal and erector spinae muscle function is added.
Abdominal muscle innervation begins at T6. The recovery in traumatic sensorimotor complete SCI
patients is very limited. Only patients with a low thoracic-level lesion recover some lower extremity
motor scores (LEMSs), and sensory recovery is very limited. Independence is achieved in all self-care
tasks, including bowel and bladder management and mobility. At lower thoracic levels, standing and
ambulation are possible with bracing, but there must be adequate tolerance of vertical positioning.
Standing frames, parallel bars, and bilateral leg orthoses help achieve vertical tolerance.

Individuals with T10-L1 paraplegia have fully innervated intercostals, external obliques, and rectus
abdominis. With L1 paraplegia, there is also a partial innervation of the hip flexors, such as iliopsoas.
Movements gained include trunk stability and improved potential for ambulation with orthoses.
At L1, individuals will likely achieve household ambulation with bilateral knee-ankle-foot ortho-
ses (KAFOs) using a four-point gait with crutches. Independence is achieved in all self-care tasks,
including bowel and bladder management and wheelchair mobility.

L2-S4/5 paraplegia leaves fully intact abdominal muscles; most trunk muscles; partially to fully
innervated hip flexors, extensors, abductors; knee flexors and extensors; and ankle dorsiflexors and
plantar flexors. With L3 paraplegia, quadriceps and iliopsoas are fully innervated, and voluntary
knee extension is improved. Ankle dorsiflexion is partially innervated at L4. Ankle plantar flexors
are gained at S1. Individuals at these levels are fully independent in all self-care activities and func-
tional mobility. Bowel and bladder management can be performed independently, but the methods
are dependent upon lesion level.>*

2.3.21.6 Recommendations

= Clinicians should refer patients with SCI to specialized SCI centres. [LOE 4; GOR B]

2.4.1 Respiration

Respiratory complications represent the major cause of morbidity and mortality in SCI patients.?
Complications include increased risk of pulmonary infection and death, as well as higher rates of
symptoms of respiratory dysfunction. Inspiratory capacity is diminished in individuals with higher-
level lesions, contributing to microatelectasis, dyspnea with exertion, and, in those with more severe
impairment, respiratory insufficiency. Muscles of expiration are impaired in many individuals with
SCI (e.g., injury >T8). This results in profound effects on cough effectiveness, and presumably on clear-
ance of secretions, and in increased susceptibility to lower respiratory tract infections. In those with
higher-level lesions, asthma-like disorders of airway function have been described; however, these
are prevented by cholinergic antagonists. Such abnormalities have been attributed to the unopposed

52 UROLOGIC MANAGEMENT OF THE SPINAL CORD INJURED PATIENT



effects of parasympathetic innervation on respiratory smooth muscle resulting from disruption of
sympathetic efferents.?¢ A prospective study by Jackson and Groomes of 261 patients with acute SCI
showed that the most frequent respiratory complications were atelectasis (36%), pneumonia (31%),
and respiratory failure (23%). In addition, a total of 67% of the patients had respiratory complications
in the acute phase.?

The two most important markers that predict the need for intubation are the level of the injury and the
American Spinal Injury Association (ASIA) Impairment Scale (AIS) classification. Complete lesions
above C5 require intubation. In these patients, elective intubation is recommended. Indications for
emergent endotracheal intubation include respiratory distress, hypoxemia, and severe respiratory
acidosis. Urgent intubation in patients who develop respiratory distress increases the risk of neuro-
logical damage, due to improper manipulation of the neck or hypoxia. Patients with cervical and
high thoracic SCIs are at high risk of airway loss due to several factors, such as airway and neck
edema or hematoma from direct trauma and local bleeding. All of these patients should be carefully
observed, even if they have no immediate indication for intubation, as the progression of injury due
to edema and ischemia may result in the worsening of respiratory function over minutes, hours,
or days following injury. Patients with a high cervical SCI above the C5 level show the inability to
maintain adequate oxygenation and ventilation as a result of the loss of diaphragmatic innervation
(C3-C5 levels), as well as the loss of chest and abdominal wall strength. Patients with complete SCI
above the C3 level will experience respiratory arrest in the prehospital environment as a result of
absence of diaphragmatic function.

Prevention of respiratory complications must start immediately, irrespective of the level of the SCIL
Secretion stagnation due to weakness of the expiratory musculature is treated with lung physiother-
apy, postural drainage, suction, manual cough support, and mechanical insufflation-exsuftlation.
Mechanical insufflation-exsufflation employs positive pressure in the airway (insufflation) using a
mechanical device (cough assist machine), and then immediately afterwards transforms this positive
pressure into negative pressure (exsufflation). The high expiration flow causes secretions to be forced
up into the upper airways. The cough device can be applied via a face mask or a tracheostomy tube.

Pulmonary embolism is a potentially life-threatening condition, and a significant cause of morbid-
ity and mortality in patients with SCI, especially in cases of immobility. Diagnostic imaging of
pulmonary embolism first involves a chest x-ray to rule out any conditions that mimic pulmonary
embolism, including pneumonia and pneumothorax. The gold standard for imaging investigation is
computed tomography pulmonary angiography (CTPA).? D-dimer levels may also be used to predict
the likelihood of pulmonary embolism or, more generally, deep vein thrombosis development with
high sensitivity and specificity. Prophylaxis is fundamental and includes anticoagulation, when there
is no contraindication, and sequential compression devices.

2.4.2 Spasticity

Spasticity is a motor disorder characterized by a velocity-dependent increase in tonic stretch reflexes
(muscle tone) with exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex, as
one component of the upper motor neuron syndrome.* Up to 80% of patients with SCI have spas-
ticity. Of these patients, 41% report spasticity as a major obstacle to reintegration, and nearly 50%

Early Neurological and Urologic Care of Patients with Spinal Cord Injury 53



report requiring pharmacologic treatment.** Spasticity often causes discomfort. Any trivial sensory
stimulus may trigger painful spasms. Spasticity restricts joint motion and limits mobility. The asym-
metric pull of overactive muscles can alter posture and cause deformities, such as kyphoscoliosis;
flexion contractures of the elbow, hip, and knee; or equinovarus of the ankle. Untreated, spasticity
leads to contractures, which are often difficult to correct. Spasticity affects positioning and pressure
area care, resulting in pressure ulcers. It makes hygiene tasks, especially cleaning of hands, axillae,
elbows, and genital areas, particularly difficult. Spasticity can interfere with bowel and bladder care
and sexual relationships.

Treatment of spasticity is individualized, with the rational being that spasticity may not always have
a negative impact on function. In some cases, it may provide some benefit. In such situations, treat-
ment of spasticity has the potential to lead to further functional decline. The benefits of spasticity
are seen in standing and gait, as well as in transfers. For instance, an ambulatory patient may find
that the extensor spasm helps to control the knee flexion moment; thus, knee collapse is prevented
because of the underlying weakness. Additionally, it seems that spasticity has some positive effects in
regard to muscle mass, bone density, and circulation.

The most commonly used measures of spasticity with high reliability are the Ashworth Scale and
Modified Ashworth Scale.##2 Additional clinical measures include the Penn Spasm Frequency Scale
and the spasm frequency score, both of which can be used to monitor treatment efficacy.

2.4.2.1 Treatments

2.4.211  Stretching

Stretching remains the essential principle for management of all patients with SCI, and should form
the base on which further treatments are added. Passive stretching decreases the excitability of motor
neurons, and maintains the viscoelastic properties of muscles and joints. Stretching should be steady,
continuous, and directional. Passive stretching activities are initially provided by a physical thera-
pist, but the ultimate goal is education of the patient and caregivers, so the stretching activities can be
performed on a daily basis. Prolonged passive standing through the use of a tilt table, standing frame,
or standing wheelchair may also be used to promote stretching; however, this has been shown to at
least temporarily reduce tone.+344

2.4.21.2 Splinting and positioning

Although splinting with a device such as an ankle-foot orthosis (AFO) is most commonly used to
improve function by preventing excessive plantar flexion during the gait cycle (either passive due to
weakness or active due to tone), splinting may also improve spasticity and certainly reduce the risk of
contracture. Proper positioning in the bed and in the wheelchair can reduce the risk of contracture
and may influence the degree of spasticity. Certain postures should be avoided, like leg-scissoring
posture (bilateral hip extension, adduction, and internal rotation). The affected joint can also be
placed in a prolonged stretch position through serial casting, which involves placing the joint at the
stretch through casting, and changing this every 5 to 7 days to achieve further stretch. Serial casting
to provide prolonged stretch is often combined with botulinum toxin injection to reduce tone.
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2.4.21.3 Physical modalities

Physical modalities used to treat spasticity include ultrasound, cryotherapy, vibration, shockwave
therapy, magnetic stimulation, transcutaneous electrical nerve stimulation (TENS), and functional
electrical stimulation (FES). These physical modalities work by modulating the viscoelastic proper-
ties of muscles and tendons (cryotherapy, ultrasound, and shockwave therapy), inducing long-term
depression at the spinal level, stimulating cortico-cortical inhibitory pathways (magnetic stimula-
tion), inducing short-term plasticity in injured spinal motor systems, or activating proprioceptive
inputs (TENS). FES is designed to provide coordinated contraction of the muscle groups to produce
purposeful movements, such as walking, usually with bracing; riding an exercise bicycle; or upper
extremity activities (e.g., grasp). Although passive movements and stretching reduce spasticity, the
addition of FES has been shown to be significantly more effective in patients with complete or incom-
plete SCI 4546

2.4.21.4 Oral pharmacologic treatment

Oral medications are usually the first-line treatment, especially in conditions where spasticity is
a generalized problem and does not involve just a specific muscle. A variety of medications from
several classes can be used, but the effects need to be balanced against the potential for functional
decline, reduced strength, and side effects. The list of proven medications is relatively limited at this
time; however, using a single- or multiple-agent combination, an individualized regimen can usually
be developed under close supervision. Inappropriate dose escalation often leads to side effects and,
hence, to poor compliance. A “start low and go slow” policy limits unwanted functional effects. A
combination of two agents should be tried if the spasticity does not respond to a single agent, or if
the patient can only tolerate low doses. It is important to time the doses according to patient activity,
care, and therapy. Ambulatory patients often require lower doses during the daytime, as they may
be using spasticity to facilitate their walking. A dose may be required immediately after waking in
the morning to facilitate care. The commonly used oral antispasticity drugs are those acting on the
gamma-aminobutyric acid (GABA)ergic system (baclofen, gabapentin, and benzodiazepines) and
the alpha-2 adrenergic system (tizanidine), and those that block calcium release into the muscles
(dantrolene).

Baclofen

Baclofen is the most widely used oral antispasticity drug. The drug is a structural analog of GABA,
with specific affinity for GABA B receptors. It is thought to reduce spasticity by enhancing inhibi-
tory influences by increasing presynaptic inhibition through hyperpolarization, thus preventing the
influx of calcium required for the release of neurotransmitters. Postsynaptically, baclofen likely acts
by hyperpolarizing afferents. The net effect is inhibition of monosynaptic and polysynaptic spinal
reflexes. With oral dosing, metabolism is 15% hepatic, with elimination primarily through the
kidneys, and the half-life is approximately 3.5 hours. There are a variety of potential side effects,
including sedation, drowsiness, and fatigue, which are generally the primary reason for discontinu-
ation. Baclofen can reduce the seizure threshold, and should be used with caution in people with
seizures. Stopping baclofen can provoke rebound spasticity within 48 hours, although rebound spas-
ticity usually settles after another 48 hours. Sudden withdrawal may also cause seizures and halluci-
nations. Baclofen should be used with caution during pregnancy.
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The usual starting dose is 5 mg thrice daily, and increased by 5 to 10 mg weekly until there is an
optimal effect. The maximum dose is 90 to 120 mg/day.

Benzodiazepines

Diazepam is likely the oldest antispasticity agent still in use. Its mechanism of action is central, acting
on the brainstem reticular formation and spinal polysynaptic pathways through GABA A receptors.
Diazepam undergoes hepatic metabolism and is excreted through the kidneys as metabolites with a
variable half-life ranging from 20 to 80 hours. The primary side effects are related to central nervous
system (CNS) depression, leading to sedation and impaired cognition, attention, and coordination.
Additional effects include intoxication and withdrawal, which may lead to symptoms ranging from
anxiety to seizures and coma. This drug has somewhat fallen out of favour, given these adverse effects
and the very long half-life, particularly in the elderly.

Clonazepam is a medication similar to diazepam, but has a shorter time of activity and is more
easily discontinued. It may be used for suppression of myotonia and dystonia, and has shown some
benefit in dystonia. Its half-life is also relatively long at 18 to 28 hours, but not as prolonged as that
of diazepam, providing some advantage in regard to the degree of CNS depression. Clonazepam is
particularly useful in the treatment of nocturnal spasms that interfere with sleep. Doses range from
0.5 to 2 mg.

Tizanidine

Tizanidine is an imidazoline derivative that acts centrally at the alpha-adrenergic receptor, both at the
supratentorial and spinal levels. Its primary mechanism of action is blocking the release of excitatory
amino acids (glutamate and aspartate) and facilitating glycine, which is an inhibitory neurotrans-
mitter. Its half-life is approximately 2.5 hours, and the drug is hepatically metabolized to an inactive
compound, which is subsequently cleared by renal mechanisms. Given these facts, dosing needs to be
adjusted in those with hepatic failure, and this drug is a better choice in those with renal impairment,
in contrast to baclofen. The most common side effects reported in clinical trials include drowsiness,
sedation, and dizziness. As this drug acts at the alpha-2 receptors, hypotension is possible, especially
when used in combination with other antihypertensive agents. Sudden stopping of tizanidine can
lead to hyperadrenergic syndrome, characterized by anxiety, tremor, hypertension, and tachycardia.
The usual starting dosage is 2 mg at bedtime, and increased by 2 mg weekly to a maximum of 36 mg,
divided into three to four daily doses.

Clonidine

Clonidine can be provided in either oral or transdermal form. It acts primarily as an alpha-2 agonist,
at both supraspinal and spinal sites. Its half-life is approximately 15 to 19 hours, with the drug metab-
olized primarily by hepatic mechanisms, but with a portion excreted renally in an active form. Dosing
may thus need to be adjusted, especially in renal disease. The primary side effects are hypotension
and bradycardia, both of which are concerns in SCI, given the autonomic instability. Clonidine is
generally used in conjunction with either baclofen or tizanidine.
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Dantrolene

Dantrolene blocks calcium release from the sarcoplasmic reticulum and interferes with excitation-
contraction coupling of the skeletal muscle. Unlike other antispasticity drugs, it acts directly on the
muscle and is less sedative. A major drawback of the medication is the potential for serious hepa-
totoxicity, with a reported overall incidence of 1.8%, of which 0.3% were fatal. This effect was more
likely in women older than 30 years and those taking more than 300 mg for over 60 days.*’

Gabapentin

Gabapentin was developed primarily as an anticonvulsant. It is commonly used as a neuromodula-
tory agent for neuropathic pain and may have some benefit in spasticity, but the evidence is limited.
Gabapentin may be a reasonable medication to test in situations in which both neuropathic pain and
spasticity are limiting, or in which it is suspected that the neuropathic pain is the primary noxious
stimulus leading to increased spasticity. The side effects include weight gain, gastrointestinal distur-
bance, confusion, depression, hostility, and sleep disturbance. Gabapentin should start at 300 mg
once daily on day 1, 300 mg twice daily on day 2, 300 mg thrice daily on day 3, and then increased
according to the patient’s response in steps of 300 mg every 2 to 3 days to maximum of 3,600 mg daily.

2.4.215 Local treatments

Local treatment with focal neurolysis or chemodenervation has been used as a spasticity manage-
ment tool in a variety of upper motor neuron disorders. The agents generally used are phenol or,
more commonly, botulinum toxin A or B. Chemodenervation has the advantage of providing local
muscle relaxation without the systemic or central side effects. Botulinum toxin, in particular, is easy
to administer, titratable, and reversible.

Botulinum toxin is effective in reducing tone with selected, graded weaknesses and can be used
in conjunction with the previously discussed systemic treatments. The disadvantages of botulinum
toxin are few, but include cost and a relatively short-lived effect of 3 to 6 months. Before consider-
ing botulinum toxin, it is important to address all trigger factors and to ensure that there are no
significant contractures. The next step is for members of the multidisciplinary team to agree on the
treatment goals, the target muscles, and the postinjection interventions.

Relative contraindications to botulinum toxin include fixed contractures, coexisting neuromuscular
disorders, use of aminoglycosides, pregnancy, and bleeding disorders. Botulinum toxin A varieties
include onabotulinumtoxinA (Botox®) and abobotulinumtoxinA (Dysport®). Botulinum toxin B is
available as rimabotulinumtoxinB (Myobloc®). OnabotulinumtoxinA (Botox) dosing in individual
muscles varies from as little as 10 units in small hand muscles to 200 units in large lower limb muscles.

Given the relative diffuse nature of spasticity in SCI, botulinum toxin use is more limited, but it may
serve as an additional tool for very specific goals, such as reduced adductor tone to improve hygiene,
gastrocnemius-soleus complex to reduce risk of contracture, and finger flexors to improve hygiene,
improve cosmesis, and reduce pain. Functional gains in activities such as gait are limited, but reduc-
tion of lower extremity tone, particularly of hamstrings and ankle plantar flexors, may help improve
stance, gait, and transfers. Adverse events of botulinum toxin include respiratory tract infections,
muscle weakness, urinary incontinence, falls, fever, and pain, especially in children.*
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Phenol injections may be used for motor nerve blocks or motor point blocks. The most commonly
applied blocks are to the medial popliteal muscles to aid spastic foot drop, or to the obturator nerve
either in patients with scissoring gait or to improve perineal hygiene and seating posture. Phenol
injections should be done only under the guidance of an ultrasound scan or nerve stimulator. Nerve
sprouting may lead to recurrence of spasticity. A single injection often has effects that last many
months, and injection can be repeated if necessary. Phenol has the advantage of longer effect, lower
cost, and better drug stability, but has the potential side effects of residual causalgia, edema, and skin
sloughing. It also increases the risk of deep vein thrombosis.

Intrathecal baclofen

Intrathecal baclofen is indicated in patients with severe spasticity who are unresponsive to oral
baclofen and have failed other conservative and pharmacologic therapies, and/or who experience
unacceptable side effects at effective doses of oral medications.

Surgical procedures

Surgical procedures can be considered for patients who do not respond to typical physical, pharma-
cologic, and intrathecal options. However, these patients are quite uncommon in the adult popula-
tion with spasticity of spinal origin. Laminectomy, cordectomy, and adhesiolysis can be considered,
particularly the last one, when there is development of impaired cerebrospinal flow from spinal cord
tethering and syringomyelia that leads to an increase in spasticity. Selective rhizotomy is commonly
performed in the pediatric cerebral palsy population, but is rarely performed in adults with SCI.
Many orthopedic procedures, such as lengthening (e.g., in Achilles tendon), releasing, or transferring
a tendon, are helpful in optimizing function and preventing contractures. A tenotomy, the release
of a tendon from a severely spastic muscle, may be performed in individuals with severe spasticity
and without voluntary movement. Tendon lengthening serves to reduce the pull on spastic muscles,
thereby positioning the joints at a more natural and useful angle. A tendon transfer, moving the
tendon attachment to the bone closest to the muscle, is performed in muscles that have at least partial
voluntary function, with the goal of allowing these muscles to produce useful movements. Osteotomy
may be undertaken to correct deformity.**30

2.4.3 Bowel dysfunction

Bowel dysfunction is a major physical and psychological burden for patients with SCI. Spinal cord
lesions affect colorectal motility, anorectal sensation, and anal sphincter function. They can also
cause neurogenic constipation. As with striated muscles, there are two distinct patterns in the clini-
cal presentation of bowel dysfunction: injury above the conus medullaris and injury at the conus
medullaris and/or cauda equina.>! Bowel dysfunction caused by a lesion above the conus medullaris
(hyperreflexic bowel) is characterized by increased colonic wall and anal tone. Voluntary (cortical)
control of the external anal sphincter is disrupted, and the sphincter remains tight, thereby promot-
ing retention of stool. The nerve connections between the spinal cord and the colon remain intact,
and therefore, there is preserved reflex coordination and stool propulsion. The typical clinical presen-
tation of bowel dysfunction is constipation and fecal retention, due, at least in part, to external anal
sphincter activity. In these individuals, stool regulation occurs by reflex activity, caused by a stimulus
introduced into the rectum, such as an irritant suppository or digital stimulation.
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Bowel dysfunction caused by a lesion at the conus medullaris and/or cauda equine (areflexic/hypo-
reflexic bowel) is characterized by the loss of centrally mediated (spinal cord) peristalsis and slow
stool propulsion. Clinically, it is commonly associated with constipation and a significant risk of
incontinence due to the atonic external anal sphincter and lack of control over the levator ani muscle
that causes the lumen of the rectum to open. Completeness of injury also has a significant impact on
bowel function in individuals with SCI. Those with an incomplete injury may retain the sensation
of rectal fullness and the ability to evacuate bowels, so no specific bowel program may be required.
Individual variations in bowel routing prior to SCI and pre-existing conditions may also influence
the pattern of bowel evacuation post injury.

It is important to underline that SCI patients usually do not perceive the normal desire for defecation,
rather describing it as including abdominal distension, hardened or cool abdomen, hardening of the
legs, abdominal pain, chills and dizziness, itching of the head, and pain at the sacrum level.?

An effective bowel management program for a person with a neurogenic bowel involves the modu-
lation of stool consistency, promotion of stool transit through the bowel, and effective reflex or
mechanical evacuation of stool from the rectum at an appropriate time and place. Such care is pre-
emptive; bowel function is manipulated so that effective evacuation from the rectum occurs at a
prespecified and predictable time, when appropriate resources, such as caregiver assistance, are avail-
able. By emptying the bowel at a chosen time, incontinence is avoided. In addition, regular emptying
reduces the risk of impaction of stool due to constipation.>

2.4.4 Pain

Chronic pain is common in patients with neurological complications from a CNS insult such as
SCI. Impaired sensory discrimination can make it challenging to differentiate central neuropathic
pain from other pain types or spasticity. Some SCI-related impairments can be accommodated with
compensatory strategies, whereas chronic pain, especially neuropathic pain associated with injury
to the spinal cord, remains quite recalcitrant. In addition to the expected challenges in treating any
chronic pain condition, SCI-related pain involves the disruption of the normal neural pathways
that subserve pain transmission and attenuation. Central neuropathic pain may also begin months
to years after the injury. The longest average latency in the development of central pain occurs in
patients with SCI. In almost half of patients with SCI who have radiating neuropathic pain at the
level of the injury (at-level pain), the pain develops within 3 months, but can present up to 5 years
after SCI. The mean time to the development of at-level neuropathic pain is 1.2 years.>* Before 2000,
there was no consistent approach to the classification of SCI-related chronic pain. Three classification
systems have since emerged as the leading systems based on their utility, comprehensiveness, validity,
and reliability: the Cardenas SCI Pain Classification, the International Association for the Study of
Pain (IASP) Taxonomy,* and the Bryce-Ragnarsson SCI Pain Taxonomy.>”

The International Spinal Cord Injury Pain (ISCIP) Classification has been adopted by many leading
SCI and pain professional associations throughout the world.58
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The first tier of this system comprises the nociceptive, neuropathic, other, and unknown categories.
The distinction between the nociceptive and neuropathic categories is certainly approximate because
the treatment approaches to these syndromes are often vastly different. As discussed later in this
chapter, nociceptive pain can often be addressed by classic techniques (e.g., in musculoskeletal pain)
or other medical interventions (e.g., in visceral and other nociceptive pain). This fact is in contra-
distinction to neuropathic pain, for which many treatment approaches are either pharmacologic or
interventional. The ISCIP Classification also demonstrates the continued difficulty of even expert
clinicians and scientists to categorize every single pain condition associated with SCI, as demon-
strated by the other and unknown categories.

The relationship between spasticity and pain is complex. Spasticity can limit the range of motion of
a joint and result in musculoskeletal pain. Reduction of spasticity may reduce biomechanical pain.
It is also relevant to note that some spasticity interventions may modulate the pain transmission
pathways. In addition, the sensory loss that occurs in many patients with SCI, especially those with
AIS A neurological levels, may eliminate or substantially reduce the pain responses associated with
noxious events. Increased spasticity may be the only harbinger of these events.® Common neuro-
pathic pain descriptors include burning, uncomfortable cold, prickling, tingling, pins and needles,
stabbing, shooting, lancinating, tight, swollen, and squeezing sensations that are distressing. Chronic
itching in the region of the neurological deficit can also be considered a neuropathic pain equivalent.
Importantly, although these descriptors suggest a neuropathic pain etiology, they are not specific
to neuropathic pain and are frequently used in some common musculoskeletal pain syndromes.
For example, burning is a common descriptor in both neuropathic pain and trochanteric bursitis.
As a general law, below-level neuropathic pain represents central pain. At-level pain can stem from
root and/or dorsal horn SCIs, and as such, represents peripheral (root) and/or central (dorsal horn)
neuropathic pain.

The approach to SCI pain should commence in a manner similar to all chronic pain conditions—
history, physical examination, and judicious use of diagnostic testing. Information should be
obtained regarding the patient’s initial SCI, including date; mechanism of injury; associated injuries,
such as long bone and visceral trauma; description of vertebral column stabilization procedures;
and comorbidities during the acute hospitalization and rehabilitation phases of injury. Descriptors
should be attained regarding pain history, including time of onset from initial injury, time course,
pain location, intensity and quantity, alleviating and aggravating factors, past evaluations, treatments
(including effectiveness), and pharmacologic assessments. Inquiry into the presence or change in
upper motor neuron signs, such as clonus or spasticity, is reasonable. Functional, occupational, and
recreational history should be acquired for two reasons. First, these activities may contribute to the
development of pain (e.g., development of shoulder pain in a wheelchair athlete). Second, the degree
of pain interference with these activities will allow the clinician to judge the functional impact of
the patient’s pain condition. Some degree of psychological assessment is warranted, with exploration
of possible depression, anxiety, personality disorder, concomitant brain injury, substance use, and
cognitive impairment. In selected cases, a more formal psychological assessment, including psycho-
metric testing, by either a psychologist or a psychiatrist may be appropriate. Furthermore, the patient
should be queried as to what diagnostic tests have been previously undertaken.
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Pain assessment should also include a patient self-report component, as this can supplement the
information obtained during the clinical interview and provide a means of evaluating the success or
failure of treatment strategies. The most commonly used measure of pain, for all types of pain, is a
numerical rating scale (NRS). An NRS includes a range of numbers, generally starting from 0 (e.g.
0-10 or 0-100), anchored to descriptors (e.g., no pain at the lowest extreme of the range, and worst
pain imaginable at the highest extreme). Several studies have established an NRS as a reliable measure
of pain intensity.®® Another typical measure of pain intensity is a visual analog scale (VAS). A VAS
consists of a line (horizontal or vertical) anchored by two extremes, with one extreme (e.g., no pain)
on one end and another extreme (e.g., worst pain imaginable) on the other end. Beyond pain inten-
sity, it is reasonable to attempt assessment of pain according to daily activities. Of note, the Initiative
on Methods, Measurement, and Pain Assessment in Clinical Trials IMMPACT) recommended that
measures of pain severity, physical functioning, and emotional functioning be included in all clinical
trials of chronic pain interventions.®! The impact of pain on physical functioning may be obtained
by pain interference scales such as the Graded Chronic Pain Scale, the Brief Pain Inventory, and the
Multidimensional Pain Inventory. These scales have demonstrated reasonable reliability and validity
in SCI populations.

Physical examination of an individual with SCI-associated pain should start with the International
Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) neurological evaluation.
This evaluation is supplemented by further neurological testing, including reflex testing, assessment
of other sensory abnormalities (allodynia, hyperalgesia, and hyperpathia), and evaluation of muscle
overactivity (spasms, spasticity, and clonus). Focal examination of a particular pain area would then
proceed as a neuromusculoskeletal approach used for pain complaints in all populations. Items to
be included are inspection, palpation, active and passive range of motion, and provocative maneu-
vers. Observation of wheelchair propulsion, posture, and gait may be appropriate in selected patients.
Appropriate comfort and fit of assistive devices (cane, walker, and crutch) and orthotic devices
should be undertaken if they seem to contribute to the pain syndrome. A survey of mood, behaviour,
personality, and cognition is certainly reasonable.

Regarding diagnostic testing, above-level syndromes can be evaluated in a manner parallel to a
non-SCI patient. Conditions associated with at-level and below-level lesions are more challenging.
Imaging of the site of the initial spinal injury should be considered in these circumstances. Potential
examples of pain generators that might be detected include segmental instability or compression at
the site of injury, spinal nerve impingement, orthopedic hardware loosening, fluid collection, and
syringomyelia. Discussion with the interpreting radiologist is recommended for assistance with the
choice of imaging modalities. Potential discussion points could include the interference of hardware,
the need for radiographic contrast (intravenous gadolinium for magnetic resonance imaging [MRI],
subarachnoid ionic contrast for computed tomography [CT] myelogram, etc.), and the differentiation
of acute from chronic changes. Given the possible unreliability of abdominal and pelvic examina-
tions in a sensory-impaired patient, imaging may also be warranted if visceral pain is suspected.
In addition to the traditional MRI and CT modalities, specialized techniques may be warranted
for potential pain generators related to neurogenic bowel and bladder (i.e. colonoscopy, cystoscopy,
urodynamic testing, etc.). Triple-phase bone scanning could be appropriate for evaluation of unsus-
pected fractures or complex regional pain syndrome.®
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2.4.41 Treatments for Pain

The treatment of central neuropathic pain is very challenging. As a rule, pain resolution is unlikely.
Like for spasticity, there are different approaches in pain management. The most used approach is
pharmacologic therapy, with combination therapy consistently reported to be more efficacious than
monotherapy.

24411 Nonpharmacologic management

Nonpharmacologic management with a generalized exercise program in the form of global strength
training, cardiovascular training, or recreational physical activities has the potential to be beneficial
in several SClI-related conditions (e.g., spasticity, muscle atrophy, and bone health), but its effect on
global pain in these conditions has not been greatly satisfactory. In addition to generalized and speci-
fied exercise programs, referral to physical or occupational therapy may be appropriate for patients
with SCI with musculoskeletal pain, in an effort to address the biomechanical abnormalities that can
be associated with mobility aids. Modification of orthotics, canes, walkers, crutches, and wheelchairs
has the potential to influence detrimental ergonomics; the best example of this intervention is adjust-
ment of the rear wheel of a manual wheelchair in an effort to modify the shoulder forces that can
occur as a result of wheelchair propulsion.s*

Acupuncture is popular in both general and SCI populations. Survey assessments have reported that
between 15% and 35% of individuals with SCI have tried acupuncture for pain relief with a vari-
able degree of effectiveness. Nayak and colleagues reported that approximately half of the patients
who received 15 sessions of this modality experienced a clinically meaningful reduction in pain.
This study suggested that acupuncture may be more effective in individuals with incomplete inju-
ries or musculoskeletal pain than in those with complete injuries or neuropathic pain.®> Obstructive
sleep apnea syndrome also seems to have an impact on chronic pain. Recently, different studies have
suggested the night-time CPAP as a possible solution to increase the pain threshold in normal and
SCI patients.%¢

2.4.41.2 Pharmacologic treatments

Pregabalin remains the first choice of many physicians for pharmacologic treatment of neuropathic
pain. It is a structural derivative of the inhibitory neurotransmitter GABA, which binds potently
to the alpha-2/delta subunit of voltage-gated calcium channels. It is hypothesized that this binding
reduces the influx of calcium into hyperexcited neurons, which, in turn, results in a reduction in the
release of several neurotransmitters, including glutamate, noradrenaline, serotonin, dopamine, and
substance P. The most common adverse events are mild or moderate, typically transient, somnolence
and dizziness. Edema is also a reported side effect, and is more common in SCI patients. Dosing of
pregabalin ranges from 150 to 600 mg/day, usually in two divided doses. It is always better to start
with the lower dose and then control tolerability and adverse events before increasing the dose.

Before pregabalin release, and at present, gabapentin remains commonly used. This molecule is
active at voltage-gated calcium channels. This agent has been considered effective in SCI-associated
neuropathic pain in several smaller studies. The starting dose of gabapentin is 300 mg/day, and
can be increased by 300-mg increments every 4 to 7 days, initially to three times daily, to a goal of
1,800 mg/day.
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The use of antidepressants for below-level neuropathic SCI pain is a long-standing tradition. The
substantial benefit of tricyclic antidepressants in neuropathic pain has led to this use.’” Perhaps the
most commonly used agent is amitriptyline. The initial dosage is 10 to 25 mg at bedtime with increases
every 4 to 7 days to a goal of 75 to 100 mg at bedtime. Common side effects are sedation, dry mouth,
orthostatic hypotension, confusion, weight gain, urinary retention, constipation, and blurred vision.
Amitriptyline should be used carefully in patients with cardiac disease or history of dysrhythmia.
Periodic electrocardiogram is required to reveal the presence of long QT syndrome. The most recent
antidepressant additions for chronic pain are dual serotonin and norepinephrine reuptake inhibi-
tors. Medications in this class include duloxetine, which has a US Food and Drug Administration
(FDA) indication for chronic musculoskeletal pain, fibromyalgia, and diabetic neuropathy. Adverse
effects are usually sedation, fatigue, nausea, hyperhidrosis, and dizziness. There is an increased risk
of bleeding (use cautiously with anticoagulants) and of withdrawal syndromes with abrupt discon-
tinuation. Duloxetine should be used with caution in patients with hepatic failure. The starting dose
is 20 to 30 mg once daily, with weekly increments of the same dose to a goal of 60 mg/day.

Opioid medications have been suggested as a reasonable option for chronic nociceptive and, perhaps,
neuropathic pain. In patients with SCI, concerns over the potential exacerbation of neurogenic bowel
because of opioid-related constipation makes this decision even more challenging. Several devel-
opments within the opioid class of medications may be of specific interest to physiatrists treating
SCl-related pain. Tapentadol is a centrally acting analgesic with a dual mechanism of action—agonist
activity at the mu-opioid receptor and inhibition of norepinephrine reuptake. Another dual-acting
product is tramadol, which is a combination of a mu-opioid agonist and a serotonin-noradrena-
line reuptake inhibitor. This medication is noteworthy because its mechanism of action is distinct
from those of other opioids. Tramadol has demonstrated benefit in osteoarthritis, fibromyalgia, and
neuropathic pain; however, there is insufficient evidence to definitively consider tramadol as more
effective compared with other opioids. A small RCT of patients with SCI-related neuropathic pain
demonstrated a positive response to this medication.s There are new strategies for the management of
opioid-related constipation, including peripheral opioid receptor antagonists and prokinetic agents.®

2.4.41.3 Other treatments

Given the refractory nature of central neuropathic pain states, multiple surgical interventions
attempting to interrupt aberrant ascending nociceptive signaling or stimulation procedures attempt-
ing to modulate this signaling (neuromodulation) have been proposed to treat refractory central
neuropathic pain. Surgical creation of destructive lesions (“lesioning”) is most commonly applied
to the spinal cord, and includes commissurotomy (i.e., midline myelotomy transecting the crossing
fibres in the spinal cord), dorsal root entry zone lesioning, cordotomy (i.e., selective lesioning of the
lateral spinothalamic tract pain pathways in the anterolateral cord contralateral to the side of pain),
and cordectomy (i.e., transection of the spinal cord).”

2.4.5 Autonomic dysreflexia

Autonomic dysreflexia (AD) is a sudden and exaggerated autonomic response to various stimuli in
patients with SCI or spinal dysfunction. It generally manifests in patients with SCI at or above T6,
and is defined by an increase in systolic blood pressure >20 mmHg from baseline.”" Furthermore,
AD can have life-threatening consequences if not properly managed.”? AD is caused by spinal reflex
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mechanisms that are initiated when a noxious stimulus enters the spinal cord below the level of
injury. This afferent stimulus generates sympathetic overactivity leading to vasoconstriction below
the neurologic lesion, along with involvement of splanchnic circulation causing vasoconstriction and
hypertension. The excessive compensatory parasympathetic activity (and lack of sympathetic tone)
leads to vasodilation above the level of the lesion and is thought to be responsible for headache, flush-
ing, sweating, and nasal congestion. The reflex bradycardia is secondary to vagal stimulation. Bladder
distension is the most common triggering factor for AD. The distension that can result from urinary
retention or catheter blockage accounts for up to 85% of cases.”> The second most common triggering
factor for AD is bowel distension due to fecal impaction. Other potential factors include hemorrhoids
and anal fissures, gastrointestinal precipitants (appendicitis, cholecystitis, etc.), pressure ulcers,
ingrown toenails, fractures, heterotopic ossification, menstruation, pregnancy or labour, deep vein
thrombosis, pulmonary embolism, and sexual activity. Medications, especially nasal decongestants
and misoprostol, may also induce AD. Education of patients, caregivers, and family members regard-
ing AD is vital to prevent it and to recognize its occurrence without delay.

