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Abstract

Loss of control over voiding following spinal cord injury (SCI) impacts autonomy, participation 

and dignity, and can cause life-threatening complications. The importance of SCI bowel and 

bladder dysfunction warrants significantly more attention from researchers in the field. To address 

this gap, key SCI clinicians, researchers, government and private funding organizations met to 

share knowledge and examine emerging approaches. This report reviews recommendations from 

this effort to identify and prioritize near-term treatment, investigational and translational 

approaches to addressing the pressing needs of people with SCI.

1See Appendix.
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1. Introduction

Restoring bowel and bladder function following spinal cord injury (SCI) is a top consumer 

and research priority (Anderson, 2004; Ditunno et al., 2008; Liu et al., 2009; Braaf et al., 

2017). Unfortunately, current levels of research activity and emerging translational 

approaches do not reflect this importance. The inability to control voiding is a persistent 

problem for persons with SCI that reduces participation in activities and deprives them of 

privacy and dignity. Because of the clear impact bowel and bladder dysfunction has on the 

quality of life of these individuals, the Craig H. Neilsen Foundation conducted a workshop 

to identify, target and accelerate research areas ready for translation. This report provides an 

overview of recommendations developed during the workshop, reviews current efforts that 

arose from the workshop, and provides descriptions of activities needed from the larger 

community to advance promising strategies for bowel and bladder management after SCI.

Experts in SCI urogenital research, physiology, autonomic function, biomedical engineering, 

clinical care, and patient advocacy formed an advisory committee to assist in developing the 

workshop agenda, participant list and plans to disseminate workshop outcomes (Appendix 

1). The event was held March 3–4, 2017 in Washington, D.C. with three main goals: identify 

the most promising approaches for which a 10-year translational timeline would be 

considered both reasonable and achievable; bring together researchers and clinicians to 

exchange information and increase communication and cooperation between them; and build 

collaborations between leaders in medical, industrial, patient advocacy, research, regulatory 

and funding organizations to accelerate future approaches that provide more effective 

treatment options.

Participants worked in small groups on structured roadmap building activities to develop a 

list of focus areas. First, clinicians, consumer representatives and industry representatives 

shared their research and experience to present the issues. Next, breakout groups shared 

additional insight, deliberated and prioritized issues into a list of problems to solve. 

Throughout the workshop, focus was directed to the most pressing constituent needs and 

identification of opportunities to address these needs. Small group recommendations were 

presented and discussed at the end of the two-day event. Interestingly, 5 out of the 6 small 

groups identified the same first step for improving bowel and bladder management. This 

recommendation, to identify and disseminate treatment guidelines, was described as readily 

achievable.

As the main outcome of the workshop, these working groups developed collective 

recommendations that were organized into five thematic areas. They range from steps 

described as immediately achievable to areas that require further investigation and longer 

development timelines. Recommendations also span broad but distinct skill areas such as 

communication and biomedical engineering.
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2. Summary of recommendations

Theme/focus Area Description

Education & clinical care 
standards

Update, disseminate, and provide guidance to consumers and clinicians on current 
therapeutic approaches. Create a consumer profile to characterize needs, including 
lifestyle and poly-pharmacy.

Bowel physiology Prioritize efforts to understand gastrointestinal physiology to elucidate the effects of SCI 
and therapeutic interventions on bowel function, including its relationship to the urinary 
system.

Sensory awareness Identify technology and approaches that can measure key indicators of the need to void 
or system dysfunction and thereby enable patient awareness in daily activities and 
potential for improved diagnosis.

Neuromodulation Use existing systems or create novel technologies that can replace or restore control of 
gastrointestinal and urinary system functions.

Rehabilitation activity & 
exercise

Quantify evidence and build an understanding of how seemingly unrelated approaches 
(e.g., exoskeletons, treadmills, overground walking, and other therapies) have a positive 
effect on bowel and bladder function.