If AD occurs, it is essential to find and eliminate the triggering stimulus (e.g., bladder distension
or bowel impaction). Initial management also involves placing the patient in an upright position to
take advantage of any orthostatic reduction in blood pressure, and loosening tight clothing and/or
constrictive devices. Blood pressure should be monitored until the patient is stable. These steps will
resolve the problem in most patients, but in some, pharmacotherapy (in general, antihypertensive
agents that have a rapid onset and short duration of action) may become necessary.

2451 Treatment of AD

24511 Nitrates and nifedipine

In general, nitrates are the most commonly used therapeutics to lower blood pressure because they
have a direct relaxant effect on vascular smooth muscles, leading to dilation of coronary vessels
and peripheral veins. The topical application of 1 to 2 inches of 2% nitroglycerine (nitropaste)
above the level of the lesion is effective, and can be removed when the hypertensive crisis subsides.”
Alternatively, nifedipine is a dihydropyridine, L-type, voltage-sensitive calcium channel blocker.
When it is administered in immediate-release form (10-mg capsules), it exerts coronary and periph-
eral vasodilator properties.”> Although nifedipine significantly decreases resting mean arterial blood
pressure in patients with SCI, and prevents dangerous blood pressure elevations during cystometry-
evoked dysreflexic hypertension, there is a lack of well-controlled clinical trials on nifedipine use
for the management of AD. If such antihypertensive compounds do not alleviate symptoms, then
intravenous administration of sodium nitroprusside is indicated for rapid titration of blood pressure.
Alpha-adrenergic receptor blocking agents (e.g., terazosin, a specific alpha-1 adrenergic antagonist)
appear to prevent serious harm from AD. They are also efficacious in the first week of treatment in
normotensive SCI patients with AD. Another alpha 1-adrenergic antagonist, prazosin (3 mg twice a
day, given for 2 weeks), has been reported to reduce both the severity and duration of AD episodes
in cervical and high thoracic SCI individuals. Prazosin is also well tolerated; however, it does not
significantly lower resting blood pressure, yet it does reduce the severity of headaches.
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2.4.6 Pressure ulcers

Pressure ulcers are a constant and costly problem in patients with SCI, typically resulting from partial
or complete lack of control and sensation in sitting contact areas, as well as from varying degrees of
incontinence. These factors lead to extended periods of immobility that may result in excessive tissue
pressure and, ultimately, necrosis. Up to 95% of individuals with SCI will develop pressure ulcers
in their lifetime.”s Although preventable in most situations, pressure ulcers may disrupt rehabilita-
tion, prevent individuals with SCI from working or attending school, and interfere with community
reintegration.””

Tissue injury is related to both extrinsic and intrinsic factors. Extrinsic factors include pressure,
shear, friction, immobility, and moisture due to urinary and fecal incontinence. Intrinsic factors
relate to the condition of the patient, such as sepsis, local infection, decreased autonomic control,
altered level of consciousness, older age, vascular occlusive disease, anemia, malnutrition, sensory
loss, spasticity, contractures, smoking, and poor nutrition.$2

In the immobilized patient, the most susceptible areas, in decreasing frequency, are the sacrum,
trochanter, heels, scapula, coccyx, and posterior part of the middle thigh. In the mobilized patient,
the most susceptible areas, in decreasing frequency, are the ischial tuberosity and the sacrum.
Pressure ulcers occur when external pressure exceeds capillary pressure (12-32 mmHg), and isch-
emia of tissue begins to display a spectrum of injury patterns. The pathological sequelae of anoxia,
ischemia, and necrosis can be reversed at the ischemic stage if the factors causing injury are identified
and removed. It is also important to note that muscle is more susceptible to ischemia than skin, and
fat has less tensile strength than skin, which explains the “tip-of-the-iceberg” phenomenon—when
unimpressive skin changes can mask a significant, deep wound down to bone.??

Relieving skin pressure over a bony prominence for 5 minutes every 2 hours will allow adequate perfu-
sion and prevent tissue breakdown,”8 emphasizing the relevance of regular patient repositioning.s2

The most commonly used staging system for pressure ulcers was proposed in 1989 and updated in
2007 by the National Pressure Ulcer Advisory Panel (NPUAP) using a consensus conference model.”

Stage I is defined as “intact skin with non-
blanchable redness of a localized area usually
over a bony prominence. Darkly pigmented
skin may not have visible blanching; its color
may differ from the surrounding area.”

Stage II is defined as “partial thickness loss
of dermis presenting as a shallow open ulcer
with a red pink wound bed, without slough.
May also present as an intact or open/
ruptured serum-filled blister.”

Stage III is defined as “full thickness tissue
loss. Subcutaneous fat may be visible but bone,
tendon or muscle is not exposed. Slough may

be present but does not obscure the depth of
the tissue loss. May include undermining and
tunneling.”

Stage IV is defined as “full thickness tissue
loss with exposed bone, tendon or muscle.
Slough or eschar may be present on some
parts of the wound bed. Often include under-
mining and tunneling.”

Unstageable is defined as “full thickness
tissue loss in which the base of the ulcer is
covered by slough (yellow, tan, gray, green or
brown) and/or eschar (tan, brown or black) in
the wound bed.”
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Recognizing that the terms unclassified/unstageable and deep tissue injury are generally graded as
stage IV in Europe, the NPUAP has agreed to put them separately.

2.4.6.1 Treatment of pressure ulcers

2.4.6.1.1 Prevention

Prevention represents the first step in the management of pressure ulcers. Good positioning of the
patient in the bed and/or wheelchair can make a difference. Prevention of pressure ulcers begins at
the time of injury, and is a lifelong commitment for those living with SCI and/or their caregivers.
Prevention recommendations include:s°

= Examining skin daily to allow for early = Ensuring that all equipment is functioning

detection properly
= Minimizing moisture and incontinence = Decreasing or stopping smoking
= Keeping skin clean and dry = Limiting alcohol consumption, and eating a

= Having an individually prescribed wheel-
chair with a pressure redistribution cushion
and regular pressure relief

well-balanced, nutritionally complete diet,
which includes monitoring of weight to detect
undesirable trends.

Pressure relief should ideally be performed every 15 to 30 minutes for 30 to 120 seconds, depending
on the technique.?! Pressure relief is also the standard conservative treatment for a nonhealing pres-
sure ulcer and has to be patient-tailored.

2.46.1.2 Dressing
Dressing of pressure ulcers can be characterized as passive action or active action, depending on the
wound. The passive dressings vary widely:

= Transparent adhesive dressings are semiper- = Gel dressings keep the surface of the wound

meable, nonabsorptive, and occlusive. They
allow gaseous exchange and transfer of water
vapour from the skin to prevent maceration.
They do not work well on wounds with exces-
sive exudates.

Hydrocolloid wafer dressings contain hydro-
active particles that interact with wound
exudates to form a gel. They provide absorp-
tion of minimal to moderate amounts of
exudate and keep the wound surface moist.

moist as long as the gel does not dehydrate
and provide atraumatic removal.

Calcium alginate dressings are derived from
brown seaweed and are semiocclusive, highly
absorbent, natural, and sterile.

Finally, the active dressings have similar indications for moderate-to-heavy exudate wounds and have
antimicrobial properties (e.g., dressings impregnated with silver) or collagen scaffold properties.s
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2.4.6.1.3 Nutrition

Nutrition is essential for wound healing, and appropriate intake of proteins (1.25-1.5 g/kg) and
nonproteins (30-35 kcal/kg) should be ensured. Clinicians and patients should be reminded that
for surgical patients, the surgery itself will often depress the initial trend of nutritional parameters
during the acute phase reaction following the procedure (7 days), but recovery is expected with
adequate nutritional support.s

2.4.6.1.4 Negative-pressure wound therapy

In 1997, the plastic surgeons Dr. Louis Argenta and Dr. Michael Morykwas from the Wake Forest
School of Medicine presented their 9 years of experimental and clinical experience using the vacuum-
assisted wound closure device in a variety of chronic, subacute, and acute wounds, demonstrating
enhanced granulation tissue and successful wound closure using this new technology.s># Since then,
negative-pressure wound therapy (NPWT) has become an important tool in the management of a wide
spectrum of wounds. The vacuum-regulation device provides continuous or intermittent, controlled
negative pressure to the wound through an airtight dressing, which is changed every second or third
day. The use of NPWT has been described in chronic wounds, including pressure sores. The therapy
is particularly beneficial in patients who are poor surgical candidates, require significant care, have
failed previous operations, or develop areas of wound dehiscence following surgery.s284

There are special considerations for using NPWT in patients with SCI. First, it is contraindicated to
use NPWT in wounds with exposed vital structures, thick exudates, necrotic material, or significant
purulence that would render therapy ineffective or lead to bleeding complications.$285

Second, NPWT foam can irritate normal skin, and proper application in patients with SCI can be
challenging. In some areas, it may be difficult to achieve an adequate seal due to fragile skin integ-
rity. Finally, the application of the NPWT device in patients with SCI must be carefully monitored,
so the device’s foam and tubing do not generate any new pressure points on healthy skin that can
lead to new ulcers. Despite these considerations, NPWT has been a revolutionary contribution to
the wound care field and will continue to be an important option in pressure ulcer management,
particularly as it simplifies chronic wound management in the aging population and is an outpatient
treatment option.8286

2.4.6.1.5 Electrical stimulation

Electrical stimulation has been used to enhance wound healing for more than 50 years. It has been
postulated that electrical current attracts fibroblasts and macrophages, improves wound microcircu-
lation by directly stimulating local cutaneous nerves, and orients and affects mesenchymal stem cell
migration.’>8788 In 1996, Baker et al. reported their experience in identifying a biphasic waveform of
electrical current as the optimal wound-healing protocol among 185 pressure ulcers in 80 patients
with SCI who were treated for 45 minutes/day for 4 weeks. Based on these studies, the use of electri-
cal stimulation as an adjunct to local wound care can be used in both the inpatient and outpatient
settings, and is particularly helpful in accelerating the healing of small wound dehiscences that can
develop in high-risk postsurgical patients.’?#
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2.46.1.6 Treatment/prevention of infection and osteomyelitis

It is imperative that before a pressure ulcer is closed, the presence of infection has been investigated
and eliminated. The removal of all nonviable tissue is the essential first step. After soft-tissue debride-
ment, a specimen should be sent to the microbiology laboratory to assess not only for bacterial types
and sensitivities, but also for quantitative culture. A result of more than 105 organisms per gram
of tissue is diagnostic evidence of invasive infection and is predictive of failure of surgical closure.
The most common organisms isolated from pressure ulcers are Proteus mirabilis, Streptococcus
species (i.e., group D streptococci), Escherichia coli, Staphylococcus species, Pseudomonas species,
and Corynebacterium organisms.8>? It is advisable to include an infectious disease specialist in the
treatment of the often complex, multifactorial, multisource, and polymicrobial infections that occur
in patients with SCI. Regarding the diagnosis of osteomyelitis, the first and easiest step is plain radi-
ography, which can be confirmatory but is not very sensitive. Nuclear scintigraphy has a high false-
positive rate and is therefore not very helpful. MRI has been found to have higher sensitivity and
specificity rates.”! The gold standard for the diagnosis of osteomyelitis remains the bone biopsy. The
standard of care is the administration of intravenous antibiotics for 6 to 12 weeks if bone culture and
sensitivity are positive for acute osteomyelitis with bacterial colonization.s?

2.4.6.1.7 Surgical management

Surgical management of pressure ulcers involves a spectrum of options: simple debridement with
direct closure, skin grafting, fasciocutaneous flaps, myocutaneous flaps, combination proximal
femoral osteotomy and flap reconstruction (Girdlestone procedure), or end-stage lower extremity
disarticulation and total thigh flap. There are several advantages to surgical closure of a pressure
ulcer with muscle flaps in SCI, including definitive wound debridement with skin and soft-tissue
coverage, elimination of dead space, improved vascularity, improved healing from underlying osteo-
myelitis, improved penetration of antibiotics, and restoration of resilient tissue to resist shearing,
friction, and pressure. A comprehensive reconstruction will allow the patient to regain the activities
of daily living more efficiently.s

Both musculocutaneous and fasciocutaneous flaps have their advantages. Flaps that include muscle
have significant bulk and excellent blood supply. They, therefore, can be useful when a significant
soft-tissue defect is present and when a history of infection is a consideration. On the downside,
muscle is susceptible to ischemic injury and is not a good choice in ambulatory patients, as sacri-
ficing muscle may lead to functional impairments. Fasciocutaneous flaps are durable, maintain a
good blood supply (especially if they are axial in design), are closer to the normal anatomical tissue
arrangement, and are less susceptible to ischemia. Thus, they are especially useful in wounds of
limited depth, as are many in the sacral area. However, they become less useful if significant filling of
dead space is required. Most flap coverage strategies use pedicled flaps. Common donors are the latis-
simus dorsi and serratus anterior muscles, and fillet flaps taken from an amputated lower extremity.
In many cases, the gluteal vessels are used as the recipients.

The choice of flap reconstruction depends on the anatomical location of the pressure ulcer, and
several options exist for the most common sacral, coccygeal, ischial, and trochanteric ulcers.822

68 UROLOGIC MANAGEMENT OF THE SPINAL CORD INJURED PATIENT



In a recent systematic review, there was no statistically significant differences in complication and
recurrence rates between musculocutaneous, fasciocutaneous, and perforator-based flaps for the
treatment of pressure ulcers.?>94

2.4.7 Recommendations

= (Clinicians must employ contemporary guidelines to manage pain in the SCI patient. [LOE 1; GOR A]

= Clinicians should employ methods to reduce the risk of pressure ulcers in the SCI patient. [LOE 3; GOR B]

= Clinicians must apply compression devices to prevent venous thromboembolism after SCI. [LOE 1; GOR A]

= (linicians must begin low-molecular-weight heparin/unfractionated heparin immediately after SCI, when there is no
contraindication. [LOE 1; GOR A]

2.5.1 Assessment

2.5.1.1 Introduction

The urological evaluation of patients with SCI requires an understanding of the functional changes
that occur in the urinary tract with spinal cord damage and the time frame in which these changes
occur. It is also important to have some understanding of the potential for bladder recovery, as this
may dictate the neuro-urological management.®

The initial phase following acute SCI is that of spinal shock.*s In addition to the effects on skeletal
muscle, spinal shock may result in an acontractile/hypocontractile detrusor. However, there is no
generally accepted definition of spinal shock since there are no high-level evidence studies on this
issue. The duration of spinal shock varies widely, from several days to several months. It is not an “all
or nothing” entity, but depends on the extension and completeness of the spinal lesion. Nevertheless,
Ditunno et al.”” have proposed a spinal shock model, which is very helpful in understanding this
phenomenon. It includes an initial phase of loss of reflexes and three subsequent recovery phases.?”

Patients with injury at or above the T6 spinal cord level can develop AD. Recognition of dysreflexia
is crucial as it can result in life-threatening sequelae.®s-19 From a urological perspective, this can be
triggered by urinary tract infection, urinary retention, constipation, lower urinary tract intervention,
and bowel or sexual activity.
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During the initial evaluation of the SCI patient, it is important to consider the overall goals of manage-
ment: (1) to achieve low-pressure storage of urine and efficient bladder emptying; (2) to achieve (social)
continence, which is crucial to the patient being reintegrated into the community; (3) to minimize
the risk of developing complications, including urinary tract infection, urethral stricture disease,
calculus disease, hydronephrosis, and renal failure.”

2.51.2 History

In order to establish a patient’s understanding of the long-term outcome, their potential for recovery,
and counseling in regard to bladder function and management, it is ideal to see them in the early
phase of injury. In the future, early intervention such as neuromodulation, may prevent the develop-
ment of high-pressure overactive bladders.!! This, however, is currently investigational.

Key information required when first assessing an SCI patient includes the mechanism of injury, the
level of injury, and the completeness of injury. In addition, a standard urological history should be
obtained, but the relevance of this information will be dependent on when the patient is seen in the
timeline following SCI and the completeness of injury. Clinicians must ensure appropriate bladder
emptying immediately after SCI. Initially, the patient may have an indwelling catheter or use inter-
mittent catheterization (performed either by staff or by themselves). Important information includes
the presence of potential red flags, such as symptoms of infection, hematuria, abdominal pain, and
fever. History of bowel and sexual function should also be included in the urological evaluation.

Past urological history is relevant, especially if previous surgery has been undertaken, such as a trans-
urethral resection of the prostate. In this situation, the loss of the bladder neck sphincter can result in
urinary stress incontinence in a patient with a lumbar, sacral, or peripheral lesion.

Comorbidities that may influence management need to be elicited. This may include coexistent
neurological diseases (e.g., Parkinson disease, traumatic brain injury, or dementia), which would
potentially limit management options. Conditions such as narrow-angle glaucoma, uncontrolled
hypertension, and cardiac arrhythmia may be relevant when considering medical therapy.

Current medications also need to be considered, especially with respect to interactions with either
antimuscarinics or beta-3 agonists, both of which may be utilized in this cohort of patients. Certain
medications can result in additive voiding dysfunction (e.g., opiates or agents with antimuscarinic
properties, such as antidepressants and antipsychotics).”

Finally, an understanding of the social situation is crucial to the successful implementation of lower
urinary tract management. This includes an understanding of the patient’s cultural background and
beliefs. It also includes knowledge of their usual lifestyle. The intake of alcohol and addictive drugs
needs to be included in this discussion. In some circumstances, it may not be possible to change
behaviours, despite SCI. An example is patients who regularly binge drink to the point of inebria-
tion. Such patients may not be suitable for intermittent self-catheterization, nor would they be good
candidates for bladder augmentation.
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2513 Questionnaires

Validated questionnaires are available for use in clinical assessment and research of patients with
neurogenic lower urinary tract dysfunction secondary to SCI. The utilization of outside research is
not mandated, but provides consistency in evaluating patients and monitoring progress. Validated
questionnaires for the neurological population include the SF-Qualiveen, the Qualiveen, the neuro-
genic bladder symptom score, and the Incontinence Quality of Life (I-QOL).102

2514 Examination

General physical examination of the patient with particular attention to body habitus, such as obesity,
should be noted, as it could affect the ability to self-catheterize or the placement of a suprapubic
catheter.

In addition to a standard urological examination, it is useful to complete a focused neurological
assessment of the urogenital region. Included in this are anal tone, perianal sensation, and bulbo-
cavernosus reflex. The interpretation needs to be done in conjunction with an understanding of time
post injury and level of injury.

The bulbocavernosus reflex assesses the S2-S4 nerve roots and is a spinal cord-mediated reflex. It is
assessed by feeling for anal sphincter contraction while squeezing the clitoris or glans penis. In the
presence of a cervical or thoracic injury, absence of the bulbocavernosus reflex suggests the presence
of spinal shock. Conversely, the presence of the reflex indicates the period of spinal shock is over. This
has prognostic value, as absence of sensation or movement below the level of injury with presence of
the bulbocavernosus reflex indicates a complete SCI and poorer prognosis. If the injury is lumbar,
absence of the reflex may indicate a conus and/or cauda equina injury.

2515 Bladder diary

The value of the bladder diary in the SCI cohort is not well studied, but it is highly recommended.!o°
It aids in the management of patients, both in establishing a program of self-catheterization and as a
monitoring tool, especially in those who may have ongoing urinary leakage after initial management.

2516 Laboratory tests

Both dipstick urine analysis and formal microscopy and culture are important for the exclusion of
urinary tract infection. The difference between asymptomatic bacteriuria and urinary tract infection
is highly relevant. Asymptomatic bacteriuria must not be treated. Thus, routine urine testing is not
recommended, unless patients are symptomatic, in an attempt to avoid overtreatment and subse-
quent development of resistant bacteria.

Renal function testing by way of serum creatinine and calculated glomerular filtration rate (GFR) is
useful in the initial evaluation and for long-term monitoring. However, it must be recognized that
changes in serum values may occur much later than anatomical changes, such as hydronephrosis,
and testing will not detect mild renal dysfunction. Therefore, this cannot be used as an alternative
to upper tract imaging. Creatinine clearance is more accurate, but is not routinely used due to the
requirement to collect 24 hours of urine.
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2517 Imaging

Imaging is an essential part of long-term surveillance of patients with neurogenic lower urinary tract
dysfunction.*?* The timing of the initial imaging assessment is not well established, but consensus is
that it should occur within 3 months following SCI.100.104 [ts primary use is for evaluating if there is
the presence of complications from neurogenic lower urinary tract dysfunction, such as hydrone-
phrosis, renal stones, and bladder stone formation.

The modality used must avoid unnecessary radiation exposure, as imaging should be utilized repeat-
edly for long-term surveillance. It should be noninvasive, yet relatively accurate in providing the
desired information. The most commonly utilized modality now is ultrasound.

The presence or absence of vesicoureteral reflux can be picked up on videourodynamics, which is also
an essential part of the evaluation and monitoring of patients with SCI.100

Other imaging modalities such as abdominal CT/magnetic resonance (MR) and/or CT/MR urogra-
phy or nuclear medicine renal scan may be used if an abnormality is picked up on routine ultrasound
imaging.104

Noncontrast renal CT is useful for accurate delineation of renal stones and exclusion of ureteric
stones in the event that unilateral hydronephrosis is identified, with or without loin pain. CT/MR
urogram is utilized for detailed imaging of the collecting system in a patient with hematuria and may
be used as a functional test in the presence of presumed obstruction.

Nuclear medicine renal scan can be utilized to assess renal function as well as confirm the presence
of obstruction.

2.5.1.8 Cystoscopic evaluation

The benefit of routine urethrocystoscopy in the acute SCI patient is not proven.!®> However, it is
mandatory if there is suspicion of other pathologies, such as bladder tumour, bladder calculus,
urethral stricture, etc. In this situation, patients may have had hematuria, recurrent or persistent
urinary tract infection, or difficulty with catheterization. The main concern is development of blad-
der cancer. Although the prevalence may be slightly higher in the SCI cohort, it does not necessarily
justify routine urethrocystoscopy in patients with acute SCI.106
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2519 Recommendations

= Clinicians must ensure appropriate bladder emptying immediately after SCI. [LOE 3; GOR A]

= (Clinicians must perform an initial neuro-urological assessment within the first 3 months after SCI. [LOE 3; GOR A]

= Initial neuro-urological assessment should include history, validated questionnaires, bladder diary, physical examination,
measurement of renal function, and urinary tract imaging. Urodynamics should be performed after the resolution of
spinal shock. [LOE 4; GOR B]

2.5.2 Urodynamic investigation

2.5.2.1 Introduction

Urodynamic investigation (UDI) is the gold standard to evaluate lower urinary tract function in
patients with SCI.1%° UDI allows for patient-tailored management, and regular follow-up with UDI
seems beneficial.!”” Remarkably, ambulatory and nonambulatory patients with acute SCI have a simi-
lar risk for unfavourable urodynamic measures. Therefore, complete neuro-urological assessment
including UDI is strongly recommended in all acute SCI patients, regardless of the ability to walk.10s
Same session repeat UDIs are crucial in clinical decision-making since repeat measurements may
yield completely different results.'®® Any technical source of artefacts must be critically considered,
and all urodynamic findings have to be reported in detail:

= Maximum storage detrusor pressure (Pdet) = Voided volume

= Bladder compliance = Voiding time or average flow rate (mirrors the
= First sensation of bladder filling voiding phase)

= First and strong desire to void = Pelvic floor electromyography (EMG; assesses
= Urgency both the storage and voiding phases)

= Urinary leakage or maximum cystometric
capacity (reflects the storage phase and maxi-
mum flow rate)

Urodynamic parameters, in combination with the bladder diary and the medical history, allow for
diagnosis and treatment. Special attention should be given to appropriate standardization of the
urodynamic technique since this is the prerequisite for reproducible and reliable results. Hence, UDI
has to be performed and reported in accordance with the standards of the International Continence
Society (ICS).1o.111

2522 Cystometry and pressure-flow studies

Cystometry (cystomanometry) is performed to assess the storage (filling) phase. A double-
lumen transurethral or suprapubic (6-10 French) catheter (the catheter lubricant should be
without anesthetic additive to avoid an impact on bladder sensation) is used. The bladder has
to be emptied with intermittent catheterization before each UDI. A physiological filling rate
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(ideally, should not exceed body weight in kilograms divided by four)""! should be used. The
fill medium can be physiological saline, or a mixture of a contrast medium and saline at body
temperature. A fast fill rate, nonphysiological ion concentrations, and low temperature of the
filling fluid may all negatively affect urodynamic results.’®® During filling, provocation tests,
including coughing, change of position from supine or sitting to standing, or handwashing,
can be used to demonstrate inducible detrusor overactivity, urgency or stress, and urinary
incontinence.

It is highly recommended to repeat UDI at least once since repeat measurements may yield
completely different results.’® Ice water testing can be used to test for temperature-sensi-
tive reflex detrusor contraction mediated by afferent C fibres. Detrusor overactivity may be
demonstrated, even if there is no detrusor activity in the standard UDI, thereby helping to
unmask a putatively acontractile detrusor. Since the ice water test is a nonphysiological inves-
tigation that may relevantly bias subsequent UDIs, it should be performed at the end of, and
not precede, more physiological standard UDIs."2 Bladder sensation during UDI is assessed
on the basis of the volume in the bladder at the patient’s first sensation of bladder filling, first
desire to void, and strong desire to void. Urgency is defined as the sudden, compelling desire
to void.!°

A pressure-flow study is performed to assess the voiding (emptying) phase, and reflects the
coordination between the detrusor and urethra/pelvic floor during micturition. Possible
pathological findings include detrusor external acontractility/hypocontractility and bladder
outlet obstruction, including detrusor external sphincter dyssynergia (DESD) and postvoid
residual. Ithas to be considered that many patients with SCI will not be able to void spontaneously;
that is, maximum cystometric capacity and postvoid residual will be identical.

2.5.2.3 Surface electromyography

EMG of the pelvic floor, including urethral and anal sphincter activity, is an established method
for the diagnosis of bladder sphincter dysfunctions. Pelvic floor EMG and videourodynamics are
the most acceptable and widely agreed upon methods for diagnosing DSD, and they are superior
to external urethral sphincter pressure measurement.!’* The pelvic floor EMG is usually simultane-
ously measured with cystometry. Surface electrodes should be placed ventral and close to the anus.
The EMG amplitude is measured in millivolts and provides a simple semiquantitative tracing of the
muscle activity over time. After changing the positions of the electrodes (e.g., UDI at a follow-up
visit), the amplitudes of the different EMG measurements cannot be compared because of the differ-
ent electrode impedances and the different muscle masses. However, the shape of the tracing remains
the same, and thus is comparable. Surface electrodes are therefore highly vulnerable to artefacts, and
the signal should be monitored throughout the measurements (e.g., by zoom tracing on the tracking
software, oscilloscope, or audio signal). Urine leakage (especially in the supine position) can lead
to misinterpretation of EMG findings, as fluid contact with the surface electrodes may mimic DSD
(defined by the ICS as a detrusor contraction concurrent with an involuntary contraction of the
urethral and/or periurethral striated muscles).!!
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2524 Videourodynamics

Videourodynamics is the combination of cystometry and pressure-flow study (when spontaneous
voiding is possible) with imaging. It is the gold standard for UDI in neuro-urological disorders,!°
especially in patients with SCI. If videourodynamics is not available, then cystometry continuing
into a pressure-flow study should be performed with cystography. Videourodynamics can detect
vesicoureteral reflux, bladder trabeculation, pseudodiverticula, diverticula, detrusor internal sphinc-
ter dyssynergia (bladder neck dyssynergia), detrusor external sphincter dyssynergia, and reflux into
the seminal vesicles and prostate. However, ionizing radiation should be kept to a minimum accord-
ing to the as low as reasonably achievable (ALARA) principle.

2.5.2.5 Safety

The main risks of UDI are associated with urethral catheterization. If the patient’s sensation is
preserved, dysuria is quite common in the first days following UDI. Patients with impaired bladder
and urethral sensation are at risk for more severe complications since catheterization problems may
not be recognized promptly due to impaired urogenital sensation.

Prophylactic antibiotics reduce the risk of bacteriuria, but not of urinary tract infection after UDIL.'4
Thus, antibiotic prophylaxis is not generally recommended, especially when taking into account the
alarming prevalence of antibiotic resistance worldwide.

A relevant issue in SCI patients, particularly in those with a lesion at or above T6, is UDI-induced
AD;115 overall incidence is up to 73%.11¢ Thus, if available, continuous cardiovascular monitoring
during UDI is strongly recommended. In the case of AD during examination, stopping UDI and
immediate emptying of the bladder is mandatory to avoid a life-threating situation, and further
treatment (e.g., with nifedipine) may be necessary.!00:116

A history of potential allergies is important, especially considering the allergic potential of latex
gloves, catheters, and contrast media.

2526 Description of urodynamic findings

UDI measures the parameters of the storage (filling) and voiding (emptying) phases. Filling
rate, temperature, different sensation qualities, urological medications, former treatments,
and position of the patient during examination have to be reported. Considering the urody-
namic tracings and all previously mentioned observations/values, a urodynamic diagnosis
can be established, consisting of bladder sensation, bladder capacity (low: approximately
<350 mL; normal: approximately 350-550 mL; high: approximately >550 mL), bladder
compliance (low: <20 mL/cm H,O; normal: >20 mL/cm H,0), detrusor function, and sphinc-
ter function (see Table 2-1).
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TABLE 2-1 Urodynamic Characteristics and Findings™?

Urodynamic Observations

Pves (cm H,0)
Pabd (cm H,0)
Pdet (cm H,0)
Filling rate (mL/min)

Bladder sensation (first sensation of bladder filling, first desire to void, strong desire to void; normal, increased, reduced, absent,
nonspecific bladder sensation, bladder pain, urgency)

S 7

Maximum cystometric capacity (mL) Voided volume (mL)

Bladder compliance (volume change divided by the change in S

Pdet [mL/cm H,0]) Voiding time (s)

Abdominal leak point pressure (cm H,0) Maximum flow rate (mL/s)

Detrusor leak point pressure (cm H,0) Average flow rate (mL/s)

Maximum Pdet during storage phase (cm H,0) Maximum Pdet during voiding phase (cm H,0)

Maximum Pdet at maximum flow rate (cm H,0)

Postvoid residual (mL)

Urodynamic Diagnosis

Detrusor function Outlet/urethral function

Normal detrusor function Normal urethral function

Detrusor overactivity Abnormal urethral function

= Phasic detrusor overactivity = Bladder outlet obstruction

= Terminal detrusor overactivity = Detrusor sphincter dyssynergia

= Detrusor overactivity incontinence = Nonrelaxing urethral sphincter obstruction

Acontractile/hypocontractile (underactive) detrusor
Bladder compliance (low, normal)
Bladder capacity (low, normal, high)

Stress urinary incontinence

Abbreviations: Pabd: abdominal pressure; Pdet: detrusor pressure; Pves: intravesical pressure.

2.5.2.7 Indication for urodynamics in SCI patients

It is important to note that early UDI may be useful, even in patients with incomplete SCI who have
preserved/recovered significant function, as early treatment (if indicated) may improve long-term
outcomes. Indeed, patients who are ambulatory after SCI also have high-risk urodynamic changes on
UDI.108117 Thus, the first UDI should be performed within 3 months of SCI. In patients with unfavour-
able urodynamic parameters'®s (i.e., high maximum Pdet during the storage phase [>40 cm H,O],8
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low-compliance bladder [<20 mL/cm H,0],"" detrusor overactivity, DSD, and vesicoureteral reflux),
follow-up UDI should be considered 1 to 3 months after initiation of treatment (e.g., antimuscarinics,
intradetrusor onabotulinumtoxinA injections, etc.) to assess the treatment effects.

2.5.2.8 Troubleshooting and good urodynamic practice

Abdominal, rectal, and/or detrusor contractions can increase intravesical pressure (Pves)
in a similar way. Thus, to improve quality and reliability of urodynamic assessments, it is
essential to monitor both the Pves and the abdominal pressure (Pabd), which are used to
calculate the Pdet (Pves — Pabd = Pdet). Pressure changes of the detrusor are smooth, whereas
artefacts from Pabd are usually sharp; this occurs as a consequence of the sudden pressure
increase from coughing, which is used to check for proper pressure transmission and should
be frequently repeated (if the SCI patient is able to cough).2° Initial Pabd and Pves should be
in an expected range, and initial Pdet should be close to zero. Resting values are vulnerable to
patient position changes. Fast filling can mimic a low-compliance bladder; hence, use physi-
ological speed and stick to the formula for calculation of filling speed.!!!

Other common problems are a negative Pdet,'"! potentially due to the one of following:

= Too high Pabd: Consider gently reposition-
ing the rectal balloon or draining some of the
rectal balloon filling.

Too low Pves: First check for potential air
bubbles trapped in the catheter, or catheter
may be kinked and blocked. Test by slow
flushing of the catheter, or by repositioning
the catheter.

Too high initial Pdet: As normal empty Pdet
is between 0 and 5 cm H,O, any value higher
than 10 cm H,O needs to be checked.!! Thus,

check if Pves and Pabd are in the expected

range, the zero balance, and the proper signal

response to coughing:

- If Pabd is too low, very slowly flush the
rectal balloon with 1 to 2 mL.

- If Pabd is too high, repeat the same proce-
dure as explained above.

« If Pves is too high, check catheter place-
ment and for kinking. The solution may be
catheter repositioning or slowly flushing
the catheter.

2.5.2.9 Recommendations

= For UDI, if available, videourodynamics must be performed to detect and specify lower urinary tract function and dysfunction
after the resolution of spinal shock. [LOE 1; GOR A]

2.5.3 Initial urological management

SClIs are often associated with severe concurrent head, thoracoabdominal, and skeletal injuries that
require urgent management.'?! The SCI, any associated injuries, and cardiovascular stabilization are
the primary priority. As such, the bladder is usually managed with an indwelling urethral catheter at
the time of presentation to the emergency department.!?! Even in the absence of serious concurrent
injuries, spontaneous voiding is often not possible due to the neurological injury, and catheterization
is required to decompress the acontractile/hypocontractile bladder.
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Acute presentation of a complete SCI can also be accompanied by priapism in the hours follow-
ing injury.!?2 This is generally high-flow priapism, which results from unopposed parasympathetic
input, which increases penile arterial flow. It is also usually associated with a worse prognosis for
neurological recovery, and generally can be managed conservatively. Spontaneous resolution is seen
in most cases within 6 to 24 hours. Urethral catheterization can still be carried out in the presence
of priapism.

Based on data from the 1,250 SCI patients included in the European Multicenter Study about Spinal
Cord Injury (EMSCIL; www.emsci.org), two models have been derived and validated to predict urinary
continence and complete bladder emptying 1 year after injury.®> The full model is based on the LEMS,
light-touch sensation in the S3 dermatome, and Spinal Cord Independence Measure (SCIM) subscale
respiration and sphincter management within the first 40 days of SCI. The simplified model is based
on the LEMS only.s Early prediction of bladder outcomes may optimize counseling and patient-
tailored rehabilitative interventions, and improve patient stratification in future clinical studies.

Intermittent catheterization is generally considered a better long-term method of bladder empty-
ing (compared with indwelling catheters), based on low-to-moderate quality evidence demonstrat-
ing reduced complications and better preservation of renal function.?»!2>124 The time to consider a
trial of intermittent catheterization is based largely on local practice patterns, expert opinions, and
the clinical status of the patient.”?! Once the patient is medically stable and can regulate their own
fluid intake, intermittent catheterization may be considered.!412> Often intermittent catheterization
teaching is introduced during the inpatient rehabilitation program. Earlier conversion to intermit-
tent catheterization may avoid the risk of catheter-related complications and reduce the incidence of
bacteriuria,!?¢ although other small series have not shown any long-term differences based on initial
bladder management.!?” Patients with adequate hand function should try to learn how to do intermit-
tent catheterization themselves, and those without adequate hand function may still be able to do
intermittent catheterization with appropriate caregiver or nursing support.

In cases where the patient is able to resume spontaneous voiding with the removal of the indwelling
catheter, the patient’s postvoid residual should be monitored, either with occasional intermittent
catheterization or with bedside ultrasound measurements. Periodic bladder diaries may also be used
to assess bladder function. In patients with persistent voiding dysfunction who are unsuitable for
intermittent catheterization, conversion of a urethral to a suprapubic catheter may decrease the risk
for urethral erosion over time.!04128 Patients with poor hand function or cognitive impairment and
no full-time attendant, urethral abnormalities, bladder capacity below 200 mL, or significant incon-
tinence may be better managed with a continued indwelling urethral or suprapubic catheter in the
initial period after SCI, until the bladder can be assessed with urodynamics.!> A Cochrane review
did not find any high-quality studies to suggest that special types of indwelling catheters (silver or
antibiotic impregnated) can reduce urinary tract infections over the short term in non-SCI patients,
and more research is needed on these catheters to define any potential role in patients with acute
SCI.*?* Educational interventions early after SCI that attempt to reduce urological complications,
such as urinary tract infections, have yielded mixed results.!30:13!
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The same conservative, medical, and surgical options discussed in Chapter 4: Nonsurgical Urological
Management of Neurogenic Bladder After Spinal Cord Injury and Chapter 5: Surgical Management
of the Neurogenic Bladder After Spinal Cord Injury are applicable, especially antimuscarinics!32133
as first-line pharmacologic treatment for neurogenic detrusor overactivity and intradetrusor botu-
linum toxin A injections'*+1%> for refractory neurogenic detrusor overactivity. Although given the
potential for bladder function to change over time,*¢ and especially for patients’ functional capabili-
ties to improve during the initial year after injury,!?’ irreversible surgical interventions should usually
be delayed until 1 year after SCI.