2.1. The problem and how it is managed

Neurogenic bladder is a broad term for bladder and sphincter dysfunction due to a 

neurological disease or condition. In SCI, urologic clinical manifestations depend on the 

level and extent of the injury (Wein and Dmochowski, 2011). A complete lesion above the 

sacral spinal cord results in detrusor overactivity, smooth muscle sphincter dyssynergia and 

striated muscle sphincter dyssynergia. Striated sphincter dyssynergia will result in an 

obstruction with high detrusor pressure and poor bladder emptying. Sacral SCI will usually 

demonstrate bladder atony or areflexia with normal or high bladder compliance (elasticity). 

Decreased compliance may develop, which can lead to hydronephrosis and irreversible 

kidney damage.

In practice, SCI neurogenic bladder dysfunction’s presentation is as varied as the individuals 

affected with SCI, almost all of whom face a struggle to manage this condition on a day-to-

day basis. A key issue was described as the inability, for those with SCI, to detect rising 

bladder pressure or bladder fullness in a “closed loop system.” Additionally, the level of 

injury was also discussed in its relationship to symptomatic presentation and intervention 

targets. ‘The Functional System’ describes the bladder dysfunction in terms of occurring in 

the filling/ storage or emptying/voiding phase of micturition (Wein and Barrett, 1988). This 

classification, generally divided into “Failure to Store” and “Failure to Empty,” has been 

expanded to include specific urodynamic findings based upon the activity of the detrusor and 

sphincter outlet noted as either hyperreflexic, normoreflexic, or areflexic (Krane and Siroky, 

1984). These three classifications define the main therapeutic targets: failure of storage 

(incontinence), failure to empty or a combination of the two. Each condition could be due to 

dysfunction of the bladder, the sphincter, or both.

Urological systems are fairly well described in the scientific literature (de Groat et al., 

2015), which enabled robust discussions regarding the appropriateness and effectiveness of 

long-term treatment options. Clinicians described their standard practices for developing a 

bladder management strategy for consumers with SCI, which they admitted rely heavily on 

where they conducted their residency and what options they had experience with. Non-
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electrical devices comprise the majority of supportive technology used in standard practice. 

These devices are either catheters (intermittent and indwelling (e.g., Foley)) or stents 

(prostatic and urethral). Surgical approaches were described as an option recommended only 

when patients expressed deep dissatisfaction with their current management approach. 

Surgical options include sphincterotomy, bladder enlargement (i.e., augmentation 

cystoplasty), urinary diversion or cystectomy to by-pass the bladder and lumbar sacral 

rerouting. Botulinum toxin injections are often used to relax the bladder and this option is 

growing in popularity due to the reversible nature of this approach. Workshop participants 

also received an overview of emerging, and hence, less commonly utilized electrical 

approaches to restore bladder function. The biological targets include stimulation at the level 

of the spinal cord, spinal nerve roots, peripheral nerves or muscles of the bladder wall and 

sphincter. These targets are reached via a multitude of simulation modalities, including 

pharmacological, ultrasonic, magnetic, or electrical delivered through devices (i.e., surface 

and implanted) (Gaunt and Prochazka, 2006) or pharmacological routes of administration 

(e.g., oral, rectal). Hence, a wide range of options need to be considered, in relation to both 

clinical effectiveness and patient preference.

Neurogenic bowel is a colonic dysfunction resulting from a lack of central nervous control 

of the gastrointestinal tract (Krassioukov et al., 2010a, 2010b). This condition is commonly 

observed in individuals with SCI and clinically presents as two distinct patterns of bowel 

dysfunction; injury above the conus medullaris results in upper motor neuron bowel 

syndrome and injury at the conus medullaris and cauda equina results in lower motor neuron 

bowel syndrome (Krassioukov et al., 2010a, 2010b). Upper motor neuron bowel syndrome is 

characterized by high pressure and lost coordination of rectal contractions that result in a 

failure to relax the anal sphincter. Lower motor neuron bowel syndrome is characterized by 

areflexic rectum and low anal sphincter pressure. Both of these conditions have been shown 

to reduce transit through the colon. Similar to bladder, failure to store (fecal incontinence) 

and empty could be due to either/both bowel or sphincter dysfunction. Neurogenic bowel 

dysfunction is a major physical and psychosocial problem for individuals with SCI, as 

changes in bowel motility and sphincter control are coupled with impaired mobility and loss 

of hand dexterity. The clinical management approach to bowel dysfunction after SCI is 

overwhelmingly the use of digital stimulation (Stiens et al., 1997; Correa and Rotter, 2000; 