There has been considerable interest in trying to prevent the development of bladder complications
with interventions early after SCI. In one small case series, 10 patients with complete suprasacral
SCI were treated with early sacral neuromodulation (1-4 months after injury). In a subsequent
follow-up, there was preservation of bladder compliance, no detrusor overactivity, and improved
bowel and erectile function compared with untreated SCI patients.!*' Similarly, animal studies have
demonstrated that early medications, intradetrusor onabotulinumtoxinA, and neuromodulation can
modify long-term bladder function after SCI.138-14% There have been registered clinical trials further
evaluating the ability of early neuromodulation (ClinicalTrials.gov: NCT01043848) and intradetru-
sor onabotulinumtoxinA injections (ClinicalTrials.gov: NCT00711087, NCT01698138) to preserve
bladder function and prevent the development of complications associated with neurogenic bladder.

2.5.3.1 Conclusions

= Urinary continence and complete bladder emptying can be predicted using the EMSCI models (LEMS, light-touch sensation in
the S3 dermatome, and SCIM subscale respiration and sphincter management [full model], or LEMS only [simplified model])
within the first 40 days after SCI. [LOE 2]

2.5.3.2 Recommendations

= Clinicians must consider spontaneous voiding and/or intermittent catheterization in appropriate patients once they are
medically stable. [LOE 3; GOR A]

= Clinicians should delay irreversible surgical interventions until 1 year after SCI due to the potential for neurological recovery.
[LOE 4; GOR B]

= Clinicians must consider antimuscarinics as first-line pharmacologic treatment for neurogenic detrusor overactivity.
[LOE 1; GOR A]

= Clinicians must consider intradetrusor botulinum toxin A injections for treatment of refractory detrusor overactivity.
[LOE 1; GOR A]
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Background of Urologic Surveillance in Neurogenic Bladder Patients

The rate of renal failure-associated mortality in neurogenic bladder (NGB) patients was approxi-
mately 50% prior to the development of regular surveillance examinations and upper and lower tract
monitoring by clinicians.! Regular surveillance evaluations include a detailed history and physical
examination, lab testing for kidney function assessment such as blood creatinine and creatinine clear-
ance (CrCl), cystoscopy when necessary, and upper and lower urinary tract imaging and examina-
tions. However, no consensus guidelines exist on how often NGB patients should be evaluated, much
less what type of studies or imaging should be included in a routine surveillance protocol. Renal
failure in NGB patients is usually a sequel associated with high intravesical pressure, vesicoureteral
reflux, infection, and hydronephrosis, all of which can be assessed on upper and lower tract imaging
such as ultrasound and video-urodynamics. Unfortunately, these sequelae often go unidentified, as
NGB patients may not be able to sense bladder distension, dysuria, or flank pain, depending on level
and completeness of injury, until upper urinary tract damage has already occurred and becomes
irreversible. Thus, it is important to establish cost-effective and reliable urologic surveillance and
follow-up protocols for these patients. Unfortunately, evidence-based medicine has provided mini-
mal guidance and information on the urologic surveillance of NGB patients.

3.1.1 Serum creatinine and other markers of renal function

Patients with spinal cord injury (SCI) have an increased risk of renal insufficiency.? Furthermore,
kidney disease is an independent risk factor for mortality in SCI patients.> This combination
warrants aggressive and lifelong monitoring of renal function.2 However, the ideal method of moni-
toring renal function in the SCI patient population is not well established. There is no best test that
is well accepted, and the frequency of assessment is not known. The Guidelines on Neurogenic Lower
Urinary Tract Dysfunction established by the European Association of Urology (EAU) recommend
annual biochemistries, but specifics as to which tests should be completed are not provided. Clinical
practice guidelines for the Bladder Management of Adults With Spinal Cord Injury, established by the
Consortium for Spinal Cord Medicine and the Paralyzed Veterans of America (PVA), confirm that
there is no consensus on the frequency or the range of tests that should be included.

Options for monitoring of renal function include: serum creatinine, CrCl, cystatin C, and radioiso-
tope studies such as Tc-99 DTPA Nuclear Renal Scans or Cr-51 EDTA plasma clearances. Indeed,
testing that utilizes an exogenous marker such as Tc-DTPA or Cr-EDTA is considered to be the gold
standard.> However, such testing is often labour intensive and costly, resulting in infrequent use.

Serum creatinine is probably the easiest and most commonly used measure to obtain. With the serum
creatinine, glomerular filtration rate (GFR) can then be estimated using several equations such as the
Cockroft-Gault and Modification of Diet in Renal Disease Study (MDRD) equations. These equations
take into account variables including age, gender, and weight, in addition to the serum creatinine.
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However, creatinine has been confirmed to be inaccurate in the SCI patient population. The basis for
this is the fact that creatinine is derived from the breakdown of creatine and phosphocreatine, both
of which are derived from muscle. However, because SCI patients have reduced muscle mass, their
serum creatinine is often lower. This may result in an overestimation of the true renal function.®
Indeed, serum creatinine in SCI adults may not become abnormal until there is a severe loss of renal
function, such as a GFR of <51%.” Hence, assessment of renal function using serum creatinine for the
calculation of GFR is not accurate.

On the other hand, measurement of CrCl is not affected by differences in muscle mass or creatine
production when calculated from measurements of urine and plasma.? When comparing estimated
CrCl (by Cockroft-Gault calculation) to measured CrCl, the Cockroft-Gault equation overestimated
GFR by 20% in paraplegics and by 40% in quadriplegics.® Hence, direct measurement of CrCl is more
accurate, but is often more labour intensive and may still entail limitations such as incomplete urine
collections.

Cystatin C is considered to be superior to serum creatinine as a marker of renal function,' especially
in SCI patients.!" It is produced by nucleated cells at a stable rate and is not affected by muscle mass,
age, or gender.”® In SCI adults, when compared to Cr-EDTA, cystatin C and serum creatinine had
correlation coefficients of 0.72 and 0.26, respectively; the area under the curve was 0.912 for cystatin
C compared to 0.507 for serum creatinine.!! Cystatin C is clearly an accurate marker for renal func-
tion; however, cost concerns may still limit its use.!?

Conclusions

1. Patients with SCl are at increased risk of renal insufficiency. [Level of Evidence (LOE) 1]

2. Serum creatinine is an inaccurate measure of renal function in SCI patients. [LOE 2]

3. There is no consensus in regard to the optimal test to evaluate renal function in patients with SCI or the frequency at which
these tests should be obtained. [LOE 2]

Recommendations

1. Clinicians must monitor renal function in patients with SCl on at least an annual basis. [Grade of Recommendation (GOR) A]

2. Clinicians should not rely on serum creatinine alone when monitoring renal function in patients with SCI. [GOR B]

3. Clinicians may consider using CrCl, cystatin C, and radioisotope studies such as Tc-99 DTPA Nuclear Renal Scans or Cr-51 EDTA
plasma clearances when monitoring renal function in patients with SCI. [GOR C]
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3.1.2 Urinalysis and urine culture

3.1.21 Definition and detection of UTI

Despite advances in care, urinary tract infections (UTIs) continue to be a major reason for morbidity
and mortality in SCI patients. Risk of death attributed to urosepsis is higher in SCI patients compared
to the general population. In SCI patients, the frequency of UTTI is approximately 2.5 infections per
patient per year,'* which is also substantially higher than the general population.# Risk factors include
urinary stasis, high bladder pressures, vesicoureteral reflux, bladder stones, and catheter use.'>

Bacteriuria is an extremely common finding in NGB patients, regardless of the method of bladder
management. In the vast majority of these patients, the bacteriuria is not associated with symp-
toms (i.e. asymptomatic bacteriuria). Treatment of asymptomatic bacteriuria is not beneficial to the
patient, and may result in significant medication side effects.!¢

Symptomatic UTT in the SCI patient is defined as urinary culture with >10? colony-forming unit
(CFU) bacteria/mL and symptoms. NGB patients with UTIs often present differently than the general
population. Symptoms are frequently nonspecific, and can include spasticity, autonomic dysreflexia,
urinary incontinence, and pelvic discomfort.”” Given the high baseline rate of bacteriuria, it is very
important to confirm the presence of UTI symptoms before obtaining a urine culture. Furthermore,
it is often prudent to defer antimicrobial therapy until the urine culture results are available. If the
symptoms resolve while waiting for the culture results, this indicates that the symptoms were likely
not caused by a UTL.

3.1.2.2 Follow-up

Patients with NGB, in general, and SCI, in particular, have a higher risk of developing UTI than indi-
viduals without NGB or SCI. Reasons are multiple and include the use of catheters (intermittent or
indwelling), frequent instrumentation for urodynamic testing, detrusor sphincter dyssynergia (DSD)
with high bladder pressures that may push bacteria to the upper urinary tract, and prostatic ducts or
incomplete emptying with elevated residuals. Hydronephrosis, stones, and bladder diverticula may
also contribute to increase the risk of UTT in SCI patients.

The 2016 version of the EAU neuro-urology guidelines (https://uroweb.org/guideline/neuro-urology)
and the 2013 version of the CUD Incontinence guidelines 5% edition (http:/www.icud.info/
incontinence.html) give only vague information regarding the best way to detect UTI when following
SCI patients with NGB. The recommendation to perform urinalysis every 6 months to every 3 years
reflects the consensus opinion of the panel members based on common sense and good clinical prac-
tices. Series reporting the urological follow-up of neurogenic-impaired patients for several decades
do not indicate any specific frequency for urinary investigation for the presence of bacteria during
the period under scrutiny.

3.1.2.3 When should a urine culture be obtained?

Three studies that described cohorts of patients with NGB followed during several decades did not
describe the frequency or the moment urinalyses were performed, despite the fact that recurrent UTI
was recognized as an adjuvant cause for the progressive deterioration of renal function in several
patients.!8-20
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Asymptomatic bacteriuria in SCI patients is more frequent than in the general population. Rates
depend on the method of bladder management: 23% to 39% in patients doing intermittent catheter-
ization (IC) and 57% in patients using a condom. Bacteriuria will be present in virtually all patients
using an indwelling catheter or a subrapubic tube.?! Therefore, routine urinary testing for bacteri-
uria is not recommended in this population if asymptomatic. However, urinalysis and urine culture
should be obtained if there are classic UTI-like symptoms (more likely to be seen in a patient with
an incomplete injury) or if less-specific symptoms are noted, such as cloudy or malodorous urine,
sudden change in the voiding pattern (e.g. increasing frequency and/or incontinence), increased
muscle spasticity, or increased autonomic dysreflexia, lethargy, hypotension, or malaise.?

3.1.2.4 Urinary evaluation and botulinum toxin A treatment

In the pivotal randomized controlled trial (RCT) of onabotulinum toxin A injection in the bladder
wall, administration of some type of antibiotic prophylaxis was allowed on the presumption that
bacteriuria might impair efficacy of the toxin. However, many injected patients rely on some type of
catheterization and present with chronic bacteriuria.

In a consecutive series of 154 patients undergoing a total of 273 treatments with onabotulinum toxin
A for refractory neurogenic detrusor overactivity, urine samples were collected by sterile catheteriza-
tion for urinalysis and culture. Patients with no clinical signs of UTI underwent injections without
antibiotic prophylaxis. Bacteriuria was found in 73% of all patients pretreatment. Following treat-
ment, symptomatic UTI occurred in 7% (5/73) of cases with sterile urine culture and in 5% with
bacteriuria.?? These results not only raise the question of whether routine antibiotic prophylaxis is
required prior to botulinum toxin A injection, but also raise the question of whether urinalysis is
even necessary in asymptomatic patients, as the results may not impact the decision to proceed with
treatment.

Urinary evaluation after intradetrusor botulinum toxin A injection depends upon patient symptoms
and type of bladder management. Pooled analysis of two large randomized studies showed that the
incidence of bacteriuria in the first 3 months after intradetrusor onabotulinum toxin A 200 U was
49.5%,?* which is not substantially different from the incidence of bacteriuria in a clean intermit-
tent catheterization (CIC)-managed population. However, in multiple sclerosis (MS) patients voiding
normally per urethra and treated with the same dose, the proportion of patients with de novo bacte-
riuria was 53.5%. This high incidence of bacteriuria was attributed to an increased postvoid residual
(PVR) urine or urinary retention requiring de novo CIC.2* However, the incidence of bacteriuria
in MS patients may be decreased to 25.8% if the dose of onabotulinum toxin A is reduced to 100
U.85 Overall, these data suggest that urinalysis after botulinum toxin A injection is not required in
patients doing IC unless a symptomatic UTI emerges.
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Conclusions

1. Patients with SCI have a higher risk of developing UTI than the general population. [LOE 1]

2. Asymptomatic bacteriuria in SCI patients is more frequent than in the general population; the rates depend on the method of
bladder management. [LOE 2]

3. Cloudy and foul-smelling urine may represent bacteriuria without UTI and, by itself, may not warrant a urine culture. [LOE 4]

Recommendations

1. Clinicians should not obtain routine urinalysis in asymptomatic SCI patients. [GOR B]

2. Clinicians should not obtain routine urinary culture in asymptomatic SCI patients. [GOR B]

3. The clinician should obtain a urinary culture in SCI patients with clinical evidence of a symptomatic UTI. [GOR A]

4. Clinicians should be aware that SCI patients with a UTI may present with atypical symptoms, including a change in the voiding
pattern, increased muscle spasticity, increased autonomic dysreflexia, lethargy, hypotension, or malaise. [GOR A]

3.1.3 Imaging

There is currently no consensus on the optimal type of imaging for surveillance of the upper tracts
in patients with NGB secondary to SCI. The current literature would indicate that routine iodinated
contrast studies and computed tomography (CT) are no longer indicated as part of routine surveil-
lance protocols. Similarly, routine renal function studies (renal scans) are rarely used during surveil-
lance follow-up visits.2> A comparative study of 162 NGB patients at the Miami Veterans Affairs
(VA) Medical Center with 478 matched renal ultrasound and renal scan studies performed within
48 hours of each other as part of a surveillance protocol showed a nearly perfect correlation of results
from either modality. In other words, the results of the functional study (renal scan) correlated with
the renal ultrasound in nearly all cases.?® As renal ultrasound is significantly less expensive, less
invasive, and easier to perform, it was adopted as the sole imaging modality of choice for upper tract
surveillance of NGB patients at the Miami VA. This is consistent with the observation by two stud-
ies indicating that 80% of urologists prefer a renal ultrasound during routine surveillance of NGB
patients (see Table 3-1).1:27:28
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A recent review article from Urologic Clinics of North America details a scenario involving 1 follow-
up visit a year to discuss symptoms, conduct blood testing, and perform a renal ultrasound and
abdominal x-ray. The article states that repeat urodynamic study (UDS) testing should be performed
solely based on the premise that the outcome of the tests may change patient management.?6 This
clinical principle leaves a direct parameter for follow-up at the discretion of the urologist. In order to
determine the opinions and discretions of most urologists, a literature search was performed involv-
ing the method and timing of follow-up surveillance protocols for NGB patients. Several studies were
found involving questionnaires polling urologists about their normal follow-up patterns; other stud-
ies involved directing management of NGB patients based on the results of their surveillance testing.

These results are summarized in Table 3-1.

TABLE 3-1 Follow-up Surveillance Protocols for NGB Patients

Number
of doctors
Author/ queried or Follow-up Upper tract Lower tract
date . . ) . . . Cystoscopy
ublished number of visit imaging imaging
P patients
studied
25% yearly
Razdan 80%renal US  65% UDSevery 15 0%CORY:
etall 160 urologists 93% creatinine  yearly, 20% 12-24 months, onl oifxion ) Py
queried yearly renal scan 35% no regular y g
earl UDS term catheter,
yearly hematuria, or
recurrent UTI
UDS done every
' 12 months in
1 did exams 2 only once
every 6 Renal U/S done irﬁ e»\ller 12
E— months, 7 did every 12 months theﬁ ever»\I/
cro i
e}’a,;s 12 urologists ?éar?osnfl\:sr\{ |1n89n'1§\r<?t:z in1  24monthsin,
surveyed : ! * every 12 months
did exams every every 6 months "
: : (reflex voiders
1-2 years, 1 did in 1, every :
. only)in 1, every
exams every 3yearsin 1 2-3years in
=By 1, and only if
indicated in 6
Mostly renal 75% UDS done
58% did exams U/S done every  every 12-24
Blok et a/% ; every 12 12 months in months, 11%
lg?vtérfglgglsts months, 34% 78%, every VUDS done
y did exams every 24 months in every 12-24
3—6 months 17%, every 3—6  months, 14% no
monthsin 34%  regular UDS

Abbreviations: CrCl: creatinine clearance; CT: computed tomography; MRI: magnetic resonance imaging; PVR: postvoid residual;
UDS: urodynamic study; U/S: ultrasound; UTI: urinary tract infection; VCUG: voiding cystourethrogram; VUDS: video-urodynamic study.

continued on page 95
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TABLE 3-1

Number
of doctors
queried or

Author/
date

published | Mumber of

patients
studied

Kitahara _
etal¥ 314 urologists
surveyed
Nosseir 80 patients
etal?s studied over
years
Hadji 59 patients
etal?® studied over
13 months
Khanna 100 patients
etal? studied over
3years
Denys _
et a/261 205 urologists
surveyed
Linsen- 96 patients
mever2 studied over
Y 2 years

Follow-up
visit

68% did exams
every 12
months, 29%
did exams every
12—24 months

Every 6 months

Yearly exam
completed

Yearly exam
completed

5% did exams
every 3 months,
48% did exams
every 6 months,
46% did

exams every

12 months, 1%
did exams every
24 months

Yearly exam
completed

Lab tests

1% creatinine
every 12 months

CrCl once
every 2 years,
urinalysis every
6 months

Creatinine, CrCl,
and urinalysis
done every

12 months

Creatinine done
every 12 months

Urinalysis done
every 12 months

Upper tract
imaging

72% renal

U/S; 26%
intravenous
pyelogram; 1%
renal scan done,
73% did every
12 months, 30%
did every 12-24
months

Renal U/S every
6—12 months

Renal U/S every
12 months

Renal U/S or
voiding cysto-
urethrogram
done every

3 years

All did renal
U/S; 24% did
every 6 months,
70% did every
12 months,

6% did every
24 months

Renal scan
every 12 months

Follow-up Surveillance Protocols for NGB Patients, Cont’d

Lower tract
imaging

52% UDS, 10%

VUDS done,

73% did every 7% cystoscopy
12 months, done yearly
30% did every

12—24 months

UDS every
12 months

UDS every
12 months

UDS every

3 months for
1 year after
spinal shock,
then every

6 months for
1 year, then

yearly

All did UDS; 3%
did UDS every
6 months, 23%
did UDS every
12 months, 23%
did UDS every
24 months,

and 44% did
NOT do UDS in
follow-up

UDS every
12 months

Abbreviations: CrCl: creatinine clearance; CT. computed tomography; MRI: magnetic resonance imaging; PVR: postvoid residual;
UDS: urodynamic study; U/S: ultrasound; UTI: urinary tract infection; VCUG: voiding cystourethrogram; VUDS: video-urodynamic study.

continued on page 96
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TABLE 3-1 Follow-up Surveillance Protocols for NGB Patients, Cont’d

Number
Author/ of doctors
date queried or Follow-up Upper tract Lower tract Cvstosco
ublished number of visit imaging imaging y o
P patients
studied
Burk 10 VUDS
urki . . 12 renal U/S done every
Y y every 12 months ~ UDS done every
12 months
35% renal
U/S Every
- 12-24 months
91% Creatinine o ! o
Cameron 7.210patients  geo oo every 12-24 ?g_/oz(z‘lTrsncggter:/:ry ?2/0_3 4Dr?1§r\1/fhrg 12% cystoscopy
etal* studied over o Bvery months, 80% ! ¢ every

12-24 months 2.5% MRl every 9% PVR every

2 years urinalysis every 12-24 months 12-24 months 12—24 months
12-24 months '
1.5% renal
scan every

12—-24 months

Abbreviations: CrCl: creatinine clearance; CT: computed tomography; MRI: magnetic resonance imaging; PVR: postvoid residual;
UDS: urodynamic study; U/S: ultrasound; UTI: urinary tract infection; VCUG: voiding cystourethrogram; VUDS: video-urodynamic study.

By examining the number of patient-cases and urologists queried in all these studies, a fairly common
pattern of surveillance can be illustrated. Overall, most urologists and their patients are being seen
in follow-up at least once per year. These follow-ups usually include, at a minimum, a history and
physical, creatinine level, and some form of upper and lower urinary tract visualization. Occasionally
these visits are supplemented with real-time anatomical imaging of the bladder and urethra in the
form of office-based cystoscopy, as necessary. In addition to regular surveillance visits, urologic eval-
uation should be performed sooner (as needed) based on a variety of signs and symptoms, such as
new-onset urinary incontinence, recurrent UTI, hematuria, etc.

Conclusions

1. Renal ultrasound is the preferred imaging study for both the initial evaluation and subsequent routine surveillance of patients
with NGB secondary to SCI. [LOE 3]

2. lodinated contrast studies, CT scans, and nuclear function studies (renal scan) are not part of a routine surveillance protocol for
patients with NGB secondary to SCI. [LOE 3]

96 UROLOGIC MANAGEMENT OF THE SPINAL CORD INJURED PATIENT



Recommendations

1. Clinicians should obtain upper urinary tract imaging (such as a renal ultrasound) at least every other year. [GOR A]

2. Bladder ultrasound may be combined with renal ultrasound as a noninvasive means of providing information about bladder
stones and bladder wall thickness. [GOR C]

3.1.4 Urodynamics

Urodynamics findings cannot always be predicted based on the level of SCI.2° Therefore, it is important
to always ascertain a baseline urodynamics study in all newly diagnosed SCI patients. Urodynamics
should be performed after spinal shock has ended. The average period of spinal shock in patients is
approximately 90 days or, more exactly, when the bulbocavernosus reflex returns.26 Once a baseline
urodynamics study has been completed, clinicians can then base their treatment protocols on the
urodynamics findings instead of assuming a treatment protocol based on level of SCI.3

Multichannel urodynamics defines the variables of compliance and detrusor leak point, which are
the most important predictors of upper urinary tract damage. Video-urodynamics carries with it
the added benefit of real-time fluoroscopic anatomical information during both a filling and void-
ing stage. However, video-fluoroscopy puts the patient at risk for regular radiation exposure on a
repeated and chronic basis.

A 2014 International Consultation on Incontinence Research Society meeting examined the risks
and benefits of using video-urodynamics over traditional urodynamics studies in neurologically
intact patients, and determined that only low-level evidence was present for the benefit of adding
video-fluoroscopic imaging to urodynamics studies.?! It remains controversial whether the video
portion of the UDS is always necessary for every patient with NGB.?!

Conclusion

1. The addition of fluoroscopy to urodynamics allows for evaluation of anatomical pathology in the bladder such as trabeculations,
diverticuli, and vesicoureteral reflux. [LOE 2]

Recommendation

1. Clinicians should perform urodynamic assessment at the time of initial evaluation, and repeat studies when dictated by new
clinical, laboratory, or radiographic findings. [GOR B]
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3.1.5 Screening cystoscopy

There is a body of literature recommending cystoscopy for bladder cancer screening in SCI, as these
patients have a higher risk of bladder cancer than the general population. This review will examine
the evidence for this practice.

3.1.51 Definition and utility of screening

In routine urologic practice, cystoscopy for diagnostic purposes is commonly performed in response
to signs or symptoms related to a bladder-related condition. Cystoscopy for surveillance purposes is
generally limited to those persons with certain treated malignancies of the upper and lower urinary
tract. Surveillance cystoscopy as a screening tool is not generally performed, as it does not fulfill the
criteria for a screening test. Screening for disease, such as a malignancy, is a means of accomplishing
early detection of disease in a large number of asymptomatic people, to reduce the complications
and mortality rate from that disease among the persons screened.’? In order to have such an effect,
the screening tool should identify diseases that a) cause substantial morbidity and mortality in the
population at risk, b) have a high prevalence in a detectable preclinical state, and c) are amenable to
effective and improved treatment because of early detection. The screening test must be safe, specific,
sensitive, rapidly and easily administered, inexpensive, and reproducible.?233

3.1.5.2 Conditions for screening at-risk populations

In the SCI population, cystoscopy is often used as a screening tool for bladder cancer. This is based
on historical literature showing a markedly higher incidence of bladder cancer than in the general
population, particularly in chronically catheterized SCI patients (0.1%-10%).>+** It is important to
note that the older literature (e.g. prior to 1985) reflected a time when bladder management of SCI
patients was generally less rigid than it is today. The introduction of clean IC in 1972 by Lapides®®
and subsequent developments of medications and procedures impacting the hygiene and compliance
of the lower urinary tract contributed dramatically to the improvement of bladder health, which has
likely decreased the risk of developing bladder cancer.

More recently, bladder cancer incidence rates in SCI patients appear to be trending downward, but
do not yet match those of the general population, based on two studies with large numbers of SCI
patients. Studying the records of more than 3,000 SCI patients, and comparing them to a cohort from
the Surveillance, Epidemiology, and End Results (SEER) database, Groah et al. found that the risk of
bladder cancer was higher in the SCI population when compared with the general population (with
age and sex adjustment) and that bladder management with an indwelling catheter independently
conferred a significant risk of bladder cancer.’” Pannek reviewed the charts of more than 43,000 SCI
patients in Germany, Switzerland, and Austria over a 5-year period (1995-1999) and found a 0.11%
risk of developing bladder cancer.?® This was lower than earlier rates reported by West et al. of 0.39%,
also over a 5-year period (1988-1992), and Bickel et al. of 0.32%.3%4° Of note, most of the early studies
reporting the incidence of bladder cancer in SCI patients were small studies in which the denomina-
tor was very small or not clearly defined.

Chronic indwelling catheterization in SCI patients is regarded as a risk factor for bladder cancer
development, and appears to increase with increasing time of catheterization.’” Bladder stones and
recurrent UTT appear also as independent risk factors for the development of bladder cancer.4!4
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These factors, which are significantly more prevalent in the SCI population, in addition to the most
common risk factors established for the general population (i.e. advancing age, smoking, chemical
exposure), put the SCI population at greater risk for bladder cancer. Thus, there is continued advocacy
for cystoscopy as a screening tool, presumably corroborated when abnormal histologic findings and
the occasional urothelial malignancy are still being reported in screened SCI patient populations.4344

3.1.5.3 Current practices and evidence

There is no consensus at this time regarding screening cystoscopy in SCI patients. This is manifested
in the variation of urologic practices reported in SCI populations. Authors from the United States,
Canada, the United Kingdom, Ireland, and Japan report a variable range of screening cystoscopy
rates.2845-47 The lack of consensus results from a dearth of consistent data to support recommenda-
tions on the optimal time interval between screening cystoscopy procedures, risk factors to take into
account (e.g. number of years of chronic catheterization, smoking history, UTI rate), the apparent
decrease in risk of bladder cancer in SCI patients over the last 3 decades, and the overall utility of
screening for bladder cancer (see below). If screening cystoscopy is conducted, it is generally done on
a yearly or biannual basis.

Recommendations to perform screening for any disease must be based on adherence to the accepted
principles of screening, as well as evidence for the efficacy of the screening test to achieve its goals.
These will be reviewed below:

1. Does the disease have significant morbidity and mortality?

Bladder cancer, particularly in advanced stages, is highly morbid and fatal. It is the fourth most
commonly diagnosed cancer in men and the ninth most commonly diagnosed cancer in women in
the United States. It is the seventh leading cause of solid cancer-related deaths.*® Furthermore, the
morbidity of bladder cancer in SCI patients appears to be higher than in the general population.?”

2. Does the disease have a high prevalence in a preclinical state?

Two small studies of screening cystoscopy revealed a very low yield of bladder cancer. Hamid et al.
found no bladder tumours in 36 patients with indwelling catheters for at least 5 years. The patients
had a mean follow-up of 12 years.** Yang and Clowers identified no bladder tumours in 59 patients
who were chronically catheterized for >10 years, or for >5 years and actively smoking cigarettes,
who were undergoing annual cystoscopy over a 6-year period.*® Other studies that did not specify
a standard screening program for bladder cancer in SCI patients, but had patients undergo at least
intermittent cystoscopy, also reported low rates of cancer detection. No cancers were found in 262
SCI patients, many of whom were on a screening program.** Only 2 cancers were found in a study of
3,670 SCI patients who had at least 2 cystoscopies during an extended follow-up (range: 1-47 years).’”

Many of the bladders cancers that develop in SCI patients are reported to be of high grade and
advanced stage at the time of diagnosis, even in screened populations. Squamous cell carcinoma
of the bladder is an aggressive, rapidly progressing malignancy, and is found in a much greater
proportion (25%-50%) in SCI patients compared with the 2% to 5% of all bladder malignancies in
Western countries.?5-5 Urothelial carcinomas are also typically diagnosed at a high stage and grade
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in SCI patients, and at a younger age.*>#! Several authors argue that the biology of these rapidly
progressing tumours precludes detection in a preclinical state, particularly on a schedule of annual
cystoscopy. 384150

3. Is the disease amenable to effective and improved treatment because of early detection?

Identification of urothelial carcinoma of the bladder in earlier stages (Ta, T1, and some T2) generally
results in more effective treatment/higher cure rates, even with high-grade disease. Squamous cell
carcinoma of the bladder is also likely to better respond to treatment when it is diagnosed at an
earlier stage,? but is felt to be a more aggressive and rapidly progressing malignancy compared with
urothelial carcinoma.

4. Is the screening test safe, rapidly and easily administered, inexpensive, and reproducible?

Cystoscopy is generally safe, although it is an invasive procedure. Scheduling SCI patients for cystos-
copy generally requires more planning than with ambulatory patients. Cystoscopy is a straightfor-
ward procedure. However, when being performed in conjunction with bladder biopsy, particularly
in an SCI patient prone to autonomic dysreflexia, it may require anesthesia and an operating room
setting, which dramatically increases the risk and costs of the procedure. The reproducibility of
cystoscopy is considered to be high.

5. Does the screening test have adequate sensitivity, specificity, and predictive value?

While cystoscopy is the gold standard for identifying a neoplasm within the bladder, limiting cystos-
copy to the chronically catheterized and, in particular, to the long-standing chronically catheter-
ized would significantly impact the sensitivity and specificity of the test. Inflammatory changes
secondary to catheterization could mask the earliest stages of the disease (decreasing sensitivity),
and paradoxically could also lead to false-positive results in others (decreasing specificity), leading to
unnecessary biopsies. There are several studies that identify the development of bladder cancer in SCI
patients who were not chronically catheterized.>*! Performing annual cystoscopy on all SCI patients
to improve the test’s sensitivity would be prohibitive from a cost and feasibility standpoint.

6. Is there evidence that the screening test decreases morbidity and mortality in an asymptomatic
and at-risk population?

There is currently no high-quality evidence that demonstrates the superiority of screening cystos-
copy over no cystoscopy in SCI. There is scant evidence in the general population for screening,
even in those at high risk for the development of bladder cancer.*® The factor generally considered
as being the most significant in conferring bladder cancer risk is smoking. In a recent evaluation
of the association between tobacco smoking and bladder cancer including men and women in the
National Institutes of Health-AARP (NIH-AARP) Diet and Health Study cohort, former smokers
(119.8 per 100,000 person-years; hazard ratio [HR], 2.22; 95% confidence interval [CI], 2.03-2.44)
and current smokers (177.3 per 100,000 person-years; HR, 4.06; 95% CI, 3.66-4.50) had higher risks
of bladder cancer than never smokers (39.8 per 100,000 person-years).>* In SCI patients, the reported
risk of bladder cancer was 86.8 per 100,000 person-years in those who used indwelling catheters 10
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to 19 years, and increased to 398.1 per 100,000 person-years in those who used indwelling catheters
for 20 years or more (relative risk 4.6; 95% CI, 1.5-14.0).%” Thus, persons with SCI who used catheters
for fewer than 19 years were at lower risk for bladder cancer than former and current smokers in the
general population. With insufficient evidence that screening would be beneficial to those at higher
risk in the general population, it would be difficult to advocate for screening in the SCI group with
a lower risk. Whether there is a valid argument to be made for screening in persons with indwell-
ing catheters for >20 years remains to be seen but, as noted earlier, there has been no high-quality
evidence directly addressing the efficacy of screening in any SCI cohort.

Two recent systematic reviews concluded that surveillance cystoscopy should not be performed to
screen for bladder cancer in the asymptomatic SCI patient.>>5 The disease is morbid and prevalent
in SCI patients and, generally speaking, treatment early in the disease can decrease its morbidity and
mortality. However, the presence of a preclinical state during which a reasonable screening schedule
can be useful is questionable; the invasiveness, cost, and inconvenience of the screening procedure
is significant; and the decreasing incidence of the disease in SCI patients and low yield of reported
bladder cancer in screening studies all argue against screening cystoscopy in this population.

Conclusions

1. Based on one contemporary study, bladder cancer risk is higher in chronically catheterized SCI patients than in the general
population, but persons with SCI who used catheters for fewer than 19 years were at lower risk for bladder cancer than former
and current smokers in the general population. [LOE 3]

2. Cystoscopy does not fulfill the criteria for an appropriate screening test for bladder cancer in asymptomatic SCI patients.
[LOE 3]

Recommendations

1. Clinicians should not perform cystoscopy to screen for bladder cancer in asymptomatic SCI patients. [GOR B]

2. Clinicians should not perform cystoscopy to screen for bladder cancer in chronically catheterized SCI patients, no matter the
duration of catheterization. [GOR B]

3.1.6 Urinary cytology

As reviewed above, patients with SCI have a substantially higher risk of bladder cancer than the
general population, and cytology has been evaluated as a screening tool. However, the use of screen-
ing cytology or diagnostic cytology in the spinal cord population is not clear. Interpretation of the
urine cytology in this patient population is challenging for the cytopathologist due to the common
presence of bacteriuria and inflammatory changes present in the urothelium of patients with chronic
indwelling catheters or on IC. Interpretation is also challenging due to the atypical bladder cancer
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subtypes,* including squamous cell carcinoma and adenocarcinoma, which may be less associated
with positive urine cytologies. In addition, there is sparse literature to strongly refute or support its
use, and no studies were identified that included NGB patients other than those with a diagnosis
of SCI.

In an early retrospective study of spinal cord patients diagnosed with squamous cell carcinoma of the
bladder cancer,* cytology was obtained in 4 of 6 patients. None had positive cytology for cancer, and
one was found to have squamous metaplasia on cytology. This study did identify indwelling catheter
as a risk factor, but found cytology not to be diagnostic of cancer in this small series.

Three later prospective studies of spinal cord populations resulted in no positive cytologies in patients
screened. Broecker et al.* evaluated 81 patients with an indwelling catheter for at least 10 years or an
external collection device for at least 15 years; in no patient was urine cytology positive for cancer,
though several patients had squamous metaplasia. Esrig et al.” prospectively evaluated 37 SCI
patients with indwelling catheters with bladder barbotage. No patient in this cohort had a positive
cytology, including 2 that were diagnosed with bladder cancer on biopsy. In an additional study of
152 cytology specimens in the SCI population (various bladder management types), 1 case of bladder
cancer was detected; however, this patient’s cytology was read as normal.® None of 8 patients with
atypical cytologies were diagnosed with cancer.

Other authors have found cytology more beneficial. Stonehill et al.* recommended yearly screening
cytology in patients catheterized for more than 5 years. This was based on a retrospective review
of 208 patients who underwent a screening protocol and had at least 1 cytology in the 3 months
prior to planned bladder biopsy. Seventeen patients were diagnosed with cancer, and 12 had at least
1 cytology that the authors called positive. The definition of positive cytology included not only a
positive reading for cancer, but also a cytologic reading of any of the following: (1) atypical suspi-
cious, (2) keratinizing squamous metaplasia, (3) suspicious for cancer, or (4) dysplasia. In addition, of
the 20 patients who did have a positive result, only 8 were found to have malignancy confirmed on
biopsy. The authors do state that only 2 patients had cancer diagnosed based on repeat biopsy due to
positive cytology result alone. Likewise, Locke et al.®® found positive cytology in 2 of 25 patients with
more than 10 years of indwelling catheter management, and both were confirmed to have squamous
cell cancer on biopsy.

Several more recent studies do not support the use of cytology in this setting. Davies et al.¢! performed
a prospective study of a variety of urine markers for bladder cancer, including urine cytology for the
detection of bladder cancer in patients with SCI. A total of 1,075 urine samples were collected from
457 patients over 5 years. The methods of bladder management in these 457 patients were: 79 indwell-
ing catheter, 368 IC, and 10 methods not specified. Two patients were diagnosed with bladder cancer
during the study period, and no patient had urine cytology reported as positive for cancer. Likewise,
in a retrospective review of 32 SCI patients by Kalisvaart et al.,>! only 1 of 19 patients with a known
method of detection of bladder cancer was diagnosed by positive cytology; the histologic type of
cancer was not reported for this patient.
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Conclusion

1. There is insufficient evidence to support the use of routine urinary cytology in the evaluation of the asymptomatic SCI patient.
[LOE 4]

Recommendation

1. Clinicians should not use urinary cytology in asymptomatic SCI patients. [GOR D]

3.1.7 Quality of life measures

SCI is a dramatic, life-changing experience with multiple adverse effects in many body systems.
Living with SCI presents challenges in most aspects of daily living, including health-related aspects,
of which urinary tract issues play a major part. Life expectancy for patients with SCI has increased
substantially. How well patients with SCI live, or their quality of life (QOL), is very important. There
are unique problems that these patients face, which means that QOL measures that are not designed
for patients with SCI, or not validated for this population, may be inaccurate. Even those measures
designed for other neuropathic conditions such as MS may not truly reflect the QOL of the SCI
patient. Questionnaires addressing health-related quality of life (HRQOL) must be valid (i.e. they
measure what is intended), responsive (i.e. they are able to detect a change, even a small one), and
interpretable (i.e. those using it must understand the results and find them useful).

There are many indicators of QOL in SCI. This document looks at the measures available for the
impact of urinary symptoms and complications, including incontinence, and how they can be used
to assess outcomes of treatment.

3.1.71 SCI, urinary problems, and QOL questionnaires

The Spinal Cord Injury Research Evidence (SCIRE) website (https:/www.scireproject.com/
outcome-measures) has a valuable resource that summarizes the outcome measures available for
patients with SCI. There are 105 outcome measures (although these are not all QOL measures). This
review includes all the questionnaires with continence and QOL domains from this source. A review
of urologic questionnaires related to the management of SCI and NGB has been done. Also, a full
literature review was performed in PubMed and Scopus for all papers published in peer-reviewed
journals over the past 10 years looking at QOL measurement as related to urinary dysfunction and
its impact in SCI patients. The search criteria used were: urinary incontinence OR urinary bladder,
neurogenic AND QOL OR patient reported outcomes AND SClIs.

There are a number of symptom and QOL scoring tools available for use in SCI that have a compo-
nent that measures the impact of urologic symptoms. A recent review of questionnaires for NGB¢?
identified 18 questionnaires; however, the focus of a majority of the questionnaires was on patients
with MS. In addition, there are several questionnaires that do evaluate patients with SCI that were
not included in the review.
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The SCIRE group identified 13 QOL instruments specific to SCI in its review in 2010:63

Patient-Reported Spasticity Measurement (PRISM), Quality of Well-Being Questionnaire (QWB),
Qualiveen, Sickness Impact Profile 68 (SIP68), 36-Item Short Form Health Survey (SF-36), 36-Item
Short Form Health Survey for Veterans (SF-36V), 12-Item Short Form Health Survey (SF-12), Short
Form 6 Disability (SF-6D), Quality of Life Index (QLI), Quality of Life Profile for Adults With Physical
Disabilities (QOLP-PD), Satisfaction With Life Scale (SWLS), Sense of Well-Being index (SWBI),
World Health Organization Quality of Life short version of the WHO-QOL 100 (WHO-QOL-BREF)
and Incontinence Quality of Life scale (I-QOL).

Only SE-36, WHO-QOL-BREF, Qualiveen, and the I-QOL are presently listed on the SCIRE website.
SE-36 and WHOQOL-BREF do not contain a specific urologic component, but they are widely
used and validated for measuring QOL in SCI. The Spinal Cord Injury - Quality of Life (SCI-QOL)
measurement has been developed since the review; it is also validated but, unlike the other two, it
does have a urologic component.

SF-36% is a generic health status measure that was introduced in 1992 and has been translated into
various languages and used worldwide. It is designed to be applied to all health conditions, assesses
health concepts that represent basic human values, and is relevant to a person’s functional status and
well-being. It contains 36 questions covering 8 domains: physical functioning, role limitations due
to physical health problems, bodily pain, general health, vitality, social functioning, role limitations
due to emotional problems, and mental health. The responses are based on a Likert scale. Both stan-
dard (4 week) and acute (1 week) recall versions are used. Version 2 of the SF-36 was released in 1996
and some modifications were made to the format, the wording of the questions, and the response
options. It has shown reliability and validity as a measure of mood in people with SCI.¢5

WHO-QOL-BREF$ conceptually fits with the World Health Organization (WHO) definition of
QOL. There are 4 domains of QOL: physical health (raw score range: 7-35), psychological health (raw
score range: 6-30), social relationships (raw score range: 3-15), environment (raw score range: 8—40).
Two items measure overall QOL and general health. This QOL instrument was reported as being the
most acceptable and established instrument to assess QOL after SCI in a systematic review by the
SCIRE group in 2010.

SCI-QOL is a questionnaire specifically looking at QOL in patients with SCI. It has 3 major domains
and 18 subdomains. The major domains are physical-medical health, emotional health, and social
participation.’®” When developing the questionnaire, pain was the most frequently mentioned
complication (by 16% of respondents) within the physical-medical section, followed by issues related
to bladder and bowel management (12%). There are 5 bladder questions in this domain relating to
UTIs and bladder issues.

We have identified 6 other questionnaires that assess aspects of QOL in patients with SCI that include
a bladder or incontinence domain as part of the overall questionnaire. They are summarized below:
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Spinal Cord Independence Measures (SCIM)% consists of 16 questions devoted to level of depen-
dence after SCI, with higher scores denoting less dependence (full independence scores 100). The
bladder domain is scored from 0 to 15; a score of 0 is given to those with indwelling catheters, 5 for
those requiring assistance with IC or voiding with a residual >100 mL, 10 for those performing their
own IC, and 15 to those with continence, not requiring IC, and with a residual <100 mL.

The Tetraplegia Hand Activity Questionnaire (THAQ)® is a measure of arm and hand function in
tetraplegics that consists of 9 subclasses, one of which is continence and relates to bladder manage-
ment. Lower scores indicate higher levels of independence and items are scored: 1) Performance or
doing (0=without difficulty to 3=help from others); 2) Use of an aid (0O=never to 3=always); and 3)
Importance of performing activity independently (O=not important to 2=very important).

The Abruzzese scale” is based on the Norton and Gosnell scales and designed to assess the risk of
pressure sore development in acute and long-term phases. It has 9 domains, of which one is conti-
nence. This is measured on a 4-point scale, and high scores denote greater incontinence and higher
risk of pressure sores.

The Waterlow Scale” is used to assess the risk for pressure ulcer development. It was created to
provide better sensitivity and specificity than the Norton by increasing the number of items used.
Every patient is evaluated on 8 items: age, sex, body build, appetite, continence of urine and feces,
mobility, skin appearance in risk areas, and special risks (disorders associated with tissue malnutri-
tion, neurologic deficits, medication, recent surgery or trauma).

The SCI-Health Questionnaire Complications (SCI-HQ: Compl) contains 21 domains with differ-
ent complications, including 2 related to bladder management: UTI and stones. Three questions are
asked for each complication, and scoring is on a 6-point scale for each question: 1) Have you expe-
rienced this problem? 2) Have you sought or received treatment? 3) To what extent did it limit your
activity?

The Rick Hansen Spinal Cord Injury Registry (RHSCIR) community follow-up questionnaire’?
is a questionnaire for follow-up in the community of patients enrolled in the RHSCIR. It includes
questions on both UTI and incontinence taken from the SCI-HQ: Compl questionnaire.

There are a number of scoring tools evaluating the impact of urologic symptoms on QOL. However,
there are only 4 validated for use in NGB or SCI. These are I-QOL, Qualiveen, short-form Qualiveen
(SF-Qualiveen), and Neurogenic Bladder Symptom Score (NBSS).

I-QOL” measures the effect of urinary incontinence on QOL and is divided into 3 subscales: avoid-
ance and limiting behaviour, psychosocial impact, and social embarrassment. It is a 5-point response
scale ranging from 1 (extremely) to 5 (not at all). It has been validated for patients with NGB, but not
specifically in SCI.
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Qualiveen” is a disease-specific QOL measurement for patients with SCI who have urinary disorders.
It was originally developed for French-speaking men and women with SCI, and it has subsequently
been validated for the MS population; culturally adapted validated versions are available in English,
German, Dutch, Turkish, and Italian. It has 30 items that examine 4 domains: bother limitations
(9 items), frequency of limitations (8 items), fears (8 items), and feeling (5 items). Responses are done
with a 5-point Likert-type scale, and scores range from 0 (no impact) to 4 (high adverse impact). Each
domain score is computed as an average of the scores for the items it contains. Individual items are
equally weighted. An overall QOL score also can be calculated from the mean of the 4 domains, with
lower scores indicating better QOL (i.e. no limitations constraints or negative feelings). It takes less
than 30 minutes for completion. The Qualiveen was validated in 281 patients with SCI with urinary
difficulties.

SF-Qualiveen’>76 was devised to shorten the original Qualiveen, decreasing the time and financial
cost of data collection and the risk of total nonresponse or item nonresponse. It consists of 8 ques-
tions regarding bother, restriction, worry, and feelings related to urinary problems. It is scored 0 to 4
for each of the 8 questions, with higher scores indicating worse symptoms. However, it was developed
for the MS population specifically.

NBSS7”7 was developed specifically to assess symptoms and bladder-related consequences for NGB
in SCI, MS, and spina bifida. It contains 24 questions, and 22 of these cover incontinence, storage
and voiding symptoms, and urinary complications associated with NGB. Two additional questions
address bladder management and urinary-specific QOL. These questions include the frequency and
quantity of urine leakage, the impact on health and every day activities, the frequency and severity
of UTTs, and the frequency of bladder and kidney stones. The median score is 19 out of a possible 74,
with higher scores relating to worse symptoms.

Other questionnaires found in the literature review that evaluate QOL in SCI with urologic problems
and their treatments include:

Both Urge-Incontinence Impact Question-
naire (U-IIQ) and the Urge-Urinary Distress
Inventory (U-UDI)”8 have been validated for
use in a population that includes those with
neurogenic incontinence associated with
disease or injury, but they are not validated
for use in the SCI population.

The Kings Health Questionnaire (KHQ) is
a 24-item scale designed to assess HRQOL
associated with lower urinary tract symptoms
(LUTS) and urinary incontinence, but it is not
designed for use in the neuropathic population.
The International Lower Urinary Tract
SCI Basic Data Set (ILUTBSD)” is one of
the Basic Data Sets that have been created
in the areas of lower urinary tract function,
urodynamics, urinary tract imaging, bowel

function, pain, female sexual and reproduc-
tive function, male sexual function, cardio-
vascular function, pulmonary function,
endocrine and metabolic function, and QOL.
The Patient Global Impression of Improvement
(PGI-I) and Wuolle questionnaires® look at
activities of daily living and QOL.

The Michigan Incontinence Symptom Index
(M-ISI)# is a validated instrument for assess-
ing severity and bother related to urinary
incontinence, but it is not validated for use in
the SCI population.

The Overactive Bladder Patient Satisfaction
With Treatment Questionnaire (OAB-PSTQ)
is for patients with overactive bladder, but it is
not specific for NGB.
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= The Patient Global Assessment (PGA) is a = The International Prostate Symptom Score-

nonspecific assessment tool that can be used QOL Index (IPSS-QOL) is widely used as a
for a wide range of physical disorders. symptom score, but it is not validated for use
= The American Urological Association in the SCI population.

Symptom Index (AUA-SI) is widely used as a
symptom score, but it is not validated for use
in the SCI population.

Conclusion and Recommendations

Assessment of urinary symptoms or the impact of treatments in patients with NGB often uses
measures such as urinary frequency, pad usage, urodynamic parameters, and QOL measures that are
not specific to SCI patients, and often not specific to urinary symptoms. They therefore may not be a
true reflection of the impact of symptoms or treatments in these patients. We have identified all of the
papers published in the past 10 years assessing QOL in SCI patients undergoing urologic treatments.

There are a lot of questionnaire options, most of which are not specific for SCI. There is a wide vari-
ety of QOL measure used, probably inappropriately, for this population. There are 4 validated QOL
measures for urologic problems in SCI, which are I-QOL, Qualiveen, SF-Qualiveen, and NBSS. In
addition, SF-36 and WHO-QOL-BREF, although not containing a urologic component, are valid
measures of overall QOL in this population.

Table 3-2 summarizes 45 papers pertaining to SCI and QOL related to urinary problems and bladder
management over the past 10 years. A large proportion of these papers pertain to intravesical botu-
linum toxin A injection and assessing the toxin's effect on QOL. There are a number of QOL tools
used that are shown in the table. Eight studies used I-QOL, 5 used Qualiveen (or SF-Qualiveen), and
6 used SF-36. All the others used QOL measurements that were not validated for the SCI popula-
tion, so one could question the validity of the outcomes in regard to QOL. At this point, there is no
evidence of which validated questionnaire is the most appropriate to use in this patient population.
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TABLE 3-2 Urologic Problems and Quality of Life in Spinal Cord Injury

Abdel
Meguid?e3

Abdul Rahman
et a4

Adelved
et al26s

Adriaansen
et a/68

Akkoc et al267

Anquetil
et al2s8

Bernuz et a/269

Bdthig et a/270

Cameron
etal2n

Cameron
et al?n

Therapy case
series

Prospective,
longitudinal,
single cohort

Cross-sectional
multicentre

Cross-
sectional,
multicentre

Cross-sectional

Case series

Retrospective

Inception
cohort

Cross-sectional
analysis of
prospective
database

31

282

195

152

56

24,762

175

IPSS-QO0L

ubl, lla-7

SF-36

ILUTBSD, SF-
Qualiveen

KHQ

Qualiveen 30

Patient Global
Impression of
Improvement,
Wuolle
Questionnaire,
Verbal Rating
Scale

International
Consultation on
Incontinence
Questionnaire
Short Form

Psychosocial
factors, not Q0L
measurements

M-ISI, AUA-SI,

Fecal Incontinence

Severity Index

SCI

A variety of
spinal cord
pathologies

Sacral fracture

SCI>10 years

SCl

SCI

C5-C7
tetraplegic

High

respiratory
dependent
tetraplegic

SCI

SCland MS

BTx A,

Do you include trigone?

Tension-free vaginal tape in
neuropathic bladder

Sacral fractures and
QOL including bladder
dysfunction

Bladder emptying method
and QOL

Bladder management
spontaneous vs ISC

Botox vs cystoplasty

Tetraplegic patients and
QOL in those that could and
couldn't do ISC

Suprapubic catheter vs ISC

Complications associated
with bladder management

Comparing bowel and
bladder dysfunction

Abbreviations: AUA: American Urological Association; AUA-SI: American Urological Association Symptom Index; BTX-A:
botulinum toxin A; DESD: detrusor external sphincter dyssynergia; HRQOL: health-related quality of life; 11Q-7: Incontinence Impact
Questionnaire; I-LUTBSD: International Lower Urinary Tract SCI Basic Data Set; IPSS-QOL: International Prostate Symptom Score
Quality of Life; I-QO0L: Incontinence Quality of Life Scale; ISC: intermittent self-catheterization; KHQ: Kings Health Questionnaire;
M-ISI: Michigan Incontinence Symptom Index; MS: multiple sclerosis; NDO: Neurogenic Detrusor Qveractivity; QLI: Quality of
Life Index; QOL: quality of life; RCT: randomized controlled trial; SCI: spinal cord injury; SF-36: 36-Item Short Form Health Survey;
Qualiveen-SF: Qualiveen short-form; TOT: transobturator tape; UDI: urodynamic investigation; UDI-6: Urinary Distress Inventory.
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TABLE 3-2 Urologic Problems and Quality of Life in Spinal Cord Injury, Cont'd

Chartier-
Kastler et al273

Chen et a/27
Chen et al?75

Chen et al278

Cruz et al2”?

Ge et al?78

Giannantoni
et al?’

Ginsberg
et al280

Grise et al28

Gurcay et a/282

Gurung et al283

Hagan and
Rekand2s4

Hollingworth
et al8s

Review of ISC
as a treatment
of neuropathic
retention

Single-arm
clinical trial

Observational
RCT

Multicentre,
double-blind
RCT

Observational

Prospective
observation

2 double-blind
RCT

RCT
Cross-sectional

Retrospective
analysis

Postal survey
of bladder
management
and
satisfaction

Prospective
cohort

38

72

100

275

24

17

691

77

19

248

59

Not specified

uDI-6
[-Q0L

[-Q0L

[-Q0L

[-Q0L

[-Q0L

[-Q0L

Qualiveen

SF-36 (Turkish
version)

Questionnaire
survey

Questionnaire

|-Q0L, Short-Form

6-Dimension

SCI, MS, SB

Suprasacral
SCl

SCI

SCl

SCI, MS

SCI

SCI

SCI, MS

NDO

SCI

SCI

SCI, other
neurogenic
patients

SC

BTx

Repeated BTx

Role of percutaneous tibial
nerve stimulation

BTx

BTx

BTx

BTx

BTx (Dysport)

Bladder incontinence effects
Q0L

Cystoplasty after 10 years

Bladder management and
satisfaction of life

Maps urinary incontinence
to Q0L

Abbreviations: AUA: American Urological Association; AUA-SI: American Urological Association Symptom Index; BTX-A:
botulinum toxin A; DESD: detrusor external sphincter dyssynergia; HRQOL: health-related quality of life; [1Q-7: Incontinence Impact
Questionnaire; I-LUTBSD: International Lower Urinary Tract SCI Basic Data Set; IPSS-QOL: International Prostate Symptom Score
Quality of Life; I-QOL: Incontinence Quality of Life Scale; ISC: intermittent self-catheterization; KHQ: Kings Health Questionnaire;
M-ISI: Michigan Incontinence Symptom Index; MS: multiple sclerosis; NDO: Neurogenic Detrusor Overactivity; QLI: Quality of
Life Index; QOL: quality of life; RCT: randomized controlled trial; SCI: spinal cord injury; SF-36: 36-Item Short Form Health Survey;
Qualiveen-SF: Qualiveen short-form; TOT: transobturator tape; UDI: urodynamic investigation; UDI-6: Urinary Distress Inventory.
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TABLE 3-2 Urologic Problems and Quality of Life in Spinal Cord Injury, Cont’d

Ke and Kuo?28s

Krassioukov
et al287

Kuo288

Kuo and Liuzee

Kuo290

Lima et a/2

Linsenmeyer292

Liu et a/2%3

Lombardi
et al?%*

Losco et a/2%

Martens
et al2%

Merenda
et al297

Noonan et a/2%8

Retrospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Review of BTx
in NDO

Cross-sectional
study

Retrospective
review of TOT
in SCI

Cross-sectional
study

Descriptive
retrospective

Cross-sectional

8

33

515

67

142

75

21

93

16

70

AUA/IPSS-Q0L
index

Standardized
Autonomic
Function
Questionnaire

ubI-6, Q-7

ubI-6, 110-7

uDI-6, 110-7

SF-36, Qualiveen

SF-36, KHQ

SF-36

Patient
satisfaction no
method identified

Qualiveen, SF-36

Thematic analysis
of Q0L

SF-36

3

SCl at or above
mid thoracic

SCl athletes

SCI

Suprasacral,
SCl

SCI

Neurogenic
bladder

SCI, MS

SCI

Incomplete SCI

SCl

Complete SCI

SCI

SCI >2 years
post-injury

Transurethral incision of
bladder neck

Catheterization practices

Urethral injection of BTx

Repeat BTx

QOL between detrusor, BTx
and urethral BTx

QOL before and after
cystoplasty

BTx

Bladder management and
QoL

Sacral neuromodulation

TOT

Brindley bladder stimulator

Mitrofanoff

Impact of associated
conditions on Q0L

Abbreviations: AUA: American Urological Association; AUA-SI: American Urological Association Symptom Index; BTX-A:
botulinum toxin A; DESD: detrusor external sphincter dyssynergia; HRQOL: health-related quality of life; [1Q-7: Incontinence Impact
Questionnaire; I-LUTBSD: International Lower Urinary Tract SCI Basic Data Set; IPSS-QOL: International Prostate Symptom Score
Quality of Life; I-Q0L: Incontinence Quality of Life Scale; ISC: intermittent self-catheterization; KHQ: Kings Health Questionnaire;
M-ISI: Michigan Incontinence Symptom Index; MS: multiple sclerosis; NDO: Neurogenic Detrusor Qveractivity; QLI: Quality of
Life Index; QOL: quality of life; RCT: randomized controlled trial; SCI: spinal cord injury; SF-36: 36-Item Short Form Health Survey;
Qualiveen-SF: Qualiveen short-form; TOT: transobturator tape; UDI: urodynamic investigation; UDI-6: Urinary Distress Inventory.
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TABLE 3-2

Nwadiaro
et al2%®

Pannek and
Kullik3oo

Patki et a/301
Sanchez

et al302

Sorokin and
De3os

Sussman
et al304

Tsai et al30s

Utomo et a/308

Zhang et al307

Urologic Problems and Quality of Life in Spinal Cord Injury, Contd

125

Prospective 41

Prospective 37

Prospective

observational ol

Review of
patients unable
todo ISC

Prospective,
double-blind,
placebo
controlled

92

Prospective

open label 18

Cochrane
Review

Search of 8
databases

QOL tools

“significant
satisfaction”

Qualiveen

International
Consultation on
Incontinence
Questionnaire

KHQ

[-Q0L, HRQOL,
Overactive
Bladder Patient
Satisfaction
With Treatment
Questionnaire,
Patient Global
Assessment

aLl

Concluded that
studies with Q0L
measurement
needed

QOL method not
stated

3

SCI

SCI

SCI

SCI

SCl unable to
do ISC

SCI, MS

SCl

SCI, MS

Urethral catheter vs
suprapubic cystostomy

Urodynamics correlation
with QOL

BTx

Bladder management and
QoL

Review of patients unable
todo ISC

BTx, specific Q0L
improvement measures with
treatment

BTx transperineally for DESD

Surgical management of
functional bladder outlet
obstruction

Acupuncture, systematic
review protocol

Abbreviations: AUA: American Urological Association; AUA-SI: American Urological Association Symptom Index; BTX-A:
botulinum toxin A; DESD: detrusor external sphincter dyssynergia; HRQOL: health-related quality of life; [1Q-7: Incontinence Impact
Questionnaire; I-LUTBSD: International Lower Urinary Tract SCI Basic Data Set; IPSS-QOL: International Prostate Symptom Score
Quality of Life; I-QOL: Incontinence Quality of Life Scale; ISC: intermittent self-catheterization; KHQ: Kings Health Questionnaire;
M-ISI: Michigan Incontinence Symptom Index; MS: multiple sclerosis; NDO: Neurogenic Detrusor Qveractivity; QLI: Quality of
Life Index; QOL: quality of life; RCT: randomized controlled trial; SCI: spinal cord injury; SF-36: 36-Item Short Form Health Survey;
Qualiveen-SF: Qualiveen short-form; TOT: transobturator tape; UDI: urodynamic investigation; UDI-6: Urinary Distress Inventory.

Conclusion

1. There are 4 validated QOL measures for urologic problems in SCI: [-QO0L, Qualiveen, SF-Qualiveen, and NBSS. [LOE 2]
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Recommendation

1. Clinicians aiming to measure Q0L associated with urologic problems in SCI should be aware of which tools are validated for this
specific patient population and should use these tools appropriately. [GOR B]

3.1.8 Timing and strategies of surveillance

The importance associated with regular surveillance is to guide, alter, or maintain treatment regi-
mens. Just as patients make follow-up visits for catheter supplies or medication refills, so should these
visits involve regular upper and lower tract imaging. The imaging studies determine the benefits or
harms of current treatment regimes. Routinely scheduled visits for planned surveillance allow the
clinician and the patient to re-evaluate their current treatment and detect new symptoms or clinical
problems. New clinical issues should dictate the need for unplanned further diagnostic testing and
modifications of the established protocol. Thus, any surveillance protocol should be flexible and
tailored to the patient’s clinical evolution over time. Furthermore, the clinician should determine
what works for the patient, as well as the patient’s willingness and ability to follow the treatment
protocol. Regular surveillance allows for real-time visualization of progress in treating a complex
and challenging disease state.

The frequency and type of upper and lower tract imaging in SCI patients should consist of (at a
minimum) a renal ultrasound completed at yearly intervals. In addition, urodynamics should be
performed at baseline after spinal shock, and follow-up studies should be at the discretion of the
clinician. These diagnostic examinations may be performed in conjunction with a yearly urologic
visit that consists of a detailed history and physical, creatinine, and urinalysis measurements by
an experienced clinician trained in the diagnosis and treatment of neurologic voiding dysfunction
patients. It is not simply enough to perform these tests in NGB patients; the clinician must also be
able to interpret, diagnose, and formulate treatment plans based on their results.

3.1.8.1 Recommendations from medical societies

There are several societies that have previously published, with varying degrees of intensity, surveillance
protocol recommendations. These include the following: 1) The International Continence Society (ICS)
states that the following should be performed when evaluating a neurologic injury patient: detailed
history and physical, urinalysis, PVR, blood testing, imaging of the upper tracts, and urodynamics.%
Unfortunately, they do notgivea time frame nor follow-up for these procedures; 2) The American Urological
Association (AUA)/Society of Urodynamics, Female Pelvic Medicine & Urogenital Reconstruction
(SUFU) recommended work-up for NGB patients includes urodynamics in follow-up at “appropriate
intervals;” however, they do not give an example or time frame for these intervals;$* 3) The European
Association of Urology (EAU) guidelines on neurogenic lower urinary tract dysfunction are more
definitive overall, and state that a urologic exam should be done annually in NGB patients; the annual
exam should consist of a history and physical, blood testing such as creatinine, and a urine culture.
Upper tract imaging and PVR should be performed in conjunction with a urinalysis every 6 months.
The EAU guidelines also state that video-urodynamics is the gold standard in lower tract evalua-
tion, and should be performed annually in those neurogenic patients with detrusor overactivity and
decreased compliance;®* 4) The Paralyzed Veterans of America (PVA) state that a urologic evaluation
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should be done yearly in SCI patients; they define this evaluation as consisting of an upper tract study,
a lower tract study, and cystoscopy to define bladder anatomy. While no exact society-wide definition
of appropriate follow-up protocols for NGB patients has been established, many published works detail
that most urologists follow their NGB patients at least every 2 years and, at most, every 3 to 6 months.*

3.1.8.2 Deviation of surveillance protocols

If patients develop complications or experience increased LUTS within these yearly follow-up peri-
ods, it may be necessary to intercede with decreased intervals between surveillance visits. Thus, any
surveillance protocol should be flexible and adapted to the patient’s clinical evolution over time.
This determination should be made by the experienced clinician and tailored to the patient’s history
of compliance to medical recommendations and treatment successes and failures. Surveillance also
allows the physician to determine how well a particular treatment is working. Upper and lower tract
imaging may alert a clinician as to when to change to a more (or less) invasive treatment as the
anatomy and physiology of the lower urinary tract evolve from the initial injury and diagnosis. Some
patients may regain control of volitional voiding, while others may have decompensation of their
bladder control over time. Oftentimes these changes are silent (especially with insensate individuals)
and may only be noted during real-time imaging of the bladder anatomy and function.

Conclusions

1. Patients with NGB secondary to SCI benefit from initial urologic evaluation and subsequent follow-up (including detailed
history, physical examination, labs, and possible urodynamic testing) on a regular basis. [LOE 3]

2. While no exact definition of appropriate follow-up protocols for NGB in SCI patients has been established, many published
works detail that most urologists follow their NGB patients at least every 2 years and, at most, every 3 to 6 months. [LOE 2]

Recommendation

1. Clinicians should regularly evaluate SCI patients with a urologic history, physical exam, and upper tract evaluation. [GOR A]

3.2.1 Urinary tract infection and colonization

Despite advances in care, UTIs continue to be a major reason for morbidity and mortality in SCI
patients. Risk of death attributed to urosepsis is higher in SCI patients compared with the general
population. In SCI patients, the frequency of UTI is approximately 2.5 infections per patient per
year,%* which is also substantially higher than the general population.s¢ Risk factors include urinary
stasis, high bladder pressures, vesicoureteral reflux, bladder stones, and catheter use.8” The bacteria
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implicated in UTIs in SCI patients are different than those in healthy adults. While E. coli remains
the most common cause of UTIs, there is a tendency to find other organisms such as Pseudomonas
(15%), Acinetobacter (15%), Enterococcus (6%), and multiorganismic infections (26%).8¢ SCI patients
are typically exposed to multiple antibiotics for various reasons, resulting in a high prevalence of
antibiotic-resistant bacteria in the urine.

When a UTI is suspected, it is important that the urine specimen be obtained in an appropriate
manner in order to prevent contamination and a potential false positive result.

For patients with indwelling catheters (either urethral catheter or suprapubic tube [SPT]), the indwell-
ing catheter should be changed to a new catheter, and the specimen should be obtained from the new
catheter after capping the catheter for a few minutes to allow a small amount of urine to collect in the
bladder. The urine specimen should then be collected by uncapping the catheter. For patients with
external catheters or who perform IC, the specimen should be collected by catheterization with a new
sterile catheter.

3.2.11 Asymptomatic bacteriuria

Bacteriuria is an extremely common finding in NGB patients, regardless of the method of bladder
management. In the vast majority of these patients, the bacteriuria is not associated with symptoms
(asymptomatic bacteriuria). Treatment of asymptomatic bacteriuria is not beneficial to the patient,
and may result in significant medication side effects.®®

NGB patients with UTIs often present differently than the general population (see section 3.2.1..).
Therefore, it is often prudent to defer antimicrobial therapy until the urine culture results are avail-
able. If the symptoms resolve while waiting for the culture results, this indicates that the symptoms
were likely not caused by a UTI.

Although routine treatment of asymptomatic bacteriuria is not recommended, it is important to treat
bacteriuria prior to urologic procedures in order to prevent the development of a symptomatic UTT or
sepsis. Therefore, antibiotic therapy is recommended for SCI patients prior to cystoscopy procedures
and urodynamic testing, whereas in most patients it is not.*® In addition, standard antibiotic recom-
mendations should be followed for more invasive procedures such as shock-wave lithotripsy (SWL),
ureteroscopy, percutaneous renal surgery, and open or laparoscopic surgical procedures.

3.21.2 Symptomatic UTI

Symptomatic UTT in the SCI patient is defined as urinary culture with 2102 CFU bacteria/mL and
symptoms including, but not limited, to LUTS, urinary incontinence, increased spasticity, autonomic
dysreflexia, pelvic discomfort, fever, and decreased energy level. UTIs in SCI patients are considered
complicated due to the presence of structural and functional urinary tract abnormalities. Therefore,
an extended course (7-14 days) of antibiotics is recommended.®® As noted above, the prevalence of
resistant bacteria is high in SCI patients, and urine cultures should be obtained in all SCI patients
with suspected UTIs in order to guide therapy. Recurrent UTIs are defined as 3 or more UTIs within
12 months.®! In SCI patients with recurrent UTIs, upper urinary tract imaging should be obtained to
evaluate for abnormalities such as urinary tract stones or hydronephrosis. The presence of UTIs in
SCI patients can reflect an underlying functional abnormality of the bladder. Therefore, urodynamic
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testing should be considered, especially in patients with hydronephrosis and those who are voiding
or who are performing IC. Cystoscopy should be performed if significant hematuria is present or if
imaging suggests the presence of a bladder abnormality.

3.21.3 UTI prevention

3.21.3.1 Oral antibiotics

Daily oral antibiotic prophylaxis has been proposed as a method of preventing UTIs in SCI patients.
A meta-analysis of 15 trials found that this therapy reduced asymptomatic bacteriuria but not symp-
tomatic UTIs, and caused an increase in antibiotic resistance.?

3.21.3.2 Intravesical antibiotics

Although commonly utilized, there is very little literature addressing the use of intravesical antimi-
crobials for recurrent bacteriuria or UTIs. One case report described 2 patients with multidrug resis-
tant E. coli who performed IC and remained infection- and bacteria-free for 8 to 9 months of follow-
up.? In 2 RCTs involving SCI patients, daily aminoglycoside instillation (kanamycin with colistin,
neomycin, and polymyxin B) decreased bacteriuria.**?> However Haldorson et al. randomized 108
adults with NGB to instillation of 0.1% of neomycin or no treatment, and no significant difference
was seen in the incidence of bacteriuria.’ In a prospective case series of 10 children with NGB who
performed IC, daily instillation of 28.8 to 57.6 mg of gentamicin successfully reduced bacteriuria,
and all patients had sterile urine after 1 week.”” When a low-dose gentamicin solution was instilled
daily in a different study, it was not effective for preventing bacteriuria or UTIs.%

3.21.3.3 Cranberry

Proanthocyanidin is the active ingredient in cranberry supplements and is thought to block the
adherence of bacteria to uroepithelial cells, particularly E coli. D-mannose is thought to function in
a similar manner. Several small studies have looked at the efficacy of cranberry in preventing UTIs
in SCI patients, and results are mixed. However, the numbers are too small to draw conclusions and
concentrations of proanthocyanidin were not standardized across preparations or studies.”® Hess
et al. looked at 47 patients with SCI, the majority with condom catheter drainage, randomized to
6 months of cranberry extract or placebo followed by the alternate for 6 months. No differences were
seen in bacteriuria, but the rates of UTI and symptoms were lower when the patients were taking
cranberry.!? In a different crossover study by Linsenmeyer et al. there was no difference in bacteri-
uria or UTIs.!! A Cochrane review did not find sufficient evidence to recommend cranberry prepara-
tions in the prevention of UTIs in the general population.!®2 An independent review of the evidence
by the Infectious Disease Society of America (IDSA) concluded that cranberry products should not
be routinely used to reduce catheter-associated bacteriuria or UTIs in patients with NGB managed
with intermittent or indwelling catheterization.!%

3.21.3.4 Methenamine salts

Methenamine salts act through the production of formaldehyde from hexamine, which is a bacte-
riostatic agent. Urinary acidification also occurs, and it is unclear which of these mechanisms is
responsible for the action of methenamine salts.'** A meta-analyses of 7 trials demonstrated that, in
patients without upper tract abnormalities, there is good evidence of benefit for prevention of UTIs.*
However, a double-blind RCT in 305 SCI patients found no benefit in reducing UTIs, regardless of
bladder management approach.”
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3.21.3.5 Other agents

Small studies have demonstrated benefit of bladder inoculations with E. coli HU2117 and 83972
in SCI patients who were able to achieve successful colonization with the probiotic strains.!0%106
However, larger studies are needed to confirm these results. Ascorbic acid irrigations has not been
shown to be efficacious in the prevention of UTI in SCI patients with indwelling catheters.1”

3.2.14 Catheter type and UTI risk

In a randomized multicentre trial comparing the rate of UTIs in IC patients using hydrophilic-coated
and noncoated catheters, there was a delay to time of first symptomatic UTI in the patients who
used hydrophilic-coated catheters, and the incidence of antibiotic-treated symptomatic UTIs was
reduced by 21% (p<0.05%) in the acute phase (within 3 months of SCI). However, with longer follow-
up there was no difference between the groups.!%8 A recent meta-analysis looked at 5 studies compar-
ing hydrophilic-coated to noncoated catheters and concluded that there was a significant decrease in
the incidence of UTIs when using hydrophilic catheters.!® In another randomized crossover trial,
45 patients were randomized to 24 weeks using single-use hydrophilic-coated catheters versus multi-
ple-use polyvinylchloride catheters (washed with soap and water and air dried after every use). No
differences were seen in febrile UTTs or antibiotic use.!?

A recent crossover cohort study in acute stroke patients managed with standard indwelling silicone
catheter or silicone catheter coated with an ultrathin layer of gold, palladium, and silver demon-
strated no benefit to the coating.!"" In a Cochrane review of hospitalized patients with indwelling
catheters, silver alloy was found to reduce the risk of catheter-acquired UTI in the short term.
However, there was not enough evidence to suggest whether any standard catheter was better than
another in patients catheterized for longer than 1 week."'2 In 2013, a Cochrane systematic review
examined catheter policies for the management of long-term voiding problems in adults with NGB
disorders. A total of 400 studies were examined, but none met inclusion criteria.3

3.2.15 Special situations

3.2.1.5.1 External sphincterotomy

Certain male patients with quadriplegia may be managed with an external sphincterotomy (to
reduce detrusor leak point pressure) and condom catheter drainage. If such patients develop UTIs,
assessment of PVR should be obtained to ensure adequate bladder emptying. Urodynamic testing
should also be considered to assess the efficacy of the sphincterotomy. If there is evidence of urethral
obstruction, repeat sphincterotomy may be indicated.

3.2.1.5.2 Urinary diversion

Following supravesical urinary diversion, pyelonephritis may occur. This is typically accompanied
by fever, chills, leukocytosis, nausea, and vomiting. Upper tract imaging should be performed to rule
out urinary obstruction. If obstruction is present, the system should be drained via percutaneous
nephrostomy, and a urine culture should be obtained from the nephrostomy tube. Urine specimens
from the urostomy bag or from the stoma are contaminated by skin flora, and findings from such
specimens should be interpreted accordingly.
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3.21.5.3 Continent catheterizable channel

The majority of patients with augmentation cystoplasty or continent urinary diversion will have
mucus production that can act as a nidus for infection. Irrigation of the bladder or pouch at regular
intervals with normal saline has been show to decrease the incidence of symptomatic UTT.!4

Conclusions

1.

10.

11.