Yim et al., 2001; Krassioukov et al., 2010a, 2010b). This was described as the routine 

practice in therapy and, in many centers, demonstrated success is required prior to hospital 

release. trans-Anal irrigation is utilized more commonly in Europe than in the US, and is 

mainly used when other approaches fail (Emmanuel, et al., 2013). The primary goals of 

therapy are to reduce the amount of time spent on defecation, minimize fecal incontinence 

and reduce the impact of bowel management on quality of life (Christensen and Krogh, 

2010). Pulse irrigation is effective, but impractical due to the bulky machinery that is 

needed. Initially, unmanageable fecal incontinence is treated by use of absorbent 

undergarments, anal plugs, or rectal catheters such as ProCon2® devices (Duelund-Jakobsen 

et al., 2016). Surgery, such as bowel diversion (i.e., latissimus dorsi myorrhaphy) or 

sphincter augmentation, is used as a last resort due to poor long-term outcomes (Lehto et al., 

2013; Bravo Gutierrez et al., 2004). Emerging electrical approaches include sacral nerve 

stimulation, however, participants expressed doubt regarding the value and effectiveness of 
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this approach as reported in previous studies (Binnie et al., 1991). Overall, it was noted that 

much more scientific study of bowel physiology is needed to target next-generation therapy 

development (Duelund-Jakobsen et al., 2016 for review). There was a discussion specifically 

about need to develop better measures of physiology (in spinally injured as well as other 

individuals) in addition to a need for better understanding of the relationship between 

abnormal gut physiology and symptoms.

3. Expanded recommendations

3.1. Education and clinical care standards

Clinicians described the paucity of current guideline documents and the challenges they face 

when their patients are either uninformed or misinformed. Consumer representatives echoed 

this concern and confirmed that the majority of individuals with SCI turn to online resources 

as a first step (Matter et al., 2009), which can yield inconsistent and questionable 

information. Although clinicians and consumers harbor the same concerns, they also 

described the tendency to talk past each other. Clinicians prioritize health and resolution of 

physical dysfunction whereas consumers prioritize convenience, reliability, ease of use, cost 

and practicality. Physician resources for SCI bowel and bladder dysfunction are provided 

through multiple sources. The Paralyzed Veterans of America (PVA) and associated 

Consortium for Spinal Cord Medicine develop some of the most well-known clinical 

practice guidelines (CPG) for consumers and health-care providers in the U.S. [http://

www.pva.org/publications/clinical-practice-guidelines]. Downloadable and freely available, 

they contain evidence-based recommendations and guidance to address common concerns in 

SCI practice. However, the PVA bladder and bowel guidelines were originally published in 

2006 and 1998, respectively, and clearly need to be updated (Consortium for Spinal Cord 

Medicine, 2006; Consortium for Spinal Cord Medicine, 1998). In Canada, the Rick Hansen 

Institute (RHI) has developed a broad resource for clinicians worldwide, Spinal Cord Injury 

Research Evidence (SCIRE), that includes treatment approaches, instructional videos and 

toolkits on many topics. The bladder and bowel guidelines were published in 2014 

(Coggrave et al., 2014; Hsieh et al., 2014), and an updated version is being released in 

sections, starting in January 2017 [https://scireproject.com]. The existence of these and other 

resources and guidelines, developed independently, led participants to prioritize the need for 

coordinated communication, awareness, updates, consumer access and clinician usability. 

They recommended the following next steps.

Recommended community actions

1. Conduct a systematic review of available resources and best practices.

2. Collaborate domestically and internationally to centralize materials.

3. Update resources and incorporate diet, nutrition, and sexual function.

4. Develop versions for patient (description) and clinician (technique).

5. Standardize measures for future studies where possible and utilize common data 

elements.
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6. Develop a consumer profile and incorporate patient priorities and preferences in 

treatment pyramid and decision tree.

7. Ensure care standards are easy to use, downloadable and freely-available through 

traditional and modern sources such as social media and peer support sites.