Urinary specimens obtained from drainage bags or urostomy bags are often contaminated. [LOE 4]

. Bacteriuria is an extremely common finding in patients with SCl and is not associated with symptoms (asymptomatic bacteriuria)

in the vast majority of these patients. [LOE 3]

. The bacteria infecting the urinary tract in patients with SCI may vary from those infecting able-bodied patients. [LOE 2]

Antibiotic resistance is commonly noted in the bacteria infecting patients with SCI. [LOE 3]

Recurrent UTI in an SCI patient may be a sign of an anatomical or functional abnormality. [LOE 2]

Cranberry does not prevent bacteriuria or UTIs in SCI patients. [LOE 2]

Methenamine salts do not prevent UTIs in SCI patients. [LOE 2]

Intravesical antibiotic instillation may reduce bacteriuria, but does not reduce the incidence of UTI in SCI patients on IC. [LOE 2]

Long-term IC using a hydrophilic coating does not prevent bacteriuria or UTls. [LOE 2]

The use of antimicrobial-coated catheters does not reduce UTI risk in SCI patients managed with indwelling catheters. [LOE 3]

Regular irrigation with normal saline (or even tap water) in patients with continent urinary reconstruction or diversion may
prevent recurrent UTIs. [LOE 4]
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Recommendations

. Clinicians should change to a new catheter when obtaining a urine specimen in patients with indwelling catheters. One can

then obtain the urine specimen after capping the new catheter for a few minutes to allow a small amount of urine to collect in
the bladder. [GOR B]

Clinicians should obtain urine specimens by catheterization with a sterile catheter for patients who manage their lower urinary
tract with external catheters or IC. [GOR B]

Clinicians should not obtain urine specimens from urostomy bags, in patients with a urostomy, due to the risk of skin
contamination. [GOR B]

Clinicians should not treat asymptomatic bacteriuria in SCI patients, except prior to urologic procedures. [GOR B]

Clinicians should base antibiotic therapy on urine culture results, even in SCI patients with recurrent infections. [GOR A]

Clinicians should evaluate patients with recurrent UTIs (=3/year) with urinary tract imaging and UDSs. [GOR B]

Clinicians should not use daily antibiotic prophylaxis for preventing UTls in SCI patients. [GOR A]

Clinicians should not routinely use cranberry, methenamine salts, or intravesical antibiotics to prevent bacteriuria or UTI in SCI
patients. [GOR C]

Clinicians should not use hydrophilic-coated catheters to prevent bacteriuria or UTls for patient who manage their lower urinary
tract with IC. [GOR B]

. Clinicians should not use antimicrobial-coated indwelling catheters to prevent UTI. [GOR B]

. Clinicians may recommend regular irrigation with normal saline or tap water in patients with continent urinary reconstruction

or diversion to prevent recurrent UTI. [GOR C]
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3.2.2 Renal stones

Renal stone disease is an important source of urologic morbidity among SCI patients. Due to
impaired autonomic sensation, particularly in those with SCI lesions above T6, classic symptoms of
renal colic may be absent, making the diagnosis more challenging. Atypical symptoms such as gener-
alized abdominal pain, frequent urinary infections, or autonomic dysreflexia may be the presentation
of renal colic in this patient population. In addition, the presentation of renal stone disease is more
frequently associated with infection or potentially serious obstructive urosepsis and has a high rate
of serious complications, as demonstrated by the higher than expected need for poststone procedure
intensive care unit admission.!’>-"” Furthermore, there is a risk of chronic renal dysfunction'®° and
mortality!'7120 associated with the presentation and treatment of renal stones among SCI patients.

3.2.21 Epidemiology

Renal stone disease occurs at a higher rate among patients with SCI compared to the general popula-
tion. Rates 7 to 8 times higher than the general population have been reported,'?! and the risk of renal
stone disease increases over time after the SCI.122 Review articles that have synthesized the available
evidence have estimated the proportion of SCI patients that develop renal stone disease is approxi-
mately 7% to 20% over a 10-year time period.'?*125 Prior research examining the rate of stone disease
over time did not demonstrate a significant change in the number of renal stones diagnosed in SCI
patients between 1973 and 1999;'2! however, additional large-scale studies are necessary to evaluate
the incidence and prevalence in more contemporary time periods. Patients have the highest risk of
developing renal stone disease during the initial 3 to 6 months after an SCI, likely due to hypercalci-
uria as a result of calcium mobilization from the bones of the lower limbs.!21-126

3.2.2.2 Risk factors

Several intuitive risk factors for renal stone disease are associated with SCI. First, UTI and chronic
bacteriuria (particularly with urea-splitting organisms such as Proteus, Pseudomonas, Klebsiella,
E. coli, and some Staphylococcus species) have a well-established relationship with renal stone disease
in SCI patients. There is a preponderance of struvite and calcium phosphate stones in SCI patients,
and a higher than expected association between stone disease and positive urine cultures or postop-
erative urosepsis.'?’-12 However, the role of UTI in the etiology of renal stone disease may be changing
among SCI patients, as metabolic-based stones seem to be more common in recent years.*® Second,
metabolic changes relevant to renal stone disease are present in SCI patients. Historical studies have
demonstrated that SCI patients often have hypercalciuria and hypocitraturia; however, there are
not consistent differences between SCI patients with versus without a history of stone disease.!3!-134
Third, reduced urine output may be a result of a conscious fluid restriction to reduce IC frequency
or urinary incontinence, or due to autonomic alterations in perspiration.!’$ Fourth, a history of renal
stone disease prior to the SCI is a potent risk factor for renal stone disease after SCI.'"* Fifth, residing
in the “geographic stone belt” (similar to the general population) is also a risk factor for renal stone
disease among SCI patients, likely as a result of warmer temperatures and increased sun exposure.!3
Other potential risk factors for renal stone formation include complete cervical SCI, vesicoureteral
reflux, and indwelling catheter usage. However, these risk factors have data with conflicting conclu-
sions about their impact on renal stone formation, and analysis of their independent effects is not
possible due to inadequate adjustment of confounding factors.!23-12>
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3.2.2.3 Treatment

Like in the general population, in SCI patients, treatment of renal stone disease is now almost exclu-
sively endourologic, and options such as conservative/medical management, SWL, ureteroscopy, and
percutaneous nephrolithotomy (PNL) are all valid options. There are currently no comparative stud-
ies in the SCI population that assess safety, stone-free rates, or long-term outcomes among these
treatment options. As in non-SCI patients, interventions for renal stone disease should be based on
the patient’s clinical condition, stone characteristics, stone location, and the physician’s endourol-
ogy experience and comfort level. Special considerations in the treatment of SCI patients include
preoperative identification and treatment of bacteriuria, consideration of body habitus and any posi-
tioning limitations as a result of leg contractures or spinal curvature, thoracic spinal implants that
may compromise fluoroscopic imaging, prior lower urinary tract reconstruction that may hinder
retrograde endoscopic access, and the need for flexible instruments during PNL in a kidney scarred
in place due to multiple prior percutaneous procedures.

A conservative approach to the management of renal colic (with or without medical expulsive therapy)
is an acceptable option in the general population, and endorsed by numerous urologic societies, such
as the AUA and EAU.*6137 However, there is little research examining the safety or effectiveness of
conservative management or medical expulsive therapy in SCI patients. One case series reported that
a large proportion of SCI patients were successfully managed with conservation measures, although
the details associated with this were not reported.13

SWL is the least invasive intervention for renal stone disease. The literature reporting the results of
SWL in SCI patients is limited to small heterogeneous case series from the 1980s and 1990s. Stone-
free rates were reported at between 44% and 73%.!17139-146 These stone-free rates are lower than in
the general population; however, this comparison is challenging, given the large stone burdens that
were treated with SWL in SCI patients. Other factors that may reduce stone-free rates are impaired
ureteral peristalsis due to chronic infection and the lack of post-SWL mobility. Specific potential
considerations for SCI patients include a higher likelihood of ureteral stents or percutaneous drain-
age!“l144 at the time of (or prior to) SWL due to urinary infection, reduced anesthetic requirements for
many patients,'” and the potential need to treat small retained stone fragments that may be clinically
relevant in SCI patients.!43

The use of ureteroscopy in SCI patients was traditionally limited due to the inability to position
patients for rigid ureteroscopy. However, with the advent of flexible ureteroscopy, this limitation has
been significantly reduced and it is now a commonly used treatment modality.'* In a matched cohort
study, patients with NGB (including SCI patients) undergoing ureteroscopy had a longer operative
procedure, a high rate of complications (including death), and a lower stone clearance rate.!¥” Similar
results were seen in 2 small case series of SCI patients treated with flexible ureteroscopy, with a
higher than expected proportion of serious complications (including death), and a lower proportion
of patients being rendered stone free after a single procedure.!4814

PNL is a more invasive treatment option; however, it is the preferred procedure for large stones
(>2 cm). The literature reporting on the results of PNL in SCI patients is also limited to small, hetero-
geneous case series. While eventual stone-free rates are acceptable (80%-90%), most series require
multiple procedures, higher risk (supracostal approach), or multiple renal punctures.20.150-15¢ These
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series report that the risk of serious complications (including death) associated with PNL in SCI
patients is approximately 6% to 20% (and in one series was determined to be 3-fold higher than in
non-SCI patients'*!). In general, there seems to be a higher risk of blood transfusion, perirenal abscess,
urosepsis, and intensive care admission than would be expected in the non-SCI PNL population.

Conclusions

1. SCl patients are at an increased risk of renal stone disease. [LOE 2]

2. Risk factors for renal stone disease among SCI patients include UTI, metabolic changes, reduced urine output, prior history of
renal stone disease, and environmental conditions. [LOE 3]

3. SCl patients treated with SWL, ureteroscopy, or PNL generally have lower post-procedure stone-free rates, and higher risk of
serious procedural and infectious complications compared with non-SCl patients. [LOE 3]

Recommendations

1. Clinicians may consider a metabolic evaluation for SCI patients with a history of significant renal stone disease; measures to
reduce bacteriuria and increase fluid intake should be considered. [GOR C]

2. Antibiotic prophylaxis (guided by preoperative urine culture results) must be administered prior to interventions for urinary
stone disease in SCI patients. [GOR A]

3. Elective stone treatment in SCI patients should involve the least invasive modality with the highest likelihood of success;
informed consent should include a discussion of the increased perioperative risks associated with renal stone treatment in SCI
patients. [GOR C]

3.2.3 Bladder stones

3.2.31 Epidemiology

The overall incidence of bladder calculi in patients with SCI has been variable, with rates ranging
from 3.3% to 29%.15515¢ A longitudinal cohort study by Chen et al. has shown a decreasing incidence
of bladder calculi over time, with a 29% incidence in 1973, decreasing to 8% by 1996.1¢ This study
also demonstrated that the highest incidence in stone formation was seen in white patients who were
injured at a younger age, as well as those with a complete SCI. The time to stone formation is also
reportedly variable. Hansen et al. report that the greatest risk of stone formation is in the first year
after injury, with rates as high as 14% in this time period.!s” Other studies have shown a longer time
period to stone formation, with the mean time to first stone formation of 95 months.!*> Once a patient
develops their first stone, recurrence rates are high, with 16% to 23% of patients developing more
stones in the future.!5515
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The incidence of stone formation has been shown to be variable based on type of bladder manage-
ment. The highest-risk patients are those managed with an indwelling catheter (i.e. urethral or SPT),
with as high as a 9-fold increase in stone formation in these patients compared with continent patients
who are catheter free.!’¢ The rates of stone formation with a urethral catheter have been reported to
be 4% to 6.6%,155158 compared with an SPT, which have been reported at between 4% and 25%.158.15°
Patients who perform IC have an overall risk of stone formation of approximately 2%, or an annual
risk of 0.2%.155158 Patients who use condom catheters or reflex void are also at risk of stone formation,
albeit at a lower risk than those who have indwelling catheters or do clean intermittent catheteriza-
tion (CIC), with rates as low as 1.1%.155

3.2.3.2 Risk factors

The risk factors for bladder stone formation in SCI patients are well known. As already described, the
risk of stone formation increases significantly in patients with indwelling catheters. Catheter encrus-
tation has been shown to have a positive correlation with bladder stone formation, with up to 85%
of patients with encrustation found to have bladder stones on cystoscopy.'® Indwelling catheters can
also lead to bacterial colonization of the urinary tract. Colonization with urea-splitting organisms
such as Proteus, Pseudomonas, and Klebsiella also leads to stone formation. SCI patients have been
shown to trend toward alkalotic urine and hypocitraturia even without colonization with bacterial
colonization, putting them at higher risk of stones.!¢!

SCI patients are also at higher risk of stone formation due to immobility, particularly in the first 3 to 6
months after injury when they are the least mobile. Immobility can lead to demineralization of bone
and subsequent hypercalciuria.'é?

Urinary stasis also leads to stone formation, despite the best attempts at complete bladder empty-
ing. Patients with prior history of bladder outlet obstruction or those who develop obstruction as
a result of their injury are at risk to develop bladder diverticuli. Stone formation can occur in these
diverticuli. Patients who undergo outlet resistance procedures to improve continence are also at
risk for stone formation, as stones can often lead to incomplete emptying and urinary stasis. This
is demonstrated by the pediatric and adult populations of patients with bladder augmentation.!63164
Augmentation patients also develop mucus from the bowel segment of the augmentation, leading to
stones. Furthermore, patients with history of continent cutaneous diversion are at even higher risk of
bladder calculi, with rates of intervention as high as 25%.164

3.2.3.3 Consequences

The consequences of bladder stone formation are similar to upper tract calculi. If stones are colo-
nized by bacteria, the patients are at risk of developing symptomatic UTIs or sepsis from a UTI. SCI
patients are at particularly high risk of developing sepsis because they do not always present with
typical symptoms of UTI and treatment is more often delayed.

The other major consequence of developing bladder calculi is the need for recurrent procedures to
attempt to rid the patient of his or her stone burden. With high recurrence rates, these patients often
undergo multiple procedures during their lifetime to manage stones.
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3.234 Treatment

Treatment of bladder calculi in patients with SCI is the same as in the general population. Options
include endoscopic, percutaneous, or open approaches. As the stone size and burden increase, the
tendency toward a percutaneous or open approach increases, but this is ultimately surgeon dependent.
The goal of treatment is to remove all stone fragments. This is particularly important for patients with
very limited mobility and those with bladder augmentations, as they are at very high risk of forming
recurrent stones if fragments are left in the bladder.

Patients are often colonized with bacteria, so it important to obtain a urine culture prior to any
treatment to ensure appropriate antibiotic coverage. Antibiotic prophylaxis in this population is not
appropriate, as it promotes bacterial resistance.

It is important to consider the etiology of stone formation in the long-term management of stones.
Patients with bladder outlet obstruction from prostatic enlargement, detrusor sphincter dyssynergia,
or urethral strictures may benefit from treatment of the obstruction to allow for improved bladder
emptying. This could result in a change to the overall bladder management, so it is imperative to
discuss the expected outcome of a procedure to treat outlet obstruction with the patient.

Prevention of stone formation is key to decreasing recurrent stones. In the pediatric augmentation
population, Kronner et al. described the importance of adequate oral fluid intake, timely IC, bladder
irrigation, and eradication of urea-splitting bacteria.'> These techniques have been implemented over
the past 40 years and have played a key role in the overall decreased incidence of bladder stones in
SCI patients.

Conclusions

1. Patients at highest risk of bladder stone formation are those with indwelling catheters. [LOE 3]

2. Other risk factors for bladder stone formation include urinary tract colonization with urea-splitting organisms, immobility,
bladder augmentation, urinary stasis, or incomplete emptying. [LOE 3]

3. Treatment of bladder stones can be performed with an endoscopic, percutaneous, or open approach. [LOE 3]

4. Treatment of bacteria at the time of a procedure is important, but antibiotic prophylaxis should be avoided. [LOE 3]

5. Prevention of stone formation by various techniques, including increasing physical activity, ensuring adequate oral fluid intake,
timely IC, bladder irrigation, complete bladder emptying, and eradication of urea-splitting bacteria, can decrease recurrence of
stone formation. [LOE 3]
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Recommendations

1. Clinicians must remove bladder stones (using an endoscopic, percutaneous, or open approach) in patients with SCI. [GOR A]

2. Clinicians should treat bacteriuria prior to intervention for bladder stones. [GOR B]

3. Clinicians may consider treating the outlet in patients with bladder stones and bladder outlet obstruction. [GOR C]

4. Clinicians should encourage techniques to prevent stone formation in SCI patients, including increasing physical activity and
ensuring adequate oral fluid intake, timely IC, bladder irrigation, complete bladder emptying, and eradication of urea-splitting
bacteria to decrease recurrence of stone formation. [GOR B]

3.2.4 Urethral trauma

3.2.4.1 Incidence, etiology, and risk factors
Urethral complications are recognized in patients post-SCI. A number of papers have looked at the
incidence of urethral complications in specific subsets of patients post-SCIL.

A radiology paper reported on urethral findings in 200 men with SCL.¢> The report does not state
why the men underwent urethrography. It reported 16 urethral diverticula, 5 strictures and 1 false
passage. The diverticula were said to occur at the penoscrotal junction most commonly followed by
the membranous urethra and rarely at the fossa navicularis. The penoscrotal junction is particularly
susceptible in patients with an indwelling catheter that is improperly worn. Similarly, another paper
reviewed video-urodynamics and urethrography studies over 1 year and reported urethral diver-
ticula in 4.2% to 9.8% of patients depending on the appearance of the diverticulum, as assessed by 3
independent physicians.!6¢

A study consisting of 1,418 video-urodynamic studies in SCI men revealed a 25% prevalence of
urethral strictures in men who performed CIC compared with 14% in men who used other methods
of bladder emptying.!” The median time to stricture was reported at 5.9 years. Interestingly, only 1
in 3 strictures underwent urethrotomy; stricture recurrence posturethrotomy was 100%. In general,
radiological studies suggest a risk of urethral trauma in SCI patients of about 20%, depending on how
patients were selected for the investigations and the time from injury.

Risk factors for urethral diverticula were assessed in 55 patients with SCI.16¢ The risk factors for diver-
ticula in the bulbomembranous urethra were found to be the prior sphincterotomy, use of condom
catheter drainage, history of UTI, and detrusor external sphincter dyssynergia; the only risk factor
noted for diverticula at anterior urethra was CIC.
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A retrospective case series reviewed complications in 142 men with SCI who managed their lower
urinary tract with and without indwelling catheters. The following complications were noted in the
56 men with indwelling catheters: 5 fistulae, 12 erosions, 13 strictures, and 5 periurethral abscesses.
Of the 86 noncatheterized men, the following complications were noted: 10 fistulae, 6 erosions, and
4 strictures. This result would suggest that catheter-related complications such as erosions and stric-
tures are more prevalent in men with indwelling catheters.!'®® The other risk of long-term indwell-
ing catheters in men is formation of a hypospadias (Figure 3-1). In another study of 123 patients,
12 developed urethral strictures after a mean 8 years of follow-up.””® Two strictures occurred in
5 patients (40%) with an indwelling catheter and in 8 patients out of 79 patients (10%) performing IC.
From 400 cases of indwelling catheters, 2 strictures were found. In addition, 4 abscesses were noted
that subsequently ruptured and developed into urethral diverticula.!”*

FIGURE 3-1

Example of a male patient
with SCI with a urethral
indwelling catheter for many
years who has spatulated

the entire shaft of the penis
with pressure from the
catheter. He was successfully
managed with a suprapubic
catheter.

Photo courtesy of Anne P.
Cameron, MD.

The primary issues that can be seen in women with indwelling urethral catheters include leakage
of urine around the catheter (either from urethra erosion or detrusor overactivity) and urethral
erosion, which can be significant enough that a catheter is unable to be maintained in the bladder. A
prior review of long-term indwelling catheters in women with NGB noted urinary leakage around
the catheter in 92% of women.”7? The time between catheter insertion and leaking due to urethral
erosion can be between 6 months and 30 years.'” The incidence of urethral trauma with an indwell-
ing urethral catheter is variable and will depend on the length of time with the catheter, frequency
of catheter change (it should be changed every 4-6 weeks), catheter size (sizes 14-16 Fr are gener-
ally recommended with a 10-cc balloon), and how well the patient cares for the catheter, as it will
intermittently pull against the bladder neck. Larger catheters increase the risk of urethral erosion or
discomfort and are not effective at (initially) decreasing pericatheter leakage, which is almost always
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due to detrusor overactivity (unless this evolves to a state of urethral erosion). In addition, increasing
balloon size when catheters are spontaneously expelled is not advised, as this can result in urethral
erosion and the catheterization method needs to be changed, not simply upsized.

Urethral erosion occurs due to prolonged urethral catheterization. This can result in an incompetent,
patulous urethra in women (Figure 3-2). Careful assessment needs to be made of the urethral damage
in women, as often the bladder neck and urethra are destroyed and, if the damage is severe enough,
1 or 2 fingers can be directly inserted into the bladder. In addition, there is sometimes no tissue
between the finger and inferior pubic ramus, which can impact decisions regarding management.

FIGURE 3-2

Example of two female SCI
patients where catheter
upsizing and balloon
over-inflation were used

to manage incontinence
around a catheter, resulting
in profound urethral erosion
with palpable pubic bone via
the urethra in both cases.

Black arrows indicate
the urethra.

Photos courtesy of Anne P.
Cameron, MD.

CIC is an established method of bladder emptying in SCI. The risk of creating a false passage in the
urethra is not reported in the literature, as some false passages will remain undetected and eventu-
ally form a stricture or diverticulum. In a series of 9 patients with a false passage in the urethra, all
patients were stented either after transurethral incision, fulguration, or stenting alone. All had a cath-
eter left in situ for 2 to 3 weeks postoperatively. Two of these strictures recurred and these patients
ultimately required urinary diversion.!*

The risk of urethral stricture in patients who empty their bladder with urethral IC is reported to be
less than 3.2% in some studies.'”>!7¢ In the study by Asfar et al., 164 patients performing CIC were
followed up for a mean of 84 months, and only 1 patient developed a urethral stricture. Other papers
on long-term IC, however, report a higher stricture rate of approximately 10% to 20%.77-17° With the
long-term rate of urethral stricture being higher, methods to reduce this risk by changing catheter
design have been attempted.

An RCT found no significant difference in stricture rate or hematuria with the use of a hydrophilic-
coated catheter versus a polyvinyl chloride (PVC) catheter, but the trial unfortunately had a high
drop-out rate and so was inconclusive.!® In another study of 30 patients with the use of low friction
hydrophilic catheters, 4 (13%) strictures were noted at a median of 7 years of follow-up.!s! A prospec-
tive crossover study of 18 patients comparing a nelaton catheter with a prelubricated nonhydrophilic
catheter found lower urethral cell count on the surface of the nonhydrophilic catheter, suggesting that
this catheter causes less trauma.!82 Another report of 14 patients who crossed over from a LoFric®
catheter (Astra Tech AB, Moélndal, Sweden) to an EasiCath® (Coloplast A/S, Espergeerde, Denmark)
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had a dynamometer study that showed less friction with the former.!$3 It is entirely reasonable that a
low friction catheter would cause less urethral trauma, but it is unlikely that one size fits all patients,
and causes of false passages may also be related to individual anatomy and flexibility of the catheter.

In developing countries, as well as in some first-world countries, patients may not be able to afford
multiple IC catheters; thus, many reuse catheters. A study showed that reusable silicone catheters did
not lead to increased urethral complications in 23 men, but did lead to increased UTL.'$* The average
length of use of a single catheter was 3 years. Therefore, the use of reusable silicone catheters could be
an economical method of bladder management when resources are limited.

There are no RCTs comparing the outcomes of indwelling urethral catheter with other forms of
bladder management in patients with SCI specifically.!’* A recent meta-analysis noted the follow-
ing complications to be more commonly found with indwelling urethral catheters compared with
other forms of bladder management:'®> urethral erosion (catheter-induced hypospadias),'s¢ urethro-
cutaneous fistula, epididymitis, and periurethral abscess.!s” Catheter blockages and encrustation are
common.'$818 Multiple reports indicate that the rates of complications are higher in patients with
indwelling urethral catheters compared with CIC.187:190.11

Several methods to minimize the risks associated with indwelling urethral catheters have been
suggested. In addition to good hygiene and care of equipment, increased fluid intake (>2 L/day) is
recommended to decrease catheter blockage.!®8 Silicone catheters are recommended over latex cath-
eters.’?> Anticholinergic medication may be beneficial to help protect the upper urinary tracts.!®* Use
of an anchoring device (e.g. StatLock device) may be helpful to decrease the risk of UTI and urethral
erosion.!86194 Weekly catheter changes have been suggested to decrease infections,!s but this is often
not feasible from a practical perspective. The benefit of catheter irrigation is unknown. Daily prophy-
lactic antibiotics are not recommended for routine use in patients with indwelling urethral catheters.
Despite these efforts, indwelling urethral catheters are associated with a high rate of genitourinary
complications, and routine surveillance is recommended.!?6-19

3.2.4.2 Investigation and management

The investigation and management of urethral complications has been described by a number of
case series and reports. There are no randomized trials in this area. The reports describe the surgical
outcomes of managing urethral trauma for specific conditions such as diverticula, erosions, fistulae,
and false passages, or surgeons have reported combined outcomes of urethral surgery for all the types
together to provide a larger data set.

With regard to urethral diverticula, most case series describe the use of cystoscopy to diagnose the
condition. For diverticula in the posterior urethra, appreciation of the surrounding anatomy would
also be considered useful, and some form of cross-sectional imaging would be advised. In a study
of 8 patients with diverticula, ultrasound was used during intraurethral injection of saline, and all
diverticula were defined morphologically on ultrasound.'*® Ultrasound is not a substitute for endos-
copy or for CT/magnetic resonance imaging (MRI), but can be used if there is a contraindication to
CT/MRL
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The original description of urethral diverticulum repair was by Monseur.2 Little has changed since,
and a case series of 48 patients where 90% were bulbar and 10% penile reported no diverticular recur-
rences, although strictures occurred in 3 patients. Ten patients with previous fistulae also recurred,
but half of these resolved with catheterization for 4 to 5 weeks.20! Another smaller case series of
4 patients with urethral diverticula advocated 1-stage repair with suprapubic diversion and reported
no failures.20?

False passages commonly occur due to catheterization in the SCI population. The false passage
is easily diagnosed with cystoscopy. Management of the false passage in the first instance should
involve catheterization with a 14- to 16-Fr catheter for 3 to 6 weeks. In one study, this was performed
for 3 to 6 weeks, with 5 days of antibiotics in 6 patients. All false passages disappeared, and there
were no recurrences at a mean 10 months of follow-up.2* Another study reported on 8 patients with
a urethral false passage treated with a 12-Fr catheter inserted under endoscopic control.24 If a patient
refuses a catheter, then a stent may be inserted instead. In 5 male patients who refused indwelling
catheter for false passage due to interference with sexual intercourse, nitinol stents were inserted for
3 to 6 months, allowing the false passages to heal.2%5 If the false passage track has matured and fails
to heal, then an urethroplasty may be indicated.

A report of 14 women with a patulous urethra reported good success in all at 6 to 60 months follow-
up with pubovaginal sling repair, and all women were able to catheterize through the urethra.206 A
sufficient amount of urethral length is necessary (at least 1 cm), or a sling should not be considered.20¢
When the urethra will not sustain a sling, urethral closure may be undertaken either abdominally
or transvaginally, or via a combined approach. Six women who underwent transvaginal closure were
reported to be dry at 6 years of follow-up.2”” Also, another report of 11 women operated on via a
transvaginal approach reported on 1 failure at 6 weeks.208 However, another series reported only 40%
success from 5 transvaginal closures, but 100% success from 10 combined abdominal and trans-
vaginal closures.2?® Another series stated that the retropubic approach to bladder neck closure in 26
patients had no complications compared with the transvaginal approach undertaken in 2 women.2!
Similarly, in another study, 4 patients who underwent transabdominal urethral closure were dry,
whereas 4 of 8 patients who underwent urethral closure transvaginally developed urethral fistulae.'”?
The benefits of transvaginal closure include the reduced morbidity of the less invasive procedure, but
this method is unlikely to be suitable for all patients. Currently, there is insufficient evidence to say
when to use either approach.

For catheter-induced erosion causing hypospadias deformity in men, urethroplasty is often under-
taken. A report of 11 men who had urethroplasty with a median length of erosion of 6 cm reported
a success of 64%.2!! All 4 recurrences occurred within the first month. In men with significant loss of
urethral tissue, transperineal closure of the membranous urethra may be undertaken along with a form
of urinary diversion. In one study of 8 men and 4 women, urethral closure was achieved in all men and
3 women.?'2 Some patients, however, required multiple procedures to gain continence control.
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Fistulae in the SCI population may be complex. Where possible, cross-sectional imaging such as MRI
maybe useful in determining the anatomy of the fistula.2! A fistula may occur due to urethral obstruc-
tion, catheterization, infection from poor bladder management, and pressure ulcers. The underlying
problem needs to be managed just as carefully as the fistula. Occasionally, a fistula may heal if the
underlying problem is initially addressed.2'* However, surgical intervention focused on the urethra is
often required and, if the underlying problem (and urethral injury) is severe enough, urinary diver-
sion may be necessary. For an infected fistula, abscess drainage and treatment of any osteomyelitis is
necessary. In patients with prior sphincterotomy, a urinary diversion is a good option.2!>

In a report of 21 patents with urinary-cutaneous fistulae, 7 fistulae were due to decubitus ulcers,
5 to wound infections, 4 to condom catheter complications, 4 to traumatic catheterizations, and 1
to pelvic trauma. Thirteen of 21 patients underwent fistula repair, with 7 eventually requiring an
ileal conduit or suprapubic catheter.2!6 In a similar report of urethral reconstruction performed in
17 patients (among them 6 urethral strictures, 4 erosions, 3 fistulae, and 1 diverticula), 11 patients
eventually required urinary diversion.2'” Only 4 of the 17 patients had a patent urethra at 3.7 years of
follow-up. In severe cases of decubitus pressure ulceration, both fecal and urinary diversion may be
required.?'8

Another small case series reported 4 patients with urethral stricture, fistula, or diverticula who had
urethral reconstruction successfully with an adapted Monseur’s technique.?’® A prospective data-
base of 23 patients consisting of 10 erosions, 7 strictures, 3 diverticula, 2 urethrocutaneous fistula,
and 1 combined diverticulum and stricture were treated surgically.?20 Successful reconstruction was
possible in 60% of the erosions, 86% of the strictures, and 67% of diverticula and fistulas. Patients
with severe urethral erosion associated with deficiency or deterioration of the penile skin are likely
not candidates for urethroplasty with penile or preputial skin flaps. In such patients, a urinary diver-
sion may be warranted.

Management of urethral stricture in men performing regular CIC is a challenge. Prior to consider-
ing any intervention, the urethral stricture should be adequately assessed with urethrocystoscopy,
urethrography, voiding cystourethrography, and/or ultrasound of the urethra.??! Urethrotomy is
often the initial therapy; however, long-term success is not optimal, and further intervention is often
required.'®”222 Part of the challenge is the definition of success. A urethra may not be patent on radio-
graphic evaluation, but may be open enough to allow for regular CIC. In one study of 105 men
undergoing internal urethrotomy for urethral stricture, 8 patients still had radiographic evidence
of a urethra stricture but were able to perform CIC without an issue.'”” However, the risk of repeti-
tive urethral microtrauma due to CIC raises the risk of recurrent stricture in this patient popula-
tion.22? For those patients with recurrent stricture, disease options would include repeat urethrotomy,
urethral reconstruction, and urinary diversion.
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Conclusions

. Urethral complications occur in approximately 20% of SCI patients over the long term. [LOE 3]

2. Intermittent catheterisation is associated with urethral strictures, diverticula, and false passages. [LOE 3]

3. Indwelling urethral catheterization is associated with a high rate of urethral complications, including urethral stricture, erosion,
fistula, and periurethral abscess. [LOE 3]

4. Urethral damage in the female SCI patient may occur as early as 6 months with an indwelling urethral catheter. [LOE 3]

5. Reusable catheters do not increase the risk of urethral trauma compared with single-use catheters. [LOE 3]

6. There is insufficient evidence for whether a transvaginal, abdominal, or combined approach is better for urethral closure of an
eroded female urethra. [LOE 3]

7. Surgery to correct urethral complications carries a higher risk of failure in the SCI population than in the non-SCI population.
[LOE 3]

8. Urinary diversion is sometimes needed to deal with urethral complications in SCI patients. [LOE 3]
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Recommendations

1. Clinicians should encourage women with SCI to limit indwelling urethral catheter use to less than 6 months in order to avoid the
risk of urethral atrophy and erosion. [GOR B]

2. Clinicians should consider treating female urethral erosion with an autologous pubovaginal sling, if sufficient urethral tissue is
present. [GOR B]

3. Clinicians should consider bladder neck closure to treat the destroyed female urethra. [GOR B]

4. Clinicians may consider a period of catheterization for the initial management of a male urethral false passage. [GOR B]

5. Urologists may consider initial management of male urethral stricture with dilation or urethrotomy. [GOR B]

6. Urologists may consider repeat dilation, urethrotomy, urethroplasty, and lower urinary tract reconstruction as options for male
SCI patients with recurrent urethral stricture disease. [GOR C]

7. Urologists should avoid ventral graft urethroplasty in male SCI patients due to concerns about urethral diverticulum and
difficulty performing IC. [GOR C]
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A literature review was performed using PubMed to collect relevant publications for each individual
section in this chapter. The search was limited to human data and patients with spinal cord injury,
unless data was only available for other similar neurological conditions. All publications including
original research, systematic reviews, meta-analyses, review articles, and case reports were included.
Only articles published in English were included, and when multiple articles discussed a similar
condition or question, the most relevant or highest evidence was referenced.

After spinal cord injury (SCI), patients suffer from several disabilities and are almost universally
affected by neurogenic bladder. Before the advent of modern urologic care, those who survived their
initial injury died of urologic complications of renal failure or urosepsis.! Thankfully, with the intro-
duction of proper catheter drainage and antibiotics, survival changed dramatically, and urologic
causes have fallen from the most common cause of death to the fifth.2? Now that patients are surviv-
ing to near-normal life expectancy, quality of life (QOL) and social participation of the patient have
become some of the urologist’s biggest roles in the management of these patients. Clearly, a top-down
approach of management first involves preserving renal function; but with the rarity of renal failure
in this population, the new priorities have become continence and a feasible bladder management
plan that allows patients to leave the house and participate in society independently. With the advent
of advanced catheter technology, modern medical therapy and botulinum toxin (BoNT) working
together to preserve the upper tract, continence and independence are now feasible for more patients.

4.2 Introduction

Despite little high-quality data to examine all methods of bladder drainage in patients with SCL,*>
intermittent urethral catheterization (IC) is generally recommended as the preferable method of
bladder drainage in patients with SCI.®7 Intermittent urethral catheterization has also been found to
be the preferred method of management for SCI patients from a urologist’s perspective.® Although
no large, high-quality, randomized controlled trials (RCTs) exist to examine which bladder drainage
mechanism is best,® several studies report higher rates of complications with an indwelling catheter
compared with IC, including higher rates of stones, urinary tract infections (UTIs), urinary tract
fistulae, strictures, and cancer.*!2
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There is, however, difficulty in determining exactly what bladder management is being performed
in SCI patients around the globe. A recent Turkish study reported the types of bladder management
techniques in 337 SCI patients who had had their injury for a minimum of 2 years. The authors found
that IC was used in 77.9% of patients while only 3.8% had indwelling catheters, 13.8% voided sponta-
neously, 2.9% used voiding manoeuvres, 1.3% wore diapers, and only 0.6% used condom drainage.'?
Although the use of IC has been increasing over time, in the United States Spinal Cord Injury Model
System registry, from 12.6% in 1972 to 56.2% in 1991, only 20% of those discharged from hospital on
IC will continue this method of bladder drainage in the long term. The use of indwelling catheteriza-
tion has fluctuated over time, from 33.1% in 1972 down to 16.5% in 1991 and back up to 23.1% in 2001.
In this same group, 70% of patients discharged from hospital with an indwelling catheter remained
on this form of management in the long term.

Weld et al. reviewed 316 patients (313 men) in the American Veteran population followed for 18.3
+ 12.4 years. They found that 92 (29%) patients performed IC, 114 (36%) had an indwelling urethral
catheter (IUC), 74 (23%) voided spontaneously, and 36 (11%) had an indwelling suprapubic tube
(SPT). Most patients changed their method of bladder drainage at least once during the follow-up
period. Most commonly, quadriplegic patients changed from IC to indwelling catheter due to incon-
tinence and lack of independence.!!

Unfortunately, IC is not possible in all patients with SCI. In a recent Turkish survey study of patients
with SCI, Yilmaz et al. found that 26% of patients reported being unable to perform IC. Reasons
included insufficient hand function, inability to position properly, and spasticity.’*> Similarly, Zlatev
et al. reported that 23.3% of patients with SCI were unable to complete IC based on a retrospective
analysis of upper extremity function in more than 4,000 SCI patients in the United States.!s Yavuzer
et al. in Turkey assessed compliance with the initial bladder drainage method and found that 52% of
patients discharged with IC reverted to an indwelling catheter by an average of 24 months following
discharge. Reasons for not maintaining IC included dependence on caregivers, spasticity, inconti-
nence between catheterizations, and lack of external collection devices for women.!”

In developing countries, however, access to IC supplies or even the requisite sanitation with running
water to perform the skill is unavailable. Hence the rate of indwelling catheter use, which only requires
monthly changes, is much higher, with reports of indwelling catheters of 76% in Nigeria's and 84% in
Turkey,” but in countries with high-quality medical care and access to supplies, the rate of indwelling
catheter is as low as 37% in Bosnia,!° 38% in South Korea,?° and 13% to 37% in the UK.21.22

Resultant of this poor care, mortality after SCI is also much higher in developing countries. The
1-year mortality after SCI in Nigeria is 34%, South Africa 13%, Zimbabwe 49%, and Latin America
21%, with Sierra Leone having an astounding 83% mortality after 28 months. Developed nations have
substantially better survival after SCI, with 10-year mortality approaching that of the general popula-
tion, from 11% to 16% in the United States, Canada, Australia, and Western Europe.2* The majority of
deaths in developing countries are due to pressure ulcers and renal complications. Although indwell-
ing catheter usage or even the lack of access to this basic urologic treatment cannot be deemed the
cause of this mortality, it is clear that without basic urologic care mortality is very high.
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Although IC is recommended as the optimal form of bladder management in patients with SCI, it
may not be feasible to perform or maintain in all patients for a variety of reasons. Additional options
include condom catheter drainage, or indwelling catheters such as urethral catheters or SPT. In addi-
tion, and beyond the scope of this discussion, other surgical options exist, including continent cath-
eterizable stoma or urinary diversion such as an ileal conduit.

Factors to consider when choosing an appropriate method of bladder drainage in SCI patients include:
age, gender, comorbidities, level and completeness of injury, hand function, availability and desire for
caregiver assistance, body habitus, spasticity,® and in the developing world access to running water,
sanitation, and catheter supplies.

Intermittent urethral catheterization is usually indicated for assisted bladder emptying in SCI
patients, providing benefits, such as preservation of the upper urinary tract function and improve-
ment of urinary continence. In addition, self-IC (when able) provides more independence to the
patient and consequently a better quality of life.2* Nevertheless, IC may be associated with specific
complications.

The purpose of this section is to review the indications, technique, classification, benefits, and compli-
cations of intermittent bladder catheterization in spinal cord-injured patients.

4.2.2 Intermittent catheter options

“Sterile” IC was originally proposed by Guttmann and Frankel (1966).2> The sterile technique implied
the use of sterile materials, handled with sterile gloves. At that time, sterile technique was complex
and costly, with limited indication outside the hospital environment.

These limitations opened the way to the introduction of “clean” IC, described by Lapides in the
beginning of the 1970s,26” where he proposed that a “sterile” or “strictly aseptic” technique was not
necessary and that the use of the “clean” catheterization technique could be employed. This revolu-
tionary concept proved to be easily employable and reduced urologic complications in SCI patients.
Still, sterile IC does somewhat reduce the risk for associated urinary infection and/or bacteriuria
compared with clean IC.28-31

More recently, hydrophilic catheters have been introduced with the objective of facilitating IC
techniques, improving patient comfort, and reducing complications associated with catheteriza-
tion. Hydrophilic catheters have a polymer layer, which coats the surface of the catheter and has
high affinity for water. These characteristics form a slippery surface, which facilitates the catheter’s
entrance into the urethra. The development of such catheters came with a new IC technique, called
the “no touch” technique, providing benefits in terms of less external contamination.? A pull-in aid
or special package is used to handle the catheter without directly touching the sliding surface of the
hydrophilic catheter.

There is conflicting evidence suggesting that the use of lubricated hydrophilic catheters is associated
with less risk for symptomatic urinary infections in SCI patients.?> However, the costs of the hydro-
philic catheters can still limit their broad use in different communities.
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4.2.3 Complications of intermittent catheterization

One of the main drivers of the success of IC is the reduction of symptomatic UTIs and preservation of
renal function compared with indwelling catheters. However, this management method is life-long,
and all long-term complications need to be considered, as there are possible delayed complications.

The more common complications of IC are recurrent symptomatic UTIs, lesions of the urethral
mucosa, urethral stenosis, and false passages.’>** Wyndaele and Maes conducted a retrospective
study with a mean follow-up of 7 years, demonstrating that 20% of the patients who perform clean
IC with conventional non-coated polyvinyl chloride (PVC) catheters with lubricant had some sort of
complication. Urethral lesions were the most frequent of these, including urethral stenosis/stricture
or false passage.®® Perrouin-Verbe et al. also assessed the incidence of long-term clean IC complica-
tions. Twenty-eight percent of the patients developed symptomatic UTIs. At a 5-year follow-up, the
rate of epididymitis was 28.5%, and the rate of urethral stenosis was 19%.3

Adequate frequency of catheterization, good education on hygiene, avoidance of bladder overfilling,
and maintenance of a low-pressure bladder are among the most important factors for preventing UTI.3*

4.2.4 Studies comparing hydrophilic versus conventional catheters

Several authors have compared catheter types for IC, but most have noted only small differences in
complications. Data on patient preference also needs to be interpreted with caution, as consumer-
directed advertising of single-use catheters is heavily promoted. De Ridder et al. conducted a
prospective, randomized study, including 123 SCI patients, comparing the intermittent bladder
catheterization with hydrophilic catheters versus conventional catheters with lubricant. There was
no statistically significant difference between the groups regarding the occurrence of bacteriuria or
leucocytes. However, after 1-year follow-up, there were more symptomatic urinary infections in the
group using a conventional catheter with lubricant (82% vs 64%, respectively; p=0.02).>> Only 57
(46%) of 123 patients completed the 12-month study.

Bjerklund Johansen et al. assessed patients’ satisfaction with changing to hydrophilic catheters for IC.
Of 409 patients recruited, 378 (283 men, 95 women; mean age: 43.5 years; 65% with SCI) completed a
12-day trial of the hydrophilic catheter and then completed a satisfaction questionnaire. At baseline,
74% used standard PVC catheters and 36% pre-lubricated PVC catheters. Mean duration of IC was
4.6 years. Of the 378 patients, 55.2% were happy to continue with the hydrophilic device. No indi-
vidual patient factors were found to be significant in catheter choice.?

Prieto et al. reviewed the evidence on strategies to reduce UTI, other complications, or improved
satisfaction in IC users by comparing: (1) one catheter design, material, or technique versus another;
(2) sterile technique versus clean; or (3) single-use or multiple-use catheters. Thirty-one trials (13 RCTs
and 18 randomized crossover trials) addressed the inclusion criteria comparing method or design
and UTI/bacteriuria, other complications, or participant-assessed outcomes. Studies varied widely
in follow-up, UTI definition, and attrition; in some, data could not be combined. Where there were
data, confidence intervals were wide, and hence clinically important differences could be neither reli-
ably identified nor ruled out. The authors concluded that current research evidence is weak and study
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design issues are significant.’” It has not yet been established whether the incidence of UTI, other
complications such as hematuria, and user satisfaction are affected by sterile or clean technique,
coated or uncoated catheters, single- or multiple-use catheters, or by any other strategy. It is impor-
tant to emphasize that this systematic review included not only SCI adults, but also children with
neurogenic bladder dysfunction (NBD) due to myelomeningocoele, men with prostatic obstruction,
and women with multiple sclerosis (MS). Studies varied in setting, length of follow-up, definitions of
outcomes, and participants. There were a variety of settings—acute care neurology units, commu-
nity, and long-term care.

Li et al. conducted a systematic review and meta-analysis of RCTs comparing the use of hydrophilic
and non-hydrophilic catheters for IC in patients with SCI.?® Five studies involved 508 subjects;
462 subjects completed the study and were included in this meta-analysis. There was a significantly
lower incidence (odds ratio [OR]: 0.36; 95% CI: 24%-54%; p<0.0001) of reported UTIs in the hydro-
philic-treated group compared with the non-hydrophilic-treated group. Hematuria was also reported
significantly less in the hydrophilic-catheter group than in the non-hydrophilic-catheter group (OR:
0.57; 95% CI: 35%-92%; p=0.001). This meta-analysis supports the benefit of hydrophilic catheters
over non-hydrophilic ones in patients with SCI. The odds reduction of UTI was cited at 64%, and
43% for hematuria. Most of the evidence came from men, and so it does not seem that these data can
be generalized to women with SCI without further evidence.’ Also, it must be noted that much of
the literature comparing intermittent catheter brands is industry sponsored and must be interpreted
cautiously. A realistic approach in clinical practice would be to allow patients to try several brands
and types of catheters, and allow them to choose the preferred catheter for their own needs.

4.2.5 Intermittent catheterization technique and strategies to
avoid complications

Intermittent urethral catheterization patients should be instructed to wash their hands well, use non-
contaminated (clean) catheters and lubricants, as well as clean the region of the urethral meatus
before introducing the catheter. The cleaning of the hands and the urethral meatus can be done with
water and soap.*’ The patient should slowly withdraw the catheter at the end of the procedure in order
to ensure that all urine is emptied from the floor of the bladder.

The patient may adopt different positions to perform the catheterization (sitting, lying, or standing),
depending on his/her physical limitations and the place where the procedure is carried out.** Women
may use a projected mirror for better visualization of the urethral meatus, which is especially impor-
tant in the patient’s rehabilitation. Care provided by a multidisciplinary team is recommended to
check the technique and educate the family members and/or caretakers about the importance of
avoiding external contamination. Printed information leaflets and educational videos can help with
adequate comprehension of the technique. In the case of motor deficit, which makes auto-catheter-
ization impossible, family members or a caretaker can undertake the responsibility of performing
the procedure.*!

The number of catheterizations indicated per day mostly depends on oral liquid intake, but it is usually
4 to 6 times within 24 hours. A lower number of IC procedures in 24 hours may result in urinary
infections, while very frequent catheterizations may increase the risk for urethral complications.*42
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Intermittent urethral catheterization frequency may vary according to urodynamic parameters
(bladder complacency and detrusor pressure). Bladder distension should be avoided (>400 mL) in
order to prevent urinary infections.*

Asymptomatic bacteriuria is a frequent finding in SCI patients on IC.3>** There is no indication
to perform routine urine culture exam in these patients. Asymptomatic bacteriuria should not be
treated, except in cases when the patient must undergo surgical or endoscopic manipulations,*>44
which is also the recommendation of the Infectious Disease Society of America (IDSA).

Routine antibiotic prophylaxis is not justified. Although it reduces the incidence of asymptomatic
bacteriuria, there is no evidence that it reduces symptomatic UTIs.*> On the other hand, non-specific
symptoms, such as exacerbation of spasticity (and difficulty in inserting the catheter in the urethra
due to the spasms of the pelvic floor), worsening of incontinence, fever, and abdominal and back
pain, may suggest occurrence of urinary infection in SCI patients. In these cases, urine culture may
be useful to guide antimicrobial treatment.#> Whenever an SCI patient presents episodes of symp-
tomatic UTI, the IC technique must be reinforced.*#2 Hydrophilic catheters and the no-touch tech-
nique may also be offered to patients on IC and recurrent complications.

The introduction of IC represented a cornerstone in the urologic management of SCI patients.
Currently, the most used technique is “clean” IC, which provides evident benefits in terms of pres-
ervation of renal function.’” Recent advances include pre-lubricated catheters, hydrophilic catheters,
and the no-touch technique, which could potentially minimize the risk for complications, such as
UTIs and urethral injuries.?246-48 However, the costs of hydrophilic catheters can still be a limiting
factor for the dissemination of this technique. A 2008 national survey in Canada reported the reuse
of catheters by 47% of spinal cord-injured patients.** Although policy changed in the United States
in 2008, resulting in an increased provision of single-use catheters, a 2013 survey indicates that 56%
of patients reuse their catheters a median of 20 times.5 It is not possible to make evidence-based
recommendations on the most appropriate method for cleaning and storing the reusable catheters.

Factors that may help in the prevention of recurrent UTIs include education strategies (reinforcement
of the IC technique), prevention of bladder overdistension, and the use of aseptic technique (no-touch
technique). For SCI patients, choice of catheter will depend on personal preference, cost, portability,
and ease of use.’” Future research strategies must consider cost-effectiveness analysis and use of the
standard definition for symptomatic UT1Is.

4.2.6 Complications of intermittent catheterization compared with
indwelling catheters

Chronic indwelling catheterization is associated with similar types of complications as IC; however,
the frequency of many of these complications is much higher with indwelling catheters. Complications
include cystitis, pyelonephritis, hydronephrosis secondary to bladder wall thickening and fibrosis,
urethral trauma and bleeding, urethritis, and bladder stones. Other potential morbidities include
a higher risk for pressure ulcers as well as more frequent and longer hospitalizations among those
treated with indwelling catheters. The presence of an indwelling catheter has also been associated
with a higher risk for major depressive disorder compared with IC.%2
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Shekelle et al. performed a systematic review of risk factors for UTI in adults with SCI that included
22 studies.® These authors found increased bladder residual volume as a risk factor that was supported
by evidence from two studies. They found that patients on IC had fewer UTI episodes than those with
an indwelling catheter. Fortunately, urinary sepsis was rare, but management with an indwelling
catheter represented a risk of developing sepsis. Several authors have also reported similar findings of
up to a 6-fold rate of UTI in patients with indwelling catheters compared with IC.%1:3¢ In a Cochrane
Review,* 14 trials were reviewed comparing the evidence for UTI in indwelling urethral catheteriza-
tion with intermittent catheterization. Due to evidence of clinical and statistical heterogeneity, the
results were inconclusive with a very low quality of evidence.

In a retrospective study of 140 patients with SCI, Ku et al. found that IC was an independent risk
factor for the development of epididymo-orchitis compared with indwelling catheters.6 Men on IC
had a rate of 67% compared with 25% in the indwelling group over the 17 years of the study. Urethral
strictures were more common in the men on IC, but these were not an independent contributing
factor for the development of epididymo-orchitis. In contrast, in another long-term study of 316 men
post-SCL" indwelling urethral catheterization had a far greater risk for urethral stricture, epididy-
mitis, and peri-urethral abscess than for those performing IC. Of note, the patients with suprapubic
tubes had a very low rate of urethral complications.

Kidney stones are more common in patients with SCI compared with the general population. The rate
of kidney stones based on bladder management has been variable in the literature. Chen et al.5 found
that approximately 7% of persons with an SCI experienced the first kidney stone within 10 years of
injury, and any form of bladder instrumentation (indwelling catheterization, IC, or condom cath-
eterization) resulted in more kidney stones compared with spontaneous voiding. Among 140 men
followed for 17 years with SCI, Ku et al.?° found that renal stones were more common in patients
managed with indwelling catheters compared with those with spontaneous voiding or IC. Complete
injury was also an independent risk for renal stone formation. Several other long-term follow-up stud-
ies!785 have also found an increased risk for upper tract stones with indwelling catheter manage-
ment compared with IC, but others®® have found the opposite result.

A very high incidence (up to 30%) of bladder stones has been reported in patients managed with
long-term indwelling catheters.!" In a group of 457 SCI patients,?! the absolute annual risk for bladder
stone formation with an indwelling urethral or suprapubic tube was 4% compared with 0.2% on IC,
and having formed a stone in the past year quadrupled the risk for stone formation in the indwelling
catheter group to 16%. There was no difference in the stone formation rate between suprapubic and
urethral catheters. Other studies have shown a 3-fold increase in bladder stones with an indwelling
catheter,> or even higher.!

Hydronephrosis and vesicoureteric reflux have also been shown to be more common in patients with
indwelling catheters, with rates as high as 30% to 38% for upper tract changes and 22% to 28% reflux
for indwelling urethral and suprapubic tubes, respectively, compared with IC with rates closer to 18%
and 8%."" These changes are likely due to bladder wall thickening and the resulting loss of bladder
compliance associated with indwelling foreign bodies.5!
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Weld et al. assessed bladder compliance in 316 SCI patients based on bladder management technique
and found those with indwelling catheters to be at higher risk for decreased compliance compared
with those on IC (p<0.01). This retrospective review also found that those with abnormal bladder
compliance were at an increased risk for vesicoureteral reflux (VUR), imaging abnormalities, pyelo-
nephritis, and upper urinary tract stones (p<0.01, <0.01, 0.04, and <0.01, respectively).s' Chao et al.
reported a higher rate of upper urinary tract scarring and caliectasis in catheterized versus non-
catheterized SCI patients.s2

Some studies report the incidence of bladder cancer in the SCI population to be similar to that of the
non-SCI population (0.11%-0.39%).126> However, the presence of an indwelling catheter (urethral or
SP tube) has been found to be an independent predictor for the development of bladder cancer, after
controlling for risk factors such as age, gender, and smoking status (relative risk [RR]: 4.9; 95% CI:
1.3-13.8). This historical cohort study also found the risk for bladder cancer to be higher in the SCI
population compared with a sample of the general population.’® West et al. associated the presence
of an indwelling catheter with a higher rate of squamous cell carcinoma.’? A recent meta-analysis
found a rate of bladder cancer as high as 1.0% (95% CI: 0.0-5.0) in catheterized SCI patients.®* In a
retrospective review of catheterized SCI patients, no significant difference was noted in the rates of
bladder cancer in patients with indwelling urethral catheters compared with suprapubic catheters.s
In the only population-based study of bladder cancer in SCI from Taiwan, the rate of cancer was not
different than the general population despite a large percentage of these patients being managed with
indwelling catheters, adding more controversy to this subject.

A summary of the comparison of complications between catheters is presented in Table 4-1.

TABLE 4-1 Complications Associated With Intermittent Catheter Compared With Indwelling
Urethral or Suprapubic Catheter

Complication Intermittent catheter Urethral catheter _

Symptomatic urinary tract infections mm "
Bladder cancer ) (| )
Bladder stone | " T
Waorsening bladder compliance 0 M "
Urinary incontinence " " [
Urethral strictures " " =
Epididymitis " ) =
False passages/hematuria ™M = =
Upper tract stones ! " "
Hydronephrosis 1 " (k)

1 increased risk compared with general population; =: no clear increase in risk
SPT: suprapubic tube.
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TABLE 4-1 Complications Associated With Intermittent Catheter Compared With Indwelling
Urethral or Suprapubic Catheter, Cont’d

Complication Intermittent catheter Urethral catheter _

Vesicoureteric reflux

Urethral erosion = e =

1 increased risk compared with general population; =: no clear increase in risk
SPT: suprapubic tube.

4.2.7 Quality-of-life data

Several studies have compared QOL in SCI patients with different forms of catheter drainage. Mitsui
et al. compared 34 SCI patients with SPT with 27 patients on IC. More SPT patients reported being
“fully” or “almost” satisfied than IC patients. Seventy-four percent of SPT patients were rarely both-
ered with daily activities compared with 37% of IC patients.® Sherrif et al. reported that 56% of
patients with SPT felt that SPT had positively impacted their QOL.’ In a survey of ventilator-depen-
dent tetraplegic patients, a preference for SPT was found over IC, although not statistically signifi-
cant.s® Despite a high rate of catheter-related problems, up to 84% of patients with SPT are satisfied.®

Cameron et al. also found the worst scores in terms of psychosocial outcome measures in patients
with indwelling catheters compared with spontaneous voiders, IC, or condom drainage.>' Sanchez
Raya used the Kings Health Questionnaire to assess QOL in patients with SCI based on bladder
management technique. The physical role domain was the only area where a difference in QOL was
detected based on bladder management technique. Those patients on condom drainage had lower
physical limitation scores (better QOL). Sexuality was the main concern for the majority of patients.”

Study results are conflicting in terms of QOL improvement in SCI patients based on bladder drainage
technique. An individualized approach to selecting the appropriate method of bladder drainage will
likely lead to the best chance at improved QOL in this patient population.
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4.2.8 Conclusions

= The most commonly used intermittent catheterization technique is “clean” intermittent catheterization.
(Level of Evidence [LOE] 3)

= Asymptomatic bacteriuria is a frequent finding in SCI patients on IC. [LOE 3]

= The most frequent urologic complications related to IC in the long term are recurrent UTls and urethral trauma. [LOE 3]

= Kidney stones are more common in patients with SCI than in the general population. [LOE 3]

= UTI, bladder stones, poor bladder compliance, upper tract deterioration, bladder cancer, and urethral erosion are far more
common in patients treated with indwelling catheters compared with IC. [LOE 3]

4.2.9 Recommendations

= Clinicians should stress to patients the following methods to prevent UTI: adequate frequency of catheterization,
good education on hygiene, avoidance of bladder overfilling, and maintenance of a low-pressure bladder.
(Grade of Recommendation [GOR] B)

= Clinicians should recommend IC as the preferred method of bladder management in patients with retention due to a lower risk
for complications. [LOE 3; GOR B]

= Clinicians must not treat asymptomatic bacteriuria except in cases when the patient must undergo surgical or endoscopic
manipulations. [LOE 1; GOR A]

= Clinicians should reinforce proper IC technique whenever an SCI patient presents with episodes of symptomatic UTI.
[LOE 3; GOR B]

= Clinicians should not ignore non-specific signs and symptoms of UT! in this population, such as exacerbation of spasticity,
difficulty in inserting the catheter into the urethra due to spasms of the pelvic floor, worsening of incontinence, fever, and
abdominal and back pain, which may suggest presence of urinary infections in SCI patients. [LOE 3; GOR B]

= Clinicians should offer hydrophilic catheters and no-touch technique to SCI patients with recurrent complications on IC using
standard catheters. [LOE 2; GOR B]
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Permanent indwelling catheters are another option for bladder drainage in patients with SCI who are
not candidates for IC. Indwelling catheters may be trans-urethral or suprapubic (SPT).

Indwelling catheters are placed with the intent to maintain adequate bladder drainage and low intra-
vesical pressures to help protect the upper urinary tract. However, some evidence suggests that despite
continuous bladder drainage and low urinary volumes, spikes in intravesical pressures (>40 cm H,0)
occur, and some patients will still develop renal scarring and abnormal ultrasound findings.”" In
an effort to minimize upper tract damage in patients with SPT, some authors suggest the use of
anticholinergic medications in patients with neurogenic detrusor overactivity.?727 In 1997, Kim et
al. reviewed 109 patients with indwelling catheters (80 urethral, 29 SPT) and found better bladder
compliance and a lower rate for hydronephrosis in patients using oxybutynin.”* Conversely, Pannek
et al. retrospectively evaluated the urodynamics study (UDS) findings in 85 patients with chronic
SPT and found no difference in bladder compliance, irrespective of anticholinergic use.”>

As indwelling catheterization is not the “gold standard” or ideal form of bladder management for
patients with SCI, an individualized approach to the decision for SPT versus urethral catheter is
required to maximize patient satisfaction and minimize morbidity.””

4.3.1 Suprapubic catheters

If IC is not feasible, SPT is one option for bladder management in SCI patients. Common indica-
tions for SPT include inability or unwillingness to perform IC, urethral damage or stricture disease,
obesity preventing urethral access, lower extremity spasticity, inability to wear condom catheter,
persistent incontinence despite IC, and neurological disease progression.s%7276.77

Benefits of SPT include: enhanced independence, avoidance of urethral trauma and splaying (catheter
erosion of urethra), lack of need to pass a catheter multiple times in a day, improved body image, and
improved sexual function.”>7?78 In a contemporary retrospective review study, Krebs et al. reported
that SPT drainage was the bladder management of choice in 11.8% of neurogenic bladder patients,
93.5% of whom had SCI. In a large US population, factors associated with higher use of SPT drainage
included male gender, high level of American Spinal Injury Association (ASIA) Classification A SCI,
and age >45 years.”

Unlike IC, urethral catheter, or condom catheter drainage, SPT drainage requires a surgical proce-
dure. This may be done under local anesthetic in some cases, but often in patients with neurogenic
bladders, a general or spinal anesthetic is required to adequately distend the bladder for safe place-
ment of the SPT. Multiple techniques have been reported.s0-s2

In addition to the risks of anesthetic, risks of SPT insertion include: infection, bleeding, autonomic
dysreflexia (AD), injury to bladder neck, injury to surrounding structures such as bowel or blood
vessels, and failure to pass the catheter into the bladder.8* Ahluwalia et al. reported an intra-operative
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complication rate of 11%, but most were minor. Patients with neurogenic bladders have an increased
risk for complications compared with other indications for SPT.#* To minimize complications, cystos-
copy can be performed simultaneously with or without the addition of transabdominal ultrasound.s?

Postoperative complications occur in up to 23% of patients, but are mostly minor such as catheter
clogging or UTIs.8* Challenges with catheter changes may include: pain, autonomic dysreflexia,
retained catheters, loss of SP tract due to catheters falling out and not being replaced in a timely
fashion, UTI, and injury to bladder neck or prostatic urethra.®> To minimize SPT complications,
some authors recommend frequent catheter flushing and catheter changes. Communication with
caregivers and patient education regarding catheter care are necessary as well.”s

The majority of data regarding outcomes of SPT in patients with SCI comes from retrospective case
series and focuses on reporting the long-term complications of chronic SPT drainage such as UTI,
lower and upper tract calculi, incontinence, catheter blockage, gross hematuria, cancer, and renal
deterioration.!»657678 Table 4-2 demonstrates results from contemporary studies reporting the
outcomes of SCI patients with SPT. No RCTs have been conducted to compare the outcomes of SPT
with other forms of bladder management in SCI patients.’

TABLE 4-2 Complications: Suprapubic Catheterization

N Upper
(N=SCI Bladder | urinary Urethral Inconti- Renal dete-
HelElencs patients At stone tract stricture nence rioration
in study) stones
97.9%";
Katsumi et al® 46 10.9yr 10.9% 41% 26% 4% 0 / 20% 4% /
urosepsis
6% renal
Sugimura et al’® 149 68 mo 27% 22% 8% 2% / 7% / 0.7% scarring;
14% VUR
Ahluwali et al 219(9) 50 mo 26% / / / / / / / /
Weld and 183+ 3% ZSZDQ\UI/UR;
Dmochowski' 36 o S 22% 35% 6% 0% / / / °
12.4 yr pyelonephritis abnormal
(from graphs) o
imaging
Nomuraetal”  118(90)  / 25% 25% / / / 10% / / 1%
’ pyelonephritis
26% (21%
Mitsui et al>® 34 8.6yr 12% 65% 9% 0% 0% mild; 5% 0% 0% 0%
moderate)
MacDiarmid 44 58 mo 43% 0% 7% 2% / 1% 5% 0% 0%

“Variable definitions used for each study.
"Defined as at least one symptomatic UTI (requiring treatment with antibiotics).
Abbreviations: mo: months; SCI: spinal cord injury; UTI: urinary tract infection; VUR: vesicoureteral reflux; yr: years.

Few retrospective series have compared the outcomes of patients with SPT versus other forms of
bladder drainage. In 2000, a retrospective review of 316 SCI patients with a mean follow-up of 18.3
+ 12.4 years was reported. Complications occurred in 27.2%, 44.4%, and 53.5% of patients treated
with IC, SPT, and indwelling urethral catheter, respectively. A lower risk for epididymitis (p=0.001),
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urethral stricture (p=0.002), and peri-urethral abscess (p=0.006) was found with SPT compared
with indwelling urethral catheter.!! Most recently, Katsumi et al. reported the complication rates
of 179 male SCI patients with SPT compared with patients with indwelling urethral catheter. They
found no statistically significant difference in the rates of: UTI, urosepsis, pyelonephritis, bladder
stones, upper urinary tract calculi, and hematuria. Urethral strictures, fistulae, and scrotal abscesses,
however, occurred only in the indwelling urethral-catheter group and led to a change to SPT drain-
age in 13 patients. Penile urethral erosion occurred only with indwelling urethral catheters (23%).6>

4.3.2 Indwelling urethral catheters

An indwelling urethral catheter is another option for bladder management in patients with SCI.
Indwelling catheters involve insertion, under sterile conditions, of a trans-urethral catheter, which is
worn continuously. Catheters are changed approximately every 4 to 6 weeks, and multiple products
are available. Factors to consider when selecting a catheter product include: cost, latex allergy, lumen
size, and balloon size. Size 14-16 Fr is generally recommended with 10-cc balloons. The patient and
caregiver should be educated regarding appropriate hygiene and care of the catheter and associated
drainage bags.6 Larger catheters increase the risk for urethral erosion or discomfort and are not effec-
tive at decreasing peri-catheter leakage, which is almost always due to detrusor overactivity. Also,
increasing balloon size when catheters are spontaneously expelled is not advised, as this is a sign of
urethral erosion and the catheterization method needs to be changed, not simply upsized.

Indwelling urethral catheters are generally reserved for patients unable or unwilling to perform IC,
and who have a contraindication to other options such as condom drainage or SPT. Urethral cath-
eterization is typically indicated in patients during the acute phase (0-2 weeks) following SCI due to
the need for fluid balance monitoring.* Indwelling urethral catheterization is also beneficial in SCI
patients with acute medical conditions.S In general, urethral catheterization is considered the last
option for chronic urinary drainage, but it is the most appropriate method for certain SCI patients.
Few patients (1.3%-3.8%) chose indwelling urethral catheters as a bladder management immediately
after injury in contemporary studies.'>”* However, many SCI patients who are initially managed with
IC often switch to urethral catheter over time.

The rates of common complications seen with indwelling urethral catheters have been summa-
rized in Table 4-3. A comprehensive discussion of urethral complications is discussed in Chapter 3,
Surveillance and Management of Urologic Complications After Spinal Cord Injury.
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TABLE 4-3 Complications: Indwelling Urethral Catheter (IUC)

N Upper

Reference (N=SCI - Bladder | urinary Epidi- | Urethral | Urethral hgl'n"::l_ dgfe":l_
patients Stone tract dymitis stricture erosion ria ration
in study) stones

27.2%
Hollingsworth , , (ck , , 87% (CI: , 13(57" 1.0% (CI: ,
et als4+ 12.8— 0.0-18.7) 34 2'1 9 0.0-5.0)
40.9)t A-219)
Katsumi o2
etal® 133 10.9 yr 15% uro- 38% 32% 10% 3% 23% 20% 0.8% /
’ sepsis
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“Variable definitions used for each study.

tStudies of primarily male patients.

*Meta-analysis of non-infectious complications of SCI patients with IUC, so each outcome included a different number of studies and patients.

Defined as at least one symptomatic UTI requiring treatment with antibiotics.

°More than one symptomatic UTI.

Abbreviations: Cl: confidence interval; IUC: indwelling urethral catheter; SCI: spinal cord injury; SPT: suprapubic tube; UTI: urinary tract infection; VUR: vesicoure-
teral reflux; yr: years.

Several methods to minimize the risks associated with indwelling urethral and suprapubic cath-
eters have been suggested. In addition to good hygiene and care of equipment, increased fluid intake
(>2 L/day) is recommended to decrease catheter blockage.® Silicone catheters are recommended over
latex catheters.’” Anticholinergic medication may be beneficial to help protect the upper urinary
tracts.”* Use of an anchoring device (e.g. StatLock® device; C. R. Bard, Inc; Murray Hill, New Jersey,
USA) may be helpful to decrease the risk for UTI and urethral erosion.$%$° Weekly catheter changes
have been suggested to decrease infections,” but this is often not feasible from a practical perspective.
The benefit of catheter irrigation is unknown. Daily prophylactic antibiotics are not recommended for
routine use in patients with indwelling urethral catheters. Despite these efforts, indwelling urethral
catheters are associated with a high rate of genitourinary complications, and routine surveillance is
recommended.*67
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4.3.3 Conclusions

Indwelling catheter drainage (SPT and urethral catheters) is associated with several potential complications such as
infections, stones, and deterioration of the upper tract. [LOE 3]

Although SPT has the added surgical risk over indwelling urethral catheter, it prevents potentially irreversible urethral injury
and is overall better tolerated by patients. [LOE 3]

Indwelling urethral catheterization is an option for SCI patients but should be used as a last-resort option due to a high rate of
complications including: urethral erosion, fistula, epididymitis, and peri-urethral abscess. [LOE 3]

Ongoing urologic follow-up of SCI patients using indwelling catheters drainage is necessary. [LOE 3]

434 Recommendations

= In SClI patients unable or unwilling to perform IC or who decline an SPT, clinicians may offer indwelling urethral catheterization
as a last resort, due to a higher rate of complications. [LOE 3; GOR B]

= (Ongoing urologic follow-up of SCI patients using indwelling catheter drainage is necessary, as upper tract deterioration,
urolithiasis, and other urinary complications are not rare. [LOE 3; GOR B]

= Further research in the form of prospective trials or RCTs is required to further assess the outcomes of indwelling catheters in
SCl patients. [LOE 3; GOR B]

4.4 Condom catheter

Condom catheter drainage, or external sheath drainage, is an option for bladder drainage, or more
specifically a urine collection system for male SCI patients who are incontinent or use reflex voiding
or bladder expression. There is a lack of appropriate external drainage devices for female patients
given the anatomical differences. Condom drainage may be appropriate for men with incontinence
due to SCI, but several factors need to be considered. This form of bladder management should not
be used in patients with a retracted penis, broken or excoriated skin, confusion/dementia who may
remove sheath, or a presence of urinary retention,” and the majority of men require a sphincterotomy
to decrease detrusor leak point pressure (DLPP) to a safe level to prevent upper tract deterioration.

Several studies have compared various condom catheter drainage devices. In 2001, Fader et al.
compared 6 devices in a randomized, crossover trial in 58 men. However, this study was not limited to
men with SCI. A preference was found for the Aquadry Clear Advantage™ (Bard Medical Covington,
GA, USA) product in the overall opinion question (p<0.01). Sheaths that required an applicator were
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found to be less desirable than those with no applicators (p<0.001).2 A second RCT in 2006 compared
the Conveen® Optima (Coloplast, Minneapolis, MN, USA) with the Clear Advantage urinary sheath.
Both were one-piece, silicone, self-adhesive devices. The Coveen Optima was found to be preferred,
in terms of security and ease of use, by 67% of the 36 participants who reported a preference. Again,
this study was not limited to men with SCI.*

Multiple devices are available, including single- and double-piece sheaths. Clear devices allow for
monitoring of the skin. BioDerm® external continence device (BioDerm, Largo, FL, USA) is a prod-
uct that applies to the glans only. Only one size is necessary, and it is used for patients with a retracted
penis; however, it should not be used in patients with phimosis, catheter-induced hypospadias, or
inflammation/ulceration of glans.*+

The use of penile implants to facilitate condom catheter drainage has been reported. In 1992, Perkash
et al. completed a retrospective review of 79 SCI patients with semi-rigid penile implants. The main
reason for the implantation was the inability to wear an external urinary sheath due to a small
retracted penis. Of the 79 participants, 81% had success wearing a condom catheter postoperatively.
The penile implant improved quality of life due to better continence, sexual function, self-esteem,
and mobility. There was an 8% failure rate and an infection rate of less than 2%.%

There is a lack of high-quality evidence assessing the efficacy of condom drainage versus catheter
bladder drainage in patients with SCI. In 2013, a Cochrane Review was conducted to assess the
evidence for catheter policies in patients with neurogenic bladder. The study sought to assess whether
condom drainage was better than urethral catheterization or SPT drainage. The meta-analysis
included RCTs and quasi-RCTs. Unfortunately, no studies were found that met inclusion criteria for
this meta-analysis.> In 2006, Saint et al. performed an RCT to compare condom catheter drainage
with indwelling urethral catheterization, but this population did not consist of SCI patients.””

The majority of the research regarding the use of condom catheters focuses on complications and
risks as opposed to clinical trials to assess efficacy. The use of condom catheters has been associ-
ated with: penile edema/injury/necrosis,?19! fibroepithelial polyps,'®2 and urethral diverticulum.!0?
Some studies have suggested that condom drainage may be associated with poor emptying and
hydronephrosis.!04105

The rate of UTI with condom catheter drainage has been well assessed. Esclarin de Ruz found an
overall UTI incidence of 0.68 per 100 person-days in an inpatient population of SCI patients. The
risk of UTI was highest for patients with indwelling Foley catheters, 2.72 compared with 0.36 for
those with condom catheter drainage. Those undergoing IC had a risk of 0.41 per 100 person-days of
developing a UTI. Undergoing invasive procedures and cervical SCI were also found to be risk factors
for UTIs in this study. This was not a randomized trial, and it assessed patients in the acute phase of
their SCI.° Overall, condom catheter in the appropriate patient may be associated with a lower risk
for UTI than indwelling urethral catheterization.

To minimize the risks associated with the use of condom catheter drainage, ongoing monitoring is
recommended. Condom catheters can be worn continuously and the product should be changed every
24 to 48 hours.!% Devices must be properly measured for length and circumference. Approximately
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3.8 cm of penile length is required for application. Four hours after application, the device should
be assessed to ensure it is on correctly and that there is no damage.’” Due to lack of sensation, some
patients with SCI may not be aware of problems with the device not adhering or causing penile
injury. Physical examination of the penis, assessment of postvoid residuals, bladder pressure moni-
toring, and upper tract imaging should be done routinely,*-1%8 although an evidence-based follow-up
schedule is yet to be determined. Any problem should warrant medical attention.100.101,107-109

In patients with suprasacral SCI, detrusor sphincter dyssynergia (DSD) may occur, leading to incom-
plete bladder emptying, UTI, autonomic dysreflexia, elevated voiding pressures, and upper urinary
tract demise if a condom catheter is chosen as a bladder management method.""° The outlet resistance
must be reduced in patients managed with condom catheter drainage to prevent these complications,
which may occur only over time. OnabotulinumtoxinA, or botulinum toxin A, is not yet approved
for the indication of treating DSD, but it has been studied in a few small RCTs with variable results.!!