8. Utilize advocacy/organizational groups for wide dissemination.

Further discussion topics included the potential benefits of expanding telemedicine and 

development of a support organization to bring groups together for research/information 

standardization every few years.

As an initial step toward centralization and dissemination of current materials within the 

U.S., a few participants recommended working with the large longitudinal database of the 

SCI Model Systems Centers. These Centers, funded through 5-year awards from the 

National Institute on Disability, Independent Living, and Rehabilitation Research 

(NIDILRR), are recognized for their leadership in medical research and patient care. Other 

large data resources include the Rick Hansen SCI Registry (RHSCIR) (Fehlings et al., 

2017), and a new effort to coordinate data sharing in SCI research in a “FAIR” Findable, 

Accessible, Interoperable and Reusable manner (Callahan, et al., 2017). Utilization of 

common data elements for clinical documentation as well as research (Biering-Sørensen et 

al., 2015) would also support efforts in another important thematic area, bowel physiology.

3.2. Bowel physiology

The workshop agenda was designed such that a review of bowel and bladder systems would 

inform breakout groups in identifying pathophysiological intervention targets. Compared to 

urological systems, bowel physiology and the mechanisms of dysfunction after SCI are not 

well understood. Although bowel and bladder are related systems, the imbalance of 

knowledge between them became clearly apparent. The ability of able-bodied individuals to 

selectively evacuate material based on its structure (e.g., solid, liquid, gas) underscores the 

complexity of the healthy enteric nervous system. Many argued that what is known about 

colonic transit, rectal compliance and anal reflexes provide only the most basic information. 

The lack of information on mechanisms of gastrointestinal dysfunction after SCI hampers 

the ability to identify surgical, pharmacological, and neuromodulatory targets to manage or 

reverse people’s symptoms. Although there is much to be learned about bowel 

pathophysiology following SCI, clinicians and consumers were fairly well aligned in 

describing available treatment approaches: Diet, exercise and managing poly-pharmacy are 

the most common front-line approaches. Clothing and schedule adjustments are often 

considered along with practicality and lifestyle. Devices such as trans-anal irrigation 

systems, neuromodulation and surgical interventions are reserved for treatment-resistant 

cases when risk of the intervention is outweighed by lifestyle impact due to the declining 

functional status. Although doctor/patient communication on bowel dysfunction was 

described as well-aligned, data presented from a recent sociological research study on 

challenges and life with bowel dysfunction highlighted the urgency of addressing several 

issues. These topics regarding bowel dysfunction in general, and relating to SCI specifically, 

were documented in an ethnographic study with a quantitative part, involving 74 people with 
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SCI, of a total of 361 respondents with bowel dysfunction of diverse origin (Coloplast 

Market Study [dataset], 2017):

Bowel dysfunction in SCI and other medical conditions

• Bowel problems are usually treated through symptom management over years 

(and often decades) as the systemic dysfunction continues unresolved.

• About half (54%) of people with bowel problems in this sample sought medical 

attention within a month of symptom onset, but 11% waited 6 months or more 

and some may not have sought attention until hospitalized. The proportions were 

similar in those individuals in the sample with SCI as the underlying cause of 

their bowel problems.

• Social media, websites and peer support groups are the main source of 

information for those with bowel dysfunction (66% collectively), about which, 

physicians express concern regarding misinformation in online sources. A 

healthcare professional is the main source of information about bowel problems 

for 26% of the respondents across patient groups, including SCI.

• Bowel and bladder dysfunction comorbidity is high; urinary incontinence and 

urinary tract infections are the most common comorbidities. For 78% of the 

responding SCI participants, bowel problems were considered equally or more 

important than urinary incontinence.

• Bowel dysfunction seems to coexist with mental health problems such as 

depression and anxiety. Although 71% of responding physicians and nurses 

treating bowel dysfunction are acutely aware of these relationships, treatment 

referrals are seldom provided for this cause.

• Bowel incontinence is an important and persistent problem that can lead to 

hospitalizations. Fifty-six percent of the responding SCI patients affirmed having 

been hospitalized at least once due to a bowel problem in the previous 12 

months; 68% of those were emergency admissions.

• Fifty-five percent of individuals with SCI who responded said their bowel 

problems have caused them to avoid activities or cancel social engagements in 

the past year.

• A significant number of SCI respondents said they had tried over the counter 

medication and/or natural remedies for their bowel problems without consulting 

with a healthcare professional (45% and 37%, respectively).

• Among the many individuals with SCI who experienced a change in their bowel 

health in the previous year, most (63%) described it as ‘getting worse.’

• Most clinicians are unaware or avoid use of tools such as the neurogenic bowel 

disorder score (Krogh et al., 2006) or the 2013 pyramid of bowel dysfunction 

(Emmanuel, et al., 2013) and therefore are unsure how to escalate interventional 

strategies. Even if these tools were used more commonly, many argue that more 

metrics to accurately assess bowel problems are needed.
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Although these data indicate significant challenges related to bowel dysfunction care, 

participants discussed several effective treatments that do exist and worked to identify 

additional opportunities. Evacuation, constipation and gut motility can be addressed through 

pharmacological approaches, including laxatives and serotonin agonists (Krassioukov et al., 

2010a, 2010b; Singal et al., 2006). Neostigmine effectively treats acute colonic pseudo-

obstruction, Cisapride increases motility in the upper intestinal tract, however, cardio-

vascular complication risk must be considered and Prucalopride has shown good results in 

handling chronic constipation (Geders et al., 1995). Physical therapy, neuromodulation or 

surgical approaches for fecal incontinence have shown some success, but participant 

opinions varied widely and the prevalence of use of these approaches differed across 

countries and the institutions therein. It was agreed that no approach has demonstrated 

reliability in addressing fecal incontinence. Workshop participants could identify few 

researchers actively addressing these issues or specific approaches under development that 

show particular promise. There was strong consensus that the field needs more basic 

information to generate priority targets. It also was noted that growing research regarding the 

microbiome warrants further development in this area (Gungor et al., 2016). In summary, the 

following recommendations were put forward to improve bowel care after SCI:

Recommended community actions

• Provide gastroenterologists, colorectal surgeons, general practitioners, and 

neurologists who treat bowel dysfunction, tools and referral resources to identify 

and address psychological conditions such as anxiety and depression.

• Develop diagnostic tools and a clear medical referral pathway for treatment that 

accounts for level of injury, completeness, time postinjury, age and gender. 

Physiological phenotypes are needed for bowel dysfunction based on level and 

severity of injury, for example, to enable clinicians to determine high/low 

compliance and with/without anal dyssynergia.

• Develop and make available resources for patients to address potential 

misinformation as well as encourage individuals to seek proper treatment from 

the medical professionals best equipped to help them.

• Conduct research to understand bowel function, identify potential intervention 

targets and clarify the close relationship with bladder system dysfunctions.

Many of the breakout groups suggested that inroads in bowel management would likely have 

a positive impact on bladder systems due to potential interrelationships between the two 

systems. The three remaining thematic areas support this assertion; sensory awareness, 

neuromodulation, and secondary effects of other rehabilitation, activity and exercise 

interventions, all of which apply equally to both bowel and bladder.

3.3. Sensory awareness

Participants in all working groups were asked to identify emerging approaches that have 

translation potential within the decade. There was agreement early in the discussion that 

many serious health issues and potential incontinence “accidents” could be avoided if 

sensory information, such as bladder fullness, pain due to impaction or urinary tract 
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infection (UTI) was available. For example, it is well documented that autonomic 

dysreflexia can be triggered by activation of the sensory afferents due to an over-filled 

bladder or colon, routine bladder emptying, digital stimulation or the process of manual 

evacuation (Faaborg et al., 2014; Lee et al., 2017; Vaidyanathan et al., 2017, 2018). 

Dysfunction in sensory feedback varies based on each injury; while some individuals with 

SCI retain some sensation, others have little or no sensory warning before a bowel or 

bladder movement. First line management approaches described previously, such as digital 

stimulation and catheter use, are most effective when sensory awareness is present. 

Individuals with reduced or absent sensory awareness must rely on scheduled bowel and 

bladder care and are more prone to accidents or serious complications.

Workshop participants argue that sensory awareness as a substitute to normal