External sphincterotomy is the permanent and effective option for patients with DSD who want to
wear a condom catheter.”? Pan et al. reported on the long-term outcomes following sphincterotomy;,
showing a success rate of 32% following a single sphincterotomy at a median follow-up of 71 months.
Failure following sphincterotomy, defined as urosepsis, recurrent DSD, upper tract dilatation, or
renal failure, developed in 57 (68%) of 84 patients at a median follow-up of 36 months. Repeat sphinc-
terotomy was performed in 30 of 57 patients with a median duration of success of 68.5 months. Renal
failure did not occur in any of the patients.!'?

More recently, Vainrib et al. reported on the outcomes of 97 patients undergoing bladder neck inci-
sions/external sphincterotomy (BNI/ES) over a period of 40 years. Condom catheter drainage (+ IC)
was used in 80.4% of patients in this study. Forty-seven percent of patients required a repeat BNI/
ES due to elevated bladder pressures, UTIs, elevated postvoid residual urine volumes (PVRs), hydro-
nephrosis, or impaired renal function. Success rates ranged from 50% to 85.7% for up to 3 repeat
procedures over a mean follow-up of 119 months.!® These studies indicate good long-term success
despite a high need for repeat procedures. Repeat procedures are safe and effective.

4.4.2 Conclusions

= Condom catheter drainage is associated with complications such as poor bladder emptying, hydronephraosis, upper tract
deterioration, UTI, and skin and penile injury. [LOE 3]

= Patients with DSD who opt for condom catheter drainage require treatment to allow for safe bladder drainage; usually this is
accomplished with sphincterotomy. Sphincterotomy often requires repeat procedures over time. [LOE 3]
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4.4.3 Recommendations

= Clinicians may offer condom catheter drainage to SCI patients who are unable or unwilling to perform IC. Patients with
high-pressure voiding due to DSD must be willing to undergo sphincterotomy. [LOE 3; GOR C]

= Clinicians must monitor SCI patients who are using condom drainage with routine physical examination of the penis,
assessment of postvoid residuals, bladder pressure monitoring, and upper tract imaging. [LOE 3; GOR B]

Most patients after SCI are in retention and are unable to void, requiring some mechanical form of
bladder drainage. However, there are patients who are occasionally able to void spontaneously despite
the neurologic injury. According to the National Spinal Cord Injury Database (NSCID), from 2001 to
2006, about 19% of subjects with an SCI in the United States were able to void, and this trend has been
similar in the past 30 years.* When evaluating a patient with an SCI, it is very important to assess
how he or she is emptying the bladder, and distinguish between spontaneous voiding and bladder
expression or bladder reflex triggering.

Bladder function will be impacted depending on the type and area of the neurologic injury or lesion.
The acute phase (spinal shock) can interrupt supraspinal pathway function, resulting in temporary
urinary retention with underactive or acontractile detrusor that may last for a few weeks to months.
Incomplete injuries (ASIA categories B through D) with intact or partial sensation below the level of
the spinal lesion can manifest with coordinated physiologic voiding because this relies on A afferent
nerves responsible for the spino-bulbospinal reflex.!4

Supraspinal injury is commonly associated with bladder involuntary contractions, also called neuro-
genic detrusor overactivity (NDO), and normal sphincter function. Suprasacral spinal lesions are
associated with impairment of both bladder and sphincter functions, resulting in NDO and detrusor
sphincter dyssynergia. Lower complete injuries such as conus lesions or sacral injuries present with
acontractile detrusor, but the sphincter function can be overactive or acontractile. Lower incomplete
injuries such as cauda equina or peripheral nerve lesions have a variable presentation with NDO and
acontractile sphincter or vice versa.!'®

Direct compression over the suprapubic area can facilitate bladder emptying in two different path-
ways: bladder reflex triggering and bladder expression.

451 Bladder reflex triggering

Based on the standardization of terminology by the International Continence Society, bladder reflex
triggering refers to the different manoeuvres necessary to elicit an exteroceptive reflex bladder
contraction.
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Reflex voiding is a non-physiologic mechanism that induces a bladder contraction through activation
of C-fibres and an intact peripheral reflex arc that are unveiled after a suprasacral injury or lesion.
Bladder reflex triggering can be induced by rhythmic suprapubic percussions (7-8 taps) delivered
every 3 seconds until voiding occurs. Contraction would hopefully be limited to detrusor fibres in
the bladder to facilitate voiding. However, bladder neck fibres, activation of pelvic floor muscles, or
simultaneous contraction of the external sphincter DSD can also occur and would prevent void-
ing.116 Other manoeuvres to induce reflex voiding include thigh scratching, ano-rectal manipulation,
pulling pubic hair, touching the penile skin, or squeezing the clitoris and would be different for
every patient.V”

4.5.2 Bladder expression

Bladder expression achieves voiding through a mechanical forceful increase in the intravesical pres-
sure to overcome the outlet resistance; this typically generates a low flow. The most commonly used
manoeuvres are the Valsalva and Credé manoeuvres. The Valsalva manoeuvre was named after
Antonio Valsalva, who described this approach to assess the patency of the ear canal by increas-
ing both intra-thoracic and intra-abdominal pressure while applying closing lips and nostrils."'8 The
Credé manoeuvre was described by Carl S.F. Credé as a mechanical downward compression over
the suprapubic area to facilitate expulsion of the placenta.!”® Although the detrusor pressure is not
physiologically high, this is commonly associated with reflux to seminal vesicles, prostate, and upper
tracts.!16

Patients who are candidates for bladder reflex triggering should have: (1) a suprasacral neuropathic
lesion, (2) the ability to follow up to confirm safe bladder parameters, and (3) an open outlet after
treatment (drug therapy, onabotulinumtoxinA injection, sphincterotomy, or bladder neck incision).!>

Bladder expression can be considered in patients with neurogenic bladder with sacral SCI in whom
safe urodynamic parameters can be confirmed and followed up.!15120

There are no meta-analyses or RCTs assessing this therapy. Four recent systematic reviews were iden-
tified6,"15120.121 and they all concluded and recommended clean intermittent catheterization (CIC) as
the primary method for bladder management before considering bladder reflex triggering or bladder
expression. The International Consultation on Incontinence (ICI 2013) formed a neurologic incon-
tinence committee to address and update recommendations on bladder management in neurogenic
lower urinary tract dysfunction (NLUTD). The authors emphasized evaluating symptoms and inves-
tigating both bladder and sphincter function in the presence of a neurogenic lesion. Bladder reflex
triggering and bladder expression were recommended as a conservative bladder management in
specific scenarios where safe bladder parameters could be confirmed and followed.!'s

The European Association of Urology (EAU) updated the Guideline on Neuro Urology and provided
no evidence-based recommendations on reflex voiding and bladder expression, and only highlighted
similar statements as the ICI regarding safety. The authors stressed caution when managing high-
pressure voiding and autonomic dysreflexia; one should monitor for adverse events affecting the
upper tracts.!2°
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The Consortium for Spinal Cord Medicine published a clinical practice guideline for health care
providers in 2006 to address bladder management for adults with SCI. Recommendations from this
Guideline were also similar and do not differ from the ICI statement. The authors provide indica-
tions and exclusions for reflex voiding and bladder expression, as well as list possible complications
associated with these.

In 1968, Golding reported good outcomes and no adverse events in 25 patients with SCI managed
with bladder expression after 8 weeks,'?? and this method was adopted for patients with myelodys-
plasia or SCI with concomitant stress urinary incontinence.'?3125 In contrast, a concerning finding
in another retrospective study of bladder expression was that synchronous bladder contraction and
open bladder neck occurred in only 2% (4/207) of the patients.!?¢ This event was previously reported
by McGuire and Wagner, when they demonstrated that even after complete sacral injury and loss
of the sympathetic nerve supply to the proximal urethra, the bladder neck remains closed during
bladder expression.!”” In a small study, Smith and colleagues compared early severe adverse events
in 6 SCI patients managed with bladder expression versus 6 patients managed with intermittent or
indwelling catheterization. All patients managed with bladder expression had upper tract dilatation
on intravenous pyelogram by 2 months, and 50% (3/6) sustained a deep venous thrombosis (DVT)
compared with 1 DVT (1/6) and no dilatation in the group of patients managed with catheteriza-
tion.18 The authors speculated on possible urinary retention as the possible etiology for DVT as
previously described by Young and Mitchell in a case of massive urinary retention and associated
iliac vein obstruction.!?®

Since the publication of Lapides et al. of clean intermittent catheterization in the treatment of urinary
tract disease in 1972, several studies have described the benefits of this method and the associated
lower adverse event burden compared with any other bladder emptying method in the patient with
SCI. Intermittent urethral catheterization is associated with less bacteriuria,'?® UTIs,!30-132 ]ithia-
sis,3133 and less dilation of the upper urinary tract'* compared with bladder reflex triggering and
bladder expression. Bladder reflex triggering has also been associated with a higher risk for symp-
tomatic autonomic dysreflexia after controlling for SCI level in a Japanese, multicentre, retrospective
study on 571 SCI patients with level T6 or higher SCI.!34

Longer follow-up studies have confirmed the deleterious effect on renal function when using bladder
reflex triggering and bladder expression. Chang and colleagues performed a cross-sectional study on
SCI patients from the 1976 Tangshan earthquake. There were 74 patients who used bladder expression
regularly after discontinuing indwelling catheter. Bladder expression (Valsalva) was performed 5 to
7 times per day and voided volumes were reported as 300 mL to 400 mL. The authors reported that
half of these patients had a residual volume larger than 300 mL, pyuria was present in 82%, urinary
lithiasis in 31%, ureteral dilatation in 60%, hydronephrosis in 35%, and renal damage in 16%. Risk
for ureteral dilation, hydronephrosis, and renal damage was higher in men compared with women.!?>

A Danish retrospective review of SCI patients reported on renal function using renography and
51Cr-EDTA plasma clearance while assessing on multiple variables including bladder management
with a mean of 45 years of follow-up. One hundred and sixteen patients were included in the study,
wherein the bladder-emptying methods used for the longest period were reflex triggering (63%), blad-
der expression (22%), indwelling catheter (5%), normal voiding (4%), ileal conduit (3%), and IC (2%).
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The cumulative risk for moderate renal deterioration was 58% and severe deterioration 29%, with
no difference among different bladder management techniques; however, almost all patients used
triggering or expression. Renal deterioration risk was increased in patients with dilated upper tracts
and those with nephrolithiasis requiring surgical intervention. Although the authors were not able
to investigate the effect of hypertension and diabetes mellitus as contributors to renal deterioration,
85% of these patients performed either bladder reflex triggering or compression.!*

4.5.3 Risks and complications

Bladder reflex emptying and bladder expression are considered conservative bladder management
that is associated with increased complications in the lower urinary tract and upper tracts, and
with renal function with possible deleterious systemic effects.!’s Safety parameters on these bladder-
emptying methods rely on a low intravesical storage pressure environment to avoid damage to the
upper tracts and preserve renal function with a satisfactory emptying of the bladder.

Although IC is the gold standard for bladder management in the acute and chronic phases of neuro-
genic bladder, reflex bladder emptying and expression are still commonly used'?! despite their chronic
deleterious effects previously described!*>136 and acknowledged in prior systematic reviews.!15120.121
Bladder expression and triggered bladder voiding are associated with adverse events including upper
tract urinary damage, renal deterioration, urinary tract infections, lithiasis, autonomic dysreflexia,
worsening urinary incontinence, and loss of bladder compliance.5115120

High bladder pressure is not only a problem that occurs sporadically at the time of voiding but also
a serious common effect that could be present during the storage phase or every time the patient
leaks. In 1981, McGuire and colleagues in a landmark publication reported the association between
a high DLPP and serious adverse urologic events. They reported that 81% of patients with DLPP >40
cm of water had ureteral dilatation and 68% had vesicoureteral reflux, whereas only 10% of those
with low DLPP had ureteral dilatation and none of them had vesicoureteral reflux.’” The duration of
bladder contraction and overall cumulative time of high detrusor pressure potentially transmitted to
the upper tracts are also an important variable when evaluating bladder expression or reflex trigger
contraction.!3#

High bladder pressures can be generated if the outlet fails to open; there are several methods to
address this in select patients where catheter management is not possible. Alpha-blocker medica-
tion, BoNT injection to the bladder neck or external sphincter, bladder neck incision, or sphincter-
otomy can promote low-pressure voiding in patients using bladder reflex triggering, with varying
success.?* OnabotulinumtoxinA sphincter injection was found to decrease PVR, improve maximal
urethral pressure (MUP), and decrease DSD compared with lidocaine injection in a small, random-
ized, double-blind study by de Séze and colleagues.!** Pharmacotherapy with alpha blockers has also
proven to improve symptoms based on a validated questionnaire and MUP at 8 weeks compared
with placebo in a randomized, double-blind, placebo-controlled trial in 244 patients with suprasa-
cral injury. At 1 year, about half of the patients had follow-up data, and this showed that 71% had a
significant improvement in their symptoms compared with baseline."*! Urodynamic parameters and
follow-up with imaging are fundamental to guaranteeing safe bladder pressures and assessing the
outlet when using bladder expression or bladder reflex triggering. Even patients with sacral SCI with
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a non-contractile bladder and open bladder neck can present with a contraction at the level of the
external sphincter (membranous urethra). This has been described at the time of bladder expression
during fluoroscopic imaging of the voiding phase.#2

Adequate emptying is not always achieved when using bladder reflex triggering or bladder expres-
sion even without outlet obstruction, and a large postvoid residual can be associated with recurrent
UTIs, urinary lithiasis, and overflow urinary incontinence. Urinary incontinence is frequently a
problem with this bladder management method due to the presence of involuntary bladder contrac-
tions resulting from other unplanned stimulus, and thus men often need an external device such as a
condom catheter, making this a less favourable approach for female patients, who have no equivalent
option.

Other rare severe adverse events such as rupture have been described in particularly vulnerable
patients. Reinberg et al. published a case report of renal rupture associated with bladder expression.#?

45.4 Conclusions

= Bladder expression and triggered bladder voiding are associated with adverse events including upper tract urinary damage,
renal deterioration, UTls, lithiasis, autonomic dysreflexia, worsening urinary incontinence, and loss of bladder compliance.
[LOE 2 and 3]

= Bladder expression has some role in those patients with sacral SCI when there is confirmed compliant, non-contractile bladder
and urethral sphincter with an open bladder neck. [LOE 3]
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45.5 Recommendations

= Clinicians should recommend intermittent catheterization as the preferred method of bladder management rather than bladder
expression or triggered bladder voiding. [LOE 3; GOR B]

Clinicians should not recommend bladder expression (in sacral SCI) or triggered bladder voiding (in suprasacral SCI) if any
of the following urodynamic findings are present: small bladder capacity, high leak point pressure, low bladder compliance,
vesicoureteral reflux at any point of the study, closed bladder neck during voiding, or high voiding pressure. [LOE 3; GOR B]

Clinicians should ensure that patients opting for a program of bladder expression or reflex voiding have the physical and
mental capacity as well as the social support to accomplish this program and follow up reliably for continuous renal and
bladder assessment. [LOE 4; GOR B]

Clinicians should counsel patients who are considering bladder expression or triggered bladder voiding about adverse
outcomes including upper tract urinary damage, renal deterioration, UTIs, lithiasis, autonomic dysreflexia, worsening urinary
incontinence, and loss of bladder compliance. [LOE 3; GOR B]

Surgeons should offer medical or surgical intervention to open the bladder neck when there is high voiding pressure, in a
patient interested in pursuing bladder expression or triggered bladder voiding. [LOE 3; GOR B]

Medical management with the use of oral pharmacotherapy is the mainstay of symptomatic and
pressure management in neurogenic bladder dysfunction (NBD). Despite its importance, there have
been few changes in the agents available, and there is sparse literature applicable to the neurogenic
population in general or the SCI population in particular. Most evidence is from the overactive blad-
der (OAB) population, who are neurologically intact. Indeed, in many countries, these medications
have approval by regulatory authorities only in the OAB group, and physicians frequently employ
oft-label use of these medications for SCI patients.

4.6.1 Medications promoting storage

4.6.1.1 Anticholinergics

The most commonly used pharmacotherapy in NBD is anticholinergic therapy. Anticholinergic (or
antimuscarinic) agents are the most widely cited therapy in international guidelines'446 and have
been used for the longest, in both the adult and pediatric populations. Commonly used agents are
summarized in Table 4-4.
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TABLE 4-4 Common Medications Promoting Storage

Propantheline

Up to 90 mg daily

Non-selective
antimuscarinic

Constipation, dry mouth, tachycardia,
hypersensitivity to light

Dry mouth, dry eyes, constipation,

] IR 5-30 mg Non-selective : 3
Oxybutynin divided TID e headache, §I§ep disturbance, diarrhea,
worst cognitive
Slower breakdown Dry mouth, dry eyes, constipation,
Oxybutynin ER of the capsule allows ~ headache, sleep disturbance, diarrhea,
slower release worst cognitive
Bypasses first-nass Skin irritation, dry mouth, dry eyes,
) Oxybutynin Patch hgpatic metabé)lism constipation, headache, sleep disturbance,
Non-selective P diarrhea, worst cognitive
anticholinergics
IR 2—8 mg divided . -
. BID: Non-competitive Dry mouth, dry eyes, constipation,
Tolterodine ' : L - .
antimuscarinic headache, sleep disturbance, diarrhea
ER 2—-8 mg/day
. . Dry mouth, dry eyes, constipation,
. . qucmm RIS headache, sleep disturbance, diarrhea,
Propiverine Up to 90 mg daily  with moderate D .
S restlessness, dizziness, vertigo, speech
anticholinergic effects .
disorders
Quaternary ammonium -
Trospium Upto 60 mg daily  derivative with Dry mouth, dry eves, dry nose, constipation,
. i, . headache, sleep disturbance, diarrhea
antimuscarinic action
Selective Solifenacin/ Up to 10 mg daily/ . Constipation, headache, dizziness, dry eyes,
S ; . . M3 antagonist
anticholinergics ~ Darifenacin up to 15 mg daily dry mouth
Beta 3 agonists ~ Mirabegron Up to 100 mg daily  Beta 3 agonist Increase in HR (typically 1-2 bpm) increase

in BP, rarely severe hypertension

Alpha-receptor

Postural hypotension, retrograde

Alpha blockers  See Table 4-5  See Table 4-5 blockade at alpha 1a ; ] "
ejaculation, floppy iris syndrome
receptor and alpha 1d
ol . Anticholinergic and . . L .
Tricyclic anti- Imioramine Un to 45 ma dail serotonin reuntake Dizziness, drowsiness, constipation, vision
depressants P P g datly p disturbance, sleep disturbance, dyspepsia

inhibitor

BID: two times a day; BP: blood pressure; bpm: beats per minute; ER: extended release; HR: heart rate; IR: immediate release; TID:

three times a day.

Anticholinergics are now formulated in a selective form, with greater potency for the M3 muscarinic
receptor. This has improved the side-effect profile. Pharmacologically the contraction of the bladder
is driven by parasympathetic stimuli and more specifically, the acetylcholine stimulation of musca-
rinic receptors. These receptors are found in both the mucosa and the detrusor muscle.” M2 and M3
receptors are the predominant antimuscarinic receptors found in the bladder, with the M3 receptors
playing a larger part in bladder contraction, despite being outnumbered in quantity.#8 Hence, it is the
M3 receptor that is targeted. Antimuscarinics exert their action by competitively competing for the
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M1 (found extravesically) and M3 receptors at their post-ganglionic sites. This leads to impairment
or diminution of the involuntary contractions of the bladder through blockade of this acetylcholine-
stimulated receptor.

Anticholinergic medications have been shown to improve subjective symptoms of urgency, frequency,
and incontinence or lead to cure in patients with SCI (RR: 2.80; 95% CI: 1.64-4.77; anticholinergic
63% vs placebo 22%).14>150 They have also been proven to change objective urodynamic measures, by
increasing cystometric capacity (by 49.79 mL; 95% CI: 15.38-84.20'°%15), increasing the mean volume
at first detrusor contraction by 50 mL and lowering the detrusor pressure at the strongest contraction
by 38.3 cm H,0.14%150 These alterations in urodynamic parameters are critical to neurogenic bladder
management in the prevention of upper tract deterioration by maintaining the detrusor leak point
pressure and bladder compliance within safe limits.

Patients performing IC with neurogenic bladder also show significant improvement with the use of
anticholinergic medications. This has been demonstrated by improvements in urodynamic bladder
compliance, and decreases in hydronephrosis (23% vs 3%) and febrile UTIs (27% vs 11%).12

Anticholinergic medications often come in extended-release and immediate-release preparations.
The efficacy of extended-release preparations is slightly better, but where these have the advantage is
in greatly decreased side effects.!*

There are many types of anticholinergic medications available worldwide. We will discuss oxybu-
tynin, propantheline, tolterodine, fesoterodine, trospium, solifenacin, and darifenacin. Dosing, phar-
macology, and side-effect profile of these commonly used preparations are presented in Table 4-4.

Oxybutynin is the most widely available anticholinergic agent. It acts on the M1, M2, and M3 recep-
tors.!5* Oxybutynin is formulated in immediate-release, extended-release, and transdermal patch
and gel preparations. Immediate-release oxybutynin (5-mg tablets given three times a day) is rapidly
absorbed from the gut and reaches peak tissue levels in 30 to 60 minutes. Extended release (ER)
relies on slow breakdown of the capsule and hits peak tissue levels in 11 to 13 hours (5-30 mg, tablet
form).155

Transdermal applications bypass the gastrointestinal system and hit a steady-state level after the first
application after about 3 days. The transdermal and extended-release applications are not more effica-
cious in treatment, but are better tolerated and have fewer side effects. Intravesical oxybutynin, which
is prepared by crushing the tablets and dissolving them in sterile solution by the patient or caregiver,
has been proven to work at 5 mg/30 mL three times a day.'>* The use of botulinum toxin A has largely
superseded intravesical use of oxybutynin, but in some centres, the intravesical option represents a
cost-effective method of oxybutynin administration with an improved side-effect profile.

The evidence for the efficacy of oxybutynin is excellent.!5¢157 It has been proven to help symptoms,
urodynamic parameters (compliance and bladder pressures), catheter blockages if catheter depen-
dent, and continence. Many other antimuscarinics have been used, all with an aim to improve the
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side-effect profile of oxybutynin. Common side effects experienced by patients using oxybutynin in
oral immediate release (IR) form are dry mouth (up to 70%), dry eyes, constipation, headache, sleep
disturbance, and diarrhea. Cognitive side effects are a particular issue with oxybutynin ER.

Individual anticholinergic agents have their own specific pharmacological properties (Table 4-4).
Propantheline blocks both the muscarinic and nicotinic receptors of acetylcholine. It does not appear
to affect the central nervous system. Cognitive side effects are prominent with oxybutynin. The half-
life of propantheline is 2.2 to 3.7 hours, and it can cause neuromuscular blockade in high doses.!*8
The dose of propantheline is 7.5 mg to 30 mg three times a day.

Tolterodine and fesoterodine are selective for the M2 and M3 receptors and have a greater affinity
for the bladder and a lower affinity for the parotid gland compared with oxybutynin.!* Fesoterodine
is the first metabolite of tolterodine. Tolterodine has both an immediate-release formulation and an
extended-release formulation. The dosing is 2 mg to 8 mg BID for IR and 2 mg to 8 mg daily for ER.
Prolonged QT interval found on electrocardiogram (ECG) monitoring is a significant side effect and
is dose dependent for tolterodine, which has limited its approval in some countries. But the newer
fesoterodine does not have this side effect, hence dosage can be increased safely from 4 mg to 8 mg.

Trospium is unique, in that as a quaternary amine, it should not cross the blood-brain barrier.
This limits the adverse cognitive effects usually associated with anticholinergic agents. Trospium
is primarily renally excreted (80%), and it works on muscarinic receptors to acetylcholine with no
nicotinic activity. It should be taken on an empty stomach and peaks in concentration at 6 hours. It
is equivalent in efficacy to oxybutynin when assessing the maximum cystometric bladder capacity,
maximum voiding detrusor pressure, bladder compliance, and residual volume.!%

The introduction of selective agents for the M3 receptor, solifenacin and darifenacin, has improved
tolerability, but not always with improvements in efficacy. These agents are extremely selective for
the M3 receptor compared with traditional antimuscarinics. The SONIC trial'>*¢ compared 4 weeks
of solifenacin against placebo or active treatment (oxybutynin). It was not powered to look for supe-
riority over oxybutynin, but it demonstrated modest benefit over placebo in efficacy endpoints and
improvements in patient-reported outcomes and side effects, compared with oxybutynin.

4.6.1.2 Beta 3 agonists

The only non-anticholinergic bladder relaxant to improve storage available is mirabegron (Myrbetriq™
in USA and Betmiga™ in Europe) (Table 4-4). Mirabegron works on the beta 3 adrenergic receptor
and enhances bladder relaxation via the sympathetic pathway. It has a slower onset of action than
agents that competitively inhibit contraction, as anticholinergic drugs do. Of the adrenergic recep-
tors in the bladder, 97% are beta 3.16° Stimulation of this receptor has been demonstrated to show
relaxation of the detrusor muscle.!s! Doses between 25 mg to 50 mg per day of mirabegron have been
shown to improve symptoms in patients with non-neurogenic OAB.1®2 There are currently no RCTs
for mirabegron in neurogenic bladder patients. A recent retrospective series in the SCI population
has shown improvements in urodynamic parameters including bladder capacity (from 365 mL to
419 mL) and compliance and decrease in catheterization frequency (from 8.1 to 6.4 per 24 hours) and
incontinence episodes.!”” Further studies are imminent.
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Hence mirabegron has advantages in terms of side-effect profile, but there is as yet limited evidence
as to its efficacy in NBD. In the SCI population, there is insufficient current evidence to recommend
mirabegron over agents such as oxybutynin. Mirabegron has a distinctive advantage in those neuro-
genic patients with a movement disorder, such as Parkinson’s disease, where anticholinergic use is
best avoided.

4.6.1.3 Alpha blockers

Alpha blockers also have a role in treating storage symptoms in patients with neurogenic bladder.
They cause relaxation of the trigonal bladder and bladder neck.!*s They have been demonstrated to
decrease the intravesical pressure at the maximum capacity of the bladder by 36 cm H,0."** Alpha
blockers have also been shown to decrease detrusor overactivity on urodynamic studies.'*® Tamsulosin
is becoming a key player in multi-pharmaceutical treatment of NBD. Tamsulosin has the dual action
of blocking both alpha 1a receptor and alpha 1d. McGuire and Savastano initially postulated the
potential for such combination treatment in primates many years ago.!*

4.6.1.4 Other relaxing agents

Tricyclic antidepressants have been shown to work as both an antimuscarinic and a serotonin reup-
take inhibitor. There is good evidence for their use in the pediatric population, but their side-effect
profile and cardiac toxicity makes them less useful in the adult population.!s!

Dantrolene and baclofen, agonists of the GABA B receptor and facilitators of storage, have limited
use due to their side-effect profile. The severity of the side effects of these drugs has limited their use
for neurogenic bladder. However, when used for other indications, there may be some corresponding
improvement in bladder symptoms.

4.6.1.5 Combination treatment

In attempting to maximize bladder relaxation via multiple pathways, combination therapy with an
alpha blocker and anticholinergic,'s* or using a tricyclic, such as imipramine as a bladder relaxant
with anticholinergic,'s* or even using triple therapy of imipramine with anticholinergic and alpha
blockers!®> may improve pressure and symptoms.

The evidence for this is based on the improvement of symptoms in patients with non-neurogenic
bladder outflow obstruction treated with both alpha blockers and anticholinergics,'s? as opposed to
alpha blockers alone. There is also an SCI primate model'® demonstrating the efficacy of combi-
nation therapy. Using different pharmacological pathways has the advantage of not increasing side
effects that would be seen with increasing doses of anticholinergics in particular.

Whether this approach is warranted and tolerable in the era of botulinum toxin A injections is ques-
tionable. However, in situations where moving to chemical denervation is unwanted or unachievable,
there may now be a role for a new triple-combination therapy for pressure management using an
anticholinergic, beta agonist, and alpha blocker.
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This approach has not been extensively studied, though it is in use in many SCI units worldwide.
There is animal data supporting the role of antimuscarinics and beta agonists in improvement of
bladder parameters including elevating the bladder elastin level, reducing nonvoiding contractions,
and increasing bladder compliance in SCI rats.163

It should be noted that there is a high risk for iatrogenic injury in these SCI patients with medica-
tions. Combinations such as beta agonists and alpha blockers have vasoactive side effects, and caution
needs to be exercised where other agents such as phosphodiesterase inhibitors may also be in use.
Many of these patients have a considerable polypharmacy. Cognitive impairment has been linked
with the long-term use of anticholinergics.!6¢ Simple and safe medical therapy is crucial.

4.6.1.6 New/investigational agents

Owing to the side-effect profile of anticholinergic agents, there is much ongoing research into more
efficacious and better-tolerated bladder relaxants. Vardenafil has been demonstrated in animal data
to reduce nonvoiding contractions in spinal cord-injured rats.'®* Tadalafil has been shown in an
experimental model using strips of donated human bladder and prostate to further enhance the
tamsulosin-induced reduction of contraction.!s’ Vardenafil has been shown to improve cystometric
capacity and lower maximum detrusor pressures.'s” Inosine in vitro, probably via a sensory mediated
mechanism, improves neurogenic overactivity in a rat model.166

4.6.1.7 Medication failure in bladder pressure management

Medication can fail due to intolerable side effects, not achieving reductions in urodynamic param-
eters, or failure to resolve symptoms. When oxybutynin fails, the side effects typically limit it being
prescribed in higher doses, and hence changing to a different preparation or different medication
is required. Depending on local availability and cost, options include using the oxybutynin patch,
using the slow-release oral formula, or changing to a selective agent such as solifenacin. If the side-
effect profile is predominantly anticholinergic (dry mouth, dry eyes, constipation), then changing to
a beta agonist can be trialed, but in the presence of adverse urodynamic parameters this would need
to be closely monitored with urodynamics, given there is as yet sparse data on the effective use of beta
agonists in NBD. A schema for management of medication failure is presented in the algorithm for
management of neurogenic bladder dysfunction in SCI (see Figure 4-1).
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F|GU.RE 41 ' High PVR requiring CIC + detrusor With autonomic
Algorithm for Medical overactl\g%v and/gr pm;r compliance. dysreflexia:
Management of SCI. 01age Symproms Antimuscarinics at
\L maximum tolerable
Antimuscarinic at maximum Intolerable || Consider beta-3 agonist dose and strongly
tolerable dose' side effects consider
combination with
\L \L alpha blocker
Effective and Persistent -
monitor incontinence or Effg::;lnvi(te;nd
poor compliance

'/ \\ Alpha blocker and consider adding

Add beta-3 agonist OR imipramine? if low risk for cardiac
+ alpha blocker I/ complications and younger than 75 y/o

Persistent incontinence

*Storage symptoms: urgency, frequency, urgency

or poor compliance

N2

Botulinum toxin

incontinence, and nocturia.
TRecommended starting dose 10 mg po BID-TID

Surgery: urinary
diversion or bladder
augmentation*

ybutynin or change to selective or different
preparation if required for side-effect
management.

*Surgery can be warranted at any stage of

~L medication failure. Its specific role is discussed
in more detail in Chapter 5.
Persistent incontinence or Abbreviations:
poor compliance BID: twice a day; o
J CIC: clean intermittent catheterization;
" . po: per os (by mouth; orally); PVR: postvoid

Botulinum toxin 300 U residual urine volume;
TID: three times a day;

U: units;
y/o: years old.

For patients with failure to control urodynamic parameters or symptoms, combination therapy with
addition of a beta agonist to an anticholinergic, with or without an alpha blocker, can be tried, but
ultimately, they may be best served with treatment with botulinum toxin A.

4.6.2

4.6.2.1 Facilitating emptying by reducing outlet resistance

The role of medical therapy for DSD and decreasing sphincter tone is likely to be insufficient to
preserve upper tract function or produce voiding in the SCI patient who cannot void. However, some
advantage can be obtained in patients who void without mechanical assistance. There may also be
instances where lowering outlet resistance helps facilitate catheterization, but there is no specific data
demonstrating the use of agents such as alpha blockers in this instance. Alpha blockers may play a
role in facilitating emptying by reducing outlet resistance. Tamsulosin has been shown to decrease
postvoid residuals and increase flow rate in a population with MS.1671¢8 There are many alpha block-
ers available and the common ones are presented in Table 4-5. It is noteworthy that symptoms of
autonomic dysreflexia improve in the SCI population with the use of alpha blockers. Of individuals
with injuries above T6, 44% had improvement in AD symptoms on terazosin.!¢8

Medications facilitating emptying
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TABLE 4-5 Alpha-Blocker Medications

Alpha blockers: Rhinitis, postural hypotension, dizziness, abnormal ejaculation, floppy iris syndrome
Alfuzosin 5-10 mg daily Less ejaculatory problems and less dizziness/postural hypotension

Doxazosin 2—8 mg daily Most dizziness and postural hypotension—need dose escalation

Tamsulosin 0.4—0.8 mg daily High rate of ejaculatory problems

Terazosin 2-10 mg daily Most dizziness and postural hypotension—need dose escalation

Silosodin 8 mg daily Lowest rate of ejaculatory problems and hypotension

4.6.2.2 Facilitating bladder emptying by promoting contraction

No agent (e.g. Bethanecol) has been shown to effectively facilitate bladder emptying by promoting
contraction,*’ and these agents can have cardiovascular side effects and could potentiate autonomic
dysreflexia, as they do not promote coordinated voiding.

4.6.2.3 Increased sphincter tone

There is a very limited role for pharmacotherapy in prompting continence in patients with intrinsic
sphincter deficiency secondary to NBD. Duloxetine and alpha agonists have been tried in the non-
neurogenic population with some success but at the expense of side effects.’®* Estrogen may be used
to reverse any coincident atrophic changes in post-menopausal women with SCI, but even in the
non-neurogenic population its role in stress incontinence is limited.!”°

4.6.2.4 Decreased urine production

Desmopressin (DDAVP) has been used to minimize the amount of nocturia in patients with neuro-
genic bladder. Patients with nocturnal polyuria were shown to decrease the need for catheterization
overnight. This has only been shown in small numbers and requires close monitoring.!”!
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4.6.3. Conclusions

Anticholinergics improve bladder capacity, incontinence, lower urinary tract symptoms, bladder compliance, and reduce
upper tract complications in patients with SCl who manage their bladder with either IC or indwelling catheters. These are the
mainstay of symptom and pressure management in SCI neurogenic bladder dysfunction. [LOE 1]

Oxybutynin has been the most studied in SCI, but all anticholinergics have been proven to be non-inferior to oxybutynin, and
the extended-release formulations have fewer side effects. [LOE 1]

= The use of mirabegron as an alternative or its addition to anticholinergics shows promise that requires validation. [LOE 3]

Alpha-adrenergic blockers have been used with some modest success in SCI patients to not only facilitate those already
voiding, but also increase capacity and compliance in combination with anticholinergics. [LOE 3]

Nocturnal polyuria has been treated successfully with desmopressin in small studies with SCI patients, but further studies are
warranted. [LOE 3]

There are no pharmaceutical agents available to aid bladder contraction in patients with flaccid bladder. [LOE 4]

4.6.4. Recommendations

= Clinicians must consider the use of anticholinergics in all SCI patients with NBD symptoms or worrisome urodynamic findings.
[LOE 1; GOR A]

Clinicians should consider the use of mirabegron as an alternative in patients who fail anticholinergics; or it may be used in
combination. [LOE 2; GOR B]

Less frequently used agents such as tricyclic antidepressants may have a role in specific scenarios and in combination
therapy. [LOE 3; GOR C]

Tamsulosin or other adrenergic blockers may be used to improve capacity and compliance in combination with
anticholinergics. [LOE 3; GOR C]

All medications, particularly combination therapy, should be prescribed with care due to the risk for polypharmacy and
cognitive impairment in this group of patients. [LOE 3; GOR B]

When oral medical therapy fails, clinicians should avoid drug “cycling”; rather, clinicians must consider alternative treatment
such as botulinum toxin [LOE 2; GOR A] or surgical reconstruction. This schema is represented in Figure 4-1.
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471 Botulinum toxin for the spinal cord-injured bladder

Failure of anticholinergic medications in SCI neurogenic bladder dysfunction management has
spurned the development of second-line treatments, including the use of BoNT. It should be remem-
bered that the majority of data on botulinum toxin injection for NDO is from the two groups of
patients, SCI and MS, included in the registry trials for regulatory approval.

4711 Formulations

Various commercial formulations of botulinum toxin (BoNT) are being used worldwide, both on-
and off-label (Table 4-6). Only four commercial preparations are licensed for use in the United States:
onabotulinumtoxinA (onaBoNTA), abobotulinumtoxinA (aboBoNTA), incobotulinumtoxinA, and
rimabotulinumtoxinB (rimaBoNTB). Each has a revised name designation to reinforce the concept
that each BoNT product has an individual efficacy and potency that is unique from other formula-
tions. In fact, the US Food and Drug Administration (FDA) mandates a “black box warning” on all
BoNT products, attesting that each preparation is unique and not interchangeable.

TABLE 4-6 Available Commercial Formulations of Botulinum Toxin

OnabotulinumtoxinA Botox® Allergan, USA Botulinum toxin A

AbobotulinumtoxinA Dysport® Ipsen, UK Botulinum toxin

IncobotulinumtoxinA Xeomin® Merz Pharma, Germany Botulinum toxin

BTX type A Prosigne® Lanzhou, China Botulinum toxin A

RimabotulinumtoxinB Myobloc® Solstice Neurosciences, USA  Botulinum toxin B
4.71.2 Mechanism of action

The primary effect of BONT on the bladder is to inhibit acetylcholine release from parasympathetic
nerves, resulting in a decrease in neurogenic detrusor overactivity and incontinence episodes, and an
increase in bladder capacity (Figure 4-2). A more complete neuromuscular blockade of the detrusor
results in impaired voiding and/or urinary retention if relatively larger doses of BONT are used."” The
efficacy of BoNT in conditions of detrusor overactivity not only may result from an inhibitory effect
on the detrusor muscle, but also some effects of the drug may be mediated by altering the afferent
(sensory) input. Acetylcholine released from urothelium and acting on nearby muscarinic recep-
tor populations (i.e. urothelium or afferent nerves), or neuronal sources of acetylcholine binding to
muscarinic receptors within urothelium or afferent nerves could have a significant impact on bladder
sensory input to the central nervous system and may be impacted by BoNT treatment.
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FIGURE 4-2
Parasympathetic nerve
terminal within the bladder
depicting mechanism of
action of botulinum toxin:

A: binding of toxin heavy
chain to specific receptor
and internalization of toxin
within the nerve terminal;

B: translocation of light chain
into cytosol;

C: inhibition of
neurotransmitter release
by cleavage of specific
SNARE (Soluble NSF
Attachment Protein
Receptor) proteins. A to G,
botulinum toxin serotypes.

Reprinted with permission
from Dr. Christopher Smith.

In addition, recent basic and clinical evidence suggests that BON'T may have sensory inhibitory effects
unrelated to its actions on acetylcholine release. For example, an in vitro model of mechanoreceptor-
stimulated urothelial adenosine triphosphate (ATP) release was tested in SCI rat bladders to deter-
mine whether intravesical botulinum toxin A administration would inhibit urothelial ATP release,
a measure of sensory nerve activation.'”? The results demonstrated that hypo-osmotic stimulation of
bladder urothelium evoked a significant release of ATP that was markedly inhibited by BoNT. This
suggests that impairment of urothelial ATP release may be one mechanism by which BoNT reduces
detrusor overactivity. Botulinum toxin has also been shown to inhibit release of neuropeptides such
as calcitonin gene-related peptide, a substance thought to play a role in overactive bladder conditions
such as sensory urgency or chronic bladder inflammation (i.e. interstitial cystitis).'7417>

Successful BONT treatment for overactive bladder is associated with a significant decrease of transient
receptor potential vanilloid 1 (TRPV1) and/or P2X3 in suburothelial sensory nerve fibres.!”® These
changes may reflect a direct effect of BONT on the afferent innervation of the bladder or may occur
as a secondary effect to the action of BONT on the efferent innervation of the detrusor. Intravesical
BoNT injection has even been shown to reduce nerve growth factor content in the bladder tissue
of patients with NDO.!”7 The result of this action of BONT could decrease the hyperexcitability of
C-fibre bladder afferents, thereby reducing neurogenic detrusor overactivity.

In summary, the exact mechanism by which BoNT acts in conditions of NDO has not been fully
elucidated. It likely modulates bladder function by acting on multiple transmitter/growth factor/
receptor systems that all use SNARE (Soluble NSF Attachment Protein Receptor) protein-dependent
pathways for release or expression.
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471.3 Injection technique

Sterile cystoscopic preparation should be performed with standard antibiotic coverage for a minor
cystoscopic procedure. Urinalysis should be negative at the time of the procedure (if the patient
has a history of chronic bacteriuria, appropriate preoperative antibiotic coverage is indicated).
Anticoagulation medicine should be stopped for at least 3 days before injection when possible.
Both rigid and flexible cystoscopic techniques work well without an apparent difference in clinical
outcomes; however, most male patients cannot tolerate rigid cystoscopy in the office due to discom-
fort. Surgeon preference and institutional practice usually decide which technique is used. Flexible
cystoscopy is most commonly performed in the office for the majority of cases to minimize cost to
patients. However, the rigid scope allows for easier orientation within the bladder compared with a
flexible cystoscope.

The FDA approved 200 units (U) of onaBoNTA for NDO. Based on our experience, if the results are
suboptimal, we will increase the bladder injection dosage to 300 U in select cases before considering
augmentation. In cases of impaired muscle contraction/respiration, our starting dose of onaBoNTA
is lowered to 100 U. Pediatric patients start with a 100 U dose of onaBoNTA, although others have
described doses up to 12 U/kg, similar to doses given in other neuropediatric populations.'”® Typical
doses in adult patients treated with aboBoNTA range from between 500-1,000 U, and for rimaBoNTB
range from between 2,500-15,000 U (5,000 U is most common).

It should be emphasized that no standardized injection technique exists for botulinum toxin A
(BoNTA) injection in lower urinary tract tissues. Different bladder injection paradigms have been
described (i.e. trigone vs trigone sparing), although none has been proven by a large, randomized
clinical trial to be superior to the other. All LOE 1 studies have avoided trigone injection presum-
ably because of the inherent risk of developing vesicoureteral reflux, although several studies have
disproven this risk.!”?-181 We usually inject 1 mL per site (10 U onaBoNTA/mL); therefore, for exam-
ple, if we are using 200 U, there will be approximately 20 injection sites. In this case, we would take
two bottles of 100 U of onaBoNTA and dissolve each bottle in 10 mL of preservative-free saline.

The bladder volume is typically kept at 150 mL to 200 mL, and blood vessels are avoided during injec-
tion. The first observable change is in urgency, frequency, and incontinence after 4 to 7 days, and all
variables improve significantly after 4 weeks.!s2

4.71.4 Clinical results

The use of onaBoNTA in the urinary bladder was first described in manuscript form by Schurch
and colleagues, who demonstrated a significant increase in mean maximum bladder capacity
(296-480 mL, p<0.016) and a significant decrease in mean maximum detrusor voiding pressure
(from 65 to 35 cm H,O, p<0.016) in 21 patients with detrusor overactivity who were injected with
onaBoNTA.183 Seventeen of nineteen patients were completely continent at 6 weeks’ follow-up and
were very satisfied with the procedure. Interestingly, baseline improvement in urodynamic param-
eters and incontinence persisted at 36 weeks in the follow-up of 11 patients. In the largest clinical
series presented to date, a multicentre retrospective study examined 200 patients with neurogenic
bladder treated with intravesical onaBoNTA injections.'$* At both 3- and 6-month follow-up, mean
cystometric bladder capacity increased and mean voiding pressures decreased significantly.
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A strong impetus driving industry-sponsored clinical trials examining the effects of BONTA on
NDO was provided by the first randomized, placebo-controlled trial examining the effects of two
doses of onaBoNTA (i.e. 200 or 300 U) versus saline injection on various parameters, including
urodynamic measurements and urinary incontinence episodes.!”? Significant decreases in incon-
tinent episodes (~50%), significant increases in maximal cystometric capacity (~170-215 mL), and
significant improvements in QOL scores were demonstrated in both onaBoNTA treatment groups
compared with controls. Beneficial effects lasted the duration of the study (6 weeks). The study was
not powered to detect statistical differences between the two onaBoNTA doses injected. Importantly,
no safety concerns related to adverse events from onaBoNTA treatment were reported.

Since that time, five other LOE 1 studies have demonstrated clinical efficacy of onaBoNTA for neuro-
genic detrusor overactivity in NBD patients (MS and/or SCI).!8518 The primary efficacy is described
in Table 4-7. Three studies showed an approximately 60% reduction in urge incontinence episodes
with 200 U of onaBoNTA and significant improvements over the placebo group.#>18” There were no
significant differences between the 200 U and 300 U groups regarding primary efficacy. A recent
post-hoc analysis found that the beneficial effects of onaBoNTA were similar between both MS and
SCI patients, except that a larger placebo effect was observed in MS patients and a greater magnitude
of reduction in maximum detrusor pressure was found in SCI patients.'*® The larger reduction in
bladder pressure in SCI patients was attributable to their higher baseline values. Median duration of
response with onaBoNTA from a long-term extension trial was 9 months for the 200 U dose.!*! Fifty-
two percent of patients responded for 6 to 12 months, 22% for less than 6 months, and 26% of patients
had clinical benefit for more than 1 year. The lone LOE 1 study examining the effects of aboBoNTA
versus placebo found much greater reductions in incontinence episode frequencies (IEFs) in both
aboBoNTA injection groups, but the difference between each aboBoNTA group and its comparable
placebo group did not reach statistical significance.'s

TABLE 4-7 Changes in Primary Efficacy From Botulinum Toxin Bladder Injection in 6
LOE 1 Studies

Reference Patlent_ Treatment Prl_mary
population efficacy

Placebo, 200 U Reductions in Ul

ol w0y T
onaBoNTA

Significant reductions in Ul compared with
baseline in all time points of both onaBoNTA
groups except 200 U group at weeks 12 and 18

59 pts (53

Schurch et al172 SCI. 6 MS)

2,6,12,18,24
# of daily Ul on 57% decrease in median daily Ul episodes in
Herschorn et al 27C|pt139(?v|83) ElnaacBe(t))ﬁ,TZAUO . 3-day diary at 300 U onaBoNTA group compared with 12.5%
! week 6 increase in Ul episodes in placebo group

Mean weekly Ul 59.7% decrease in 200 U and 69.9%
episodes at week  decrease in 300 U onaBoNTA groups,

6 compared with significantly greater than 36% decrease in
baseline placebo group

Placebo, 200 U
onaBoNTA, 300 U
onaBoNTA

275 pts (121

Cruz et al18s SCI, 154 MS)

aboBoNTA: abobotulinumtoxinA; IEF: incontinence episode frequency; MS: multiple sclerosis; onaBoNTA: onabotulinumtoxinA;
pts: patients; SCI: spinal cord injury; U: units; Ul: urinary incontinence.
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TABLE 4-7 Changes in Primary Efficacy From Botulinum Toxin Bladder Injection in 6
LOE 1 Studies, Contd

Reference Patient . Treatment Pn_mary
population efficacy

Placebo, 200 U Mean weekly Ul 63.9% decrease in 200 U and 73% decrease

Ginsberg et a8 g106| p2t287“,3|%) onaBoNTA, 300 U gpclgomdpeasrs(; VV\\I/?t?]k in 300 U onaBoNTA groups, significantly greater
' onaBoNTA baseli than 31.1% decrease in placebo group
aseline
) No significant difference in Ul between
Apostolidis et ali® 73 pts with %aocab%‘r%%g'u vassli(lggn?;ared any onaBoNTA groups versus placebo at
) SCl ' . . week 6. Significant difference between 200 U
onaBoNTA with baseline
group and placebo at week 30
No significant difference in IEF
between 15- or 30-injection aboBoNTA
Placebo 15 or and placebo.
42 pts (22 30 injections Mean daily IEF on . ) ) L
Denys et alee SCIp20 VS) and aboBoNTA day 84 compared ~ 76.2% decreaseom IEF in 15-injection
' 750U 15 or 30 with baseline aboBoNTA, 51.6% decrease in IEFin
injections 15-injection placebo, 100% decrease in |EF

in 30-injection aboBoNTA, 59.1% decrease in
30-injection placebo

aboBoNTA: abobotulinumtoxinA; IEF: incontinence episode frequency; MS: multiple sclerosis; onaBoNTA: onabotulinumtoxinA;
pts: patients; SCI: spinal cord injury; U: units; Ul: urinary incontinence.

Complete continence (dry rate) following BoONTA injection varied between toxin dosage and toxin
formulation, as well as the time point measured from the injection. At 6 weeks following injection, a
100% reduction in incontinence episodes from the FDA label dose of 200 U onaBoNTA ranged from
23.1% to 38%.!86-188 Two of three studies reported significant differences between 200 U onaBoNTA
dry rates and placebo dry rates. For 300 U onaBoNTA, dry rates ranged from 36% to 39.6% at 6 weeks
in two studies,'86187 while another study found a dry rate from 300 U onaBoNTA of only 10.7% at 24
weeks following injection.’®> The single LOE 1 study comparing aboBoNTA with placebo found no
statistical significant difference between complete continence rates in either 15-injection aboBoNTA
(64%) or 30-injection aboBoNTA (63%) and corresponding placebo groups (33% and 17%, respec-
tively) on day 84 after injection.!s?

The beneficial effects of onaBoNTA are limited not only to symptomatic improvements. Patients
with NBD often have high-pressure neurogenic detrusor overactivity that places their upper tracts
at risk for deterioration (hydronephrosis, reflux, or renal failure). Changes in urodynamic measures
from LOE 1 studies are listed in Table 4-8.17218>-189 Maximal cystometric capacity (MCC) increased
by approximately 60% in the 200 U onaBoNTA groups and increased by approximately 69% in
the 300 U onaBoNTA groups. Significant reductions in detrusor pressure, whether measured as
maximal detrusor pressure (MDP) or maximal detrusor pressure during first involuntary detru-
sor contraction (Py.ma.apc) were also reported following injection with both doses of onaBoNTA.
AbobotulinumtoxinA also demonstrated significant increases in MCC and significant reductions in
MDP compared with placebo, with greater changes observed with the larger injection template (30
vs 15 injections).

186 UROLOGIC MANAGEMENT OF THE SPINAL CORD INJURED PATIENT



TABLE 4-8 Changes in Urodynamic Parameters From Botulinum Toxin Bladder Injection in

6 LOE 1 Studies

Schurch et al172

Herschorn
et al18s

Cruz et al8s

Ginsberg
et al'®

Apostolidis
et ales

Denys et al18®

Placebo, 200 U
onaBoNTA,
300U
onaBoNTA

Placebo, 200 U
onaBoNTA

Placebo, 200 U
onaBoNTA,
300U
onaBoNTA

Placebo, 200 U
onaBoNTA,
300U
onaBoNTA

Placebo; 50 U,
100 U, or 200 U
onaBoNTA

Placebo 15 or
30 injections
and aboBoNTA
750U 150r

30 injections

Increased by 57.6% in
200 U, 72.4% in 300 U
onaBoNTA (increases
of 169 mL and 182 mL,
respectively) compared
with 17.7% increase in
placebo

Increased by 75.3% in
300 U onaBoNTA (increase
of 224 mL) compared with
10.7% decrease in placebo

Increased by 63.5% in
200U, 63.7% in 300 U
onaBoNTA (increases

of 157 mLand 157.2 mL,
respectively) compared with
2.6% increase in placebo

Increased by 59.9% in
200 U, 65.6% in 300 U
onaBoNTA (increases
of 151 mL and 168 mL,
respectively) compared
with 6.3% increase in
placebo

No clear dose-response
relationship, largest
increases in 100 U and
200 U groups

Increased by 53.3% in
15-injection aboBoNTA
and 71.8% in 30-injection
aboBoNTA (increases of
150 mL and 206.8 mL,
respectively) compared
with 4% and 9.3% increase
in comparable placebo
groups

Reduced by 57.7% in
200 U, 67.2% in 300 U
onaBoNTA (decreases of
44.4 ¢cm H,0 and 62.2 cm

H,0, respectively) compared

with 10.1% decrease in
placebo

Reduced by 45.8% in 300 U
onaBoNTA (decrease of
27.5 cm H,0) compared with
18.1% increase in placebo

N/A

N/A

N/A

Reduced by 43.9% in
15-injection aboBoNTA
and 51.9% in 30-injection
aboBoNTA (decreases

of 26.1 cm H,0 and 23.8

cm H,0, respectively)
compared with 11.8% and
30.9% increase in placebo
groups

N/A

N/A

Reduced by 55.1% in 200 U,
63.9% in 300 U onaBoNTA
(decreases of 28.5cm

H,0 and 26.9 cm H,0,
respectively) compared with
15.4% increase in placebo

Reduced by 68.4% in
200U, 70.7% in 300 U
onaBoNTA (decreases of
35.1 ¢cm H,0 and 33.3 cm
H,0, respectively) compared
with 4.7% decrease in
placebo

Linear dose response:
decreased by 2.1, 20.1, 29.4,
and 33 cm H,0 in placebo
and 50 U, 100 U, and

200 U onaBoNTA groups,
respectively

N/A

aboBoNTA: abobotulinumtoxinA; MCC: maximum cystometric capacity; MDP: maximum detrusor pressure; N/A: not available;
onaBoNTA: anabotulinumtoxinA; Pyemanc: maximum detrusor pressure during first involuntary detrusor contraction; U: units.

Quality of life improvements following BoNT injection in LOE 1 studies are summarized in
Table 4-9.172.185187189.192,193 The most commonly used measure was the validated Incontinence Quality
of Life (I-QOL) instrument. Both onaBoNTA and aboBoNTA studies showed significant improve-
ments in total I-QOL scores compared with placebo groups. Approximately two-thirds of patients
treated with FDA-labelled 200 U dose of onaBoNTA had a significant improvement in I-QOL scores
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compared with an estimated 40% of placebo patients. One study evaluated the goals of onaBoNTA
treatment for patients with NDO.!3 The top two goals of treatment were: 1) no incontinence and 2)
reduction in other urinary symptoms. Investigators found that over 3 times as many patients reached
at least one of their treatment goals following onaBoNTA injection compared with placebo. There
were no differences in goal achievement between onaBoNTA doses or upon whether patients had to
initiate de novo clean intermittent catheterization or not. Significant improvement in I-QOL was also
demonstrated following aboBoNTA injection compared with placebo but in only the 15-injection

paradigm.'s® (Table 4-9).

TABLE 4-9 Quality of Life Changes Following Botulinum Toxin Bladder Injection

Schurch et /172

Herschorn
et al18s

Sussman et al19%2

Chartier-Kastler
et al1e3

Ginsberg et al187

Denys et al18®

Placebo, 200 U
onaBoNTA, 300 U
onaBoNTA

Placebo, 200 U
onaBoNTA

Placebo, 200 U
onaBoNTA, 300 U
onaBoNTA

Placebo, 200 U
onaBoNTA, 300 U
onaBoNTA

Placebo, 200 U
onaBoNTA, 300 U
onaBoNTA

Placebo 15 or 30
injections and
aboBoNTA 750 U
15 or 30 injections

I-Q0L scores significantly greater in both onaBoNTA groups compared with placebo at
all time points (2, 6, 12, 18, and 24 weeks);

MID higher in one or bath onaBoNTA groups compared with placebo at all time points
except 18 weeks;

MID in total I-QOL scores was achieved in 65%—76% of 200 U onaBoNTA and
68%—89% of 300 U onaBoNTA vs 30%—45% of placebo patients

Significantly greater improvement in total I-QOL scores in onaBoNTA than placebo at
weeks 6, 24, and 36

Significant improvements in mean total I-QOL scores in both onaBoNTA groups
compared with placebo at weeks 6 and 12;

58.9%—69.4% of 200 U and 62.8%—65.4% of 300 U onaBoNTA achieved MID vs
36.9%—43% of placebo;

Significant improvements in OAB-PSTQ scores and PGA scores in both onaBoNTA
groups compared with placebo, although PGA not validated in NDO patients;

No difference in QOL scores between onaBoNTA groups

62% of 200 U onaBoNTA and 63.9% of 300 U onaBoNTA achieved at least one of goals
of treatment compared with 17% of placebo;

Initiation of CIC did not impact patients’ overall goal achievement: 46.4% of patients
who initiated de novo CIC vs 54.2% for patients who did not

Significant change in total I-QOL score in 200 U and 300 U onaBoNTA groups compared
with placebo;

|-QO0L score improvement similar whether patients were performing CIC at baseline or
not

Statistically significant improvement in [-QOL scores in aboBoNTA 15-injection group
vs placebo 15 injections on days 14 and 84;

No significant difference between aboBoNTA 30-injection group and 30-injection group
placebo;

PGA significantly improved in both aboBoNTA injection groups compared with placebo

aboBoNTA: abobotulinumtoxinA; CIC: clean intermittent catheterization; I-QOL: Incontinence Quality of Life questionnaire; MID:
minimal important difference; NDO: neurogenic detrusor overactivity; OAB-PSTQ: Overactive Bladder Patient Satisfaction with
Treatment Questionnaire; onaBoNTA: onabotulinumtoxinA; PGA: Patient Global Assessment; U: units.
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One small, randomized study evaluated the effect of rimaBoNTB compared with placebo in a mixed
population of 20 patients with either neurogenic or non-neurogenic detrusor overactivity.!** The
study found significant improvements in voided volume, urinary frequency, incontinence episodes,
and QOL parameters in the rimaBoNTB group compared with placebo. Unfortunately, subjects were
followed for only 6 weeks and then crossed over to the other treatment paradigm, making it hard to
clearly define the durability of effect.

4715 Conclusions

= Botulinum toxin A bladder injections are effective in the treatment of SCI neurogenic bladder dysfunction—related neurogenic
detrusor overactivity and incontinence. Botulinum toxin A also improves urodynamic detrusor storage pressure, compliance,
and cystometric capacity as well as patient quality of life. [LOE 1]

= In NBD patients, 200 U of BoNTA has excellent clinical effectiveness, with only slightly better results with 300 U; however,
both doses are safe. [LOE 1]

= The most efficacious injection paradigm (number and location of injections) of BONTA has not been determined. [LOE 4]

4716 Recommendations

= Clinicians must consider BoNTA bladder injection for people with SCI and neurogenic detrusor overactivity if anticholinergic
medications are ineffective or not tolerated. [LOE 1; GOR A]

= Surgeons should use a dosage of 200 U when performing cystoscopic injection of onaBoNTA in patients who perform IC.
[LOE 1; GOR A]

= Surgeons may increase the dosage of onaBoNTA bladder injection to 300 U when 200 U has failed to provide sufficient relief
of neurogenic detrusor overactivity in patients who perform IC. [LOE 1; GOR A]

4.7.2 Botulinum toxin for external urethral sphincter injections

The use of BoNT to treat detrusor external sphincter dyssynergia (DESD) was the first documented
use of BoNT in the urologic literature back in 1988.1%> It would be ideal if the outlet could be weak-
ened with this less invasive therapy rather than sphincterotomy to allow for spontaneous voiding
or at least urinary collection in a condom catheter. Unfortunately, thus far, very little literature has
supported its use, and clinically it rarely leads to these results in patients who are in retention. One
poorly studied but potentially useful application of this therapy would be sphincter injection to assist
with IC in those patients who have frustrating sphincter spasms associated with the passage of the
IC, or in improving voiding in those patients who are voiding but with elevated residuals. A meta-
analysis by Mehta and colleagues determined that BONTA could effectively reduce postvoid residuals
as well as detrusor and urethral pressures, at least in the short term.!9
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Injection of BONTA into the urethra is a minimally invasive procedure with a low morbidity. It can
be performed in an outpatient setting using a variety of techniques—this allows not only urologists
but also physiatrists and neurologists opportunities to engage in this therapy. The author prefers
transurethral injections—the external sphincter in men is easily visible. One just has to make sure
injections are made deep to the target skeletal muscle. Complications of injection are minor and
self-limiting.

Another advantage of BoNT injection is that its effect is reversible. This is a significant advantage
for patients who are not sure about whether condom catheter drainage will work in the real world,
outside of the hospital setting. It can offer the treating physician insight into the effect that a more
permanent procedure would have on detrusor function, as well as allow him or her the flexibility
through dosage adjustment to partially decrease urethral outlet resistance with milder degrees of
DESD or incomplete urethral relaxation in men and women with neurological diseases. Botulinum
toxin A can be injected into different muscles (for example, the smooth muscle of the bladder neck
or the striated muscle of the external sphincter, or perhaps both) and used as a tool to differentiate
the source of obstruction in unclear cases. Finally, it offers for the patient with the hope of neuro-
recovery after SCI the potential to walk again without a sphincter that is permanently damaged.

Disadvantages of using BoNT for detrusor external sphincter dyssynergia begin with the fact that
it is oft-label and so may incur significant out-of-pocket costs for the patient. Secondly, although
the meta-analysis suggested short-term benefit from BoNT for reducing PVR, detrusor pressure,
and urethral pressure, this benefit is based on a paucity of LOE 1 studies. Only one LOE 1 study is
available in the literature and this was an RCT in MS patients.””” Interestingly, only detrusor pres-
sure decreased, while no significant effect on MUP, maximal urinary flow rate (qmax), and PVR was
observed. The only double-blinded, controlled study of botulinum toxin in SCI patients with DESD
involved 5 patients and used higher formulations of BONTA with booster injections, so it is hard to
extrapolate meaningful results.’s The most prominent effect of the other studies that provide LOE 3
is a reduction in PVR and a decrease in maximal intravesical pressure; although only one study
demonstrated detrusor pressures below 40 cm H,0. Unfortunately, most studies fail to examine the
most important marker predictive of upper tract damage: detrusor leak point pressure (DLPP). The
few studies that did measure DLPP found a variable effect (5-37% reduction), although no post-injec-
tion DLPPs were below 60 cm H,0, much less the target of 40 cm H,0. In addition, only two studies
addressed the effect of botulinum toxin on QOL in patients with DESD, and the results were mixed.

Botulinum toxin A injections that target skeletal muscle generally only last 3 to 4 months compared
with much longer durations in the bladder of 6 tol2 months. This has financial and social implica-
tions for patients. Moreover, only targeting the external sphincter does not address bladder neck
dyssynergia, which may be hampering the ability of BONTA to be an effective treatment. In fact,
Soler and colleagues in their retrospective study of 72 patients injected with BONTA found that blad-
der neck dyssynergia was a strong predictor of a poor response; only 24% of patients with bladder
neck dyssynergia improved compared with 73% without.!*® The authors also found that patients with
type 3 DESD responded poorly as well.
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4.7.2.1 Conclusions

= Limited data suggests that BONTA injections into the external urethral sphincter offer a reversible option at relieving outlet
obstruction in select male patients with SCI. [LOE 3]

= Botulinum toxin A has been used to ease catheter passage through a spastic external urethral sphincter in men on IC. [LOE 4]

472.2 Recommendations

= Clinicians may consider BoONTA external urethral sphincter injection for men with SCl and DESD who are currently voiding with
an elevated PVR. [LOE 3; GOR C]

= (linicians may consider BoNTA external urethral sphincter injection for people with SCI and difficulty performing CIC due to
sphincter spams. [LOE 4; GOR C]

4.7.3 Effects of repeat injections

Kennelly and colleagues demonstrated persistent long-term efficacy of onaBoNTA in an extension
trial of patients with NDO receiving up to 6 (68 patients) injections of 200 U of onaBoNTA.1! The
proportion of patients reporting more than 50% reduction in incontinence episodes per week ranged
from between 83% and 91%, and the proportion of patients who were completely dry ranged from
between 43% and 56%. Between 71% and 81% of patients demonstrated significant improvements in
total I-QOL scores.*! Two other studies that followed a total of 44 SCI patients through 6 onaBoNTA
injections demonstrated sustained improvements in MCC (73-187 mL) and sustained reductions in
MDP (23.5 cm H,0) and Pg,,,,,.,ipc (64 cm H,0).200.201

The largest experience detailing the effect of aboBoNTA preparation on patients with NDO was
described by Del Popolo and colleagues.??2 A total of 199 patients with NDO were treated over a
6-year period with 500, 750, or 1,000 international units (IU) of aboBoNTA. Significant improve-
ments in urodynamic parameters (i.e. maximal bladder capacity, reflex volume) as well as significant
reductions in incontinence episodes and pad usage were observed.2*? Interestingly, median dura-
tion of effect did not differ between the three doses (12-13 months). Approximately 20% of patients
responded for more than 12 months. In addition, improvements in key urodynamic parameters were
reproducible for up to 7 injections.

4.7.3.1 Side effects

The most common adverse events of intravesical BONT injection are incomplete bladder emptying
and UTIs. In two large, phase 3, randomized, double-blind, placebo-controlled trials, between 28%
and 29.5% of patients treated with 200 U of onaBoNTA had to initiate IC for elevated PVR.186187 In
addition, UTI was more common following onaBoNTA injection compared with placebo (i.e. ~28%
vs 20%, respectively). In a follow-up extension trial of patients receiving up to 6 onaBoNT-200 U
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injections, 29.5% of 200 U patients initiated de novo IC following the first treatment.!”! However, de
novo IC rates declined precipitously following treatment cycles 2 and 3 (3.4% and 6%, respectively)
and did not occur from treatment cycle 4 onward. There were no treatment-related deaths.

Interestingly, in one series of 30 patients, investigators found that 300 U-onaBoNTA treatment
reduced the incidence of symptomatic UTI over a 6-month period in NDO patients by 88%.203 A
second series in 41 male SCI patients corroborated the earlier results.2* These investigators found
that 300 U BoNTA reduced the 6-month incidence of UTI by 44%. In both cases, it was felt that the
reduction in detrusor pressure and improved bladder capacity induced by BONTA was responsible
for the decrease in symptomatic UTIs. No direct antimicrobial effect of BONTA was observed in a
recent prospective study evaluating the inhibitory effect of onaBoNTA and aboBoNTA against vari-
ous clinical urinary tract bacteria.20%

American FDA-mandated “black box warnings” are required on all BONT product inserts discussing
the potential risk of systemic side effects, such as botulism (generalized weakness, respiratory depres-
sion/failure) following injection. Most cases of serious side effects have resulted in children treated
with relatively large doses of BoNT injected into large skeletal muscles of the neck. Systemic side
effects, such as generalized weakness, have been reported after bladder injection; however, the inci-
dence is rare and appears to be related to the dose of toxin, or, perhaps, the formulation used.20¢ For
example, Grosse and colleagues documented 4 patients suffering from transient muscle weakness, all
after being injected with aboBoNTA, with symptoms lasting between 2 weeks and 2 months.2” In
addition, Del Popolo and associates noted hyposthenia in 5 patients following injection with 1,000 U
of aboBoNTA, but the effects were transient, disappearing after 2 to 4 weeks.2>2 Wyndaele and Van
Dromme documented two cases of generalized muscle weakness following aboBoNTA (1,000 U) and
onaBoNTA (300 U) that lasted 3 months.2°8 Only one study has prospectively evaluated for distant
spread of BONTA bladder injections using single-fibre electromyogram (EMG) of striated muscles.2%
Following 300 U-onaBoNTA injection in 21 SCI patients, the authors found the presence of neuro-
muscular jitter in 7 of 21 patients, suggesting distant spread of onaBoNTA, but no neuromuscular
blocking effect was observed, and the effects were determined to be subclinical in nature.

Recent articles have examined the histological and ultrastructural effects of BONTA injection into
the detrusor. While prior work in skeletal muscle demonstrated significant axonal sprouting follow-
ing BoNTA injection that eventually regressed,?® Haferkamp and colleagues found little evidence of
axonal sprouting in bladder biopsies obtained from 24 patients with neurogenic detrusor overactiv-
ity following detrusor BONTA injection.?!212 Understanding the differences in recovery of bladder
parasympathetic versus somatic nerves may also provide better insight into the mechanisms behind
clinical differences in BONTA’s duration of action. Not only does BONTA appear to have little effect
on neuronal architecture within the bladder, but also investigators have shown that onaBoNTA does
not induce bladder inflammation or edema.?? Surprisingly, these same investigators found that
patients treated with onaBoNTA displayed significantly less bladder wall fibrosis than non-treated
patients. These findings should alleviate concerns from urologists that repeated detrusor injections
with BONTA will induce bladder wall fibrosis and lead patients more rapidly to surgical options. It
should also be of reassurance to patients who want BoONTA to be a durable but reversible fix.
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4.7.3.2 Risk of antibody formation

Failure to respond to BoNT injection might result from the presence of preexisting BoNT antibod-
ies (BONT-AB; primary failure) or to the production of BONT-ABs in response to BoNT injection
(secondary failure). Neurologic literature has documented a sharp reduction in the incidence of
BoNTA-AB formation from 9.5% to 0.5% in cervical dystonia patients with the introduction of a
newer formulation of Botox® in 1998 (i.e. reduced protein load from 25 ng/100 U to 5 ng/100 U).213.214
However, although BoNT use in urologic conditions has increased, little data exists on the risk for
BoNT-AB formation in this patient population. A recent extension trial of repeated treatment with
onaBoNTA in patients with NDO documented the presence of neutralizing antibodies in only 2.1%
of patients treated (8/381) with onaBoNTA and in 1.5% of patients treated with 200 U onaBoNTA.!!
All patients had SCI, and half the patients continued to demonstrate clinical benefit from onaBoNTA
injection following seroconversion (50% reduction from baseline in urinary incontinence episodes).

Schulte-Baukloh and colleagues determined the presence of BONTA-ABs in patients treated multiple
times with BONTA and correlated the presence of BONT-ABs with clinical response.2' Eight of 25
patients had either elevated (4 patients) or borderline elevated (4 patients) BONTA-AB serum titers.
Interestingly, the authors found no correlation between the detection of BONTA-ABs and the number
of injections, time between injections, or total dose given. Three of five complete-treatment failure
patients had definitively elevated BONTA-ABs and no other obvious reason for lack of response to
repeated injection with BONTA. The other two complete-treatment failure patients without elevated
BoNTA-ABs had obvious reasons for not responding to BONTA treatment (poor compliance in one
and tethered cord in the other). The authors concluded that BONTA-AB formation appears to be
more prevalent after BONTA application to the bladder compared with skeletal muscle. They recom-
mended a “drug holiday” in clinical nonresponders with elevated BONTA-AB titers, as BONTA-ABs
disappeared in 2 patients with borderline levels after 6 months in one and 12 months in the other.

Investigators have examined whether NDO patients could be “rescued” with onaBoNTA after fail-
ure to respond to aboBoNTA (750 U).215 Twenty-six patients treated unsuccessfully with aboBoNTA
received onaBoNTA (300 U). Fifty-eight percent of patients were successfully treated (i.e. resolution
of detrusor overactivity), 65% of patients were completely continent, and the frequency of clean inter-
mittent catheterization decreased by 43%.

4.7.3.3 Cost-effectiveness

A recent study evaluated the cost-effectiveness of onaBoNTA for NDO over a 3-year period using a
Markov state transition model in the United States.?'® Patients with NDO refractory to anticholin-
ergics could be treated with onaBoNTA or continue to receive best supportive care (incontinence
pads, anticholinergics, etc.). Nonresponding patients could undergo sacral neuromodulation or
bladder augmentation surgery. Although onaBoNTA increased costs by $1,466 over best supportive
care (BSC), its incremental cost-effectiveness ratio was $24,720/ quality-adjusted life years (QALY).
Given the conventional threshold cost-effectiveness ratio of $50,000/QALY, onaBoNTA is projected
to having a 97% chance of being cost-effective.?’6 OnaBoNTA was cost-effective in both MS and SCI
subpopulations. However, its cost-effectiveness in SCI patients was dominant by reducing costs and
increasing QALY. A similar cost-effective analysis was performed evaluating onaBoNTA in patients
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with NDO in the United Kingdom.?"” At a threshold cost-effectiveness ratio of 20,000 pounds/
QALY, onaBoNTA had a 100% probability of being cost-effective compared with BSC, and was more
pronounced in SCI than in MS patients.

4.7.3.4 Multidisciplinary treatment

As more patients become exposed to BoNT injections from multiple clinicians for different indica-
tions, questions arise as to the best approach to minimize toxicity and reduce the risk for antibody
formation. Although no guidelines have been established, from discussions with fellow BoNT prac-
titioners, we are guided by the following principles: 1) use the same BoNT formulation and 2) inject
within 24 hours for each indication, or, if not possible, space injection treatments at least 3 months
apart. A total safe dose among differing injectors has not been clarified and is specific for each BoNT
formulation.

47.3.5 Conclusions

= Repeat bladder injections of BONTA are safe and the effects sustainable. [LOE 3]

= Urinary retention can occur with bladder injection of BoNT, particularly in patients with neurogenic bladder who are voiding.
[LOE 1]

= BoNTA antibodies can occur due to prior exposure to the drug, but can resolve over time. [LOE 3]

47.3.6 Recommendations

= Patients with NBD who are voiding must be counselled that urinary retention can occur after BoNTA injections; they should be
prepared to initiate IC should this occur. [LOE 1; GOR A]

= Patients who respond to BoNTA bladder injections should be offered repeat injections to sustain the benefits. [LOE 1; GOR A]

= Patients receiving BoNT for different indications should receive the same formulation and have injections either on the same
day or spaced out by 3 months. The total dose injected must not exceed the safe dosage for the formulation. [LOE 3; GOR B]

4.7.3.7 Acknowledgment
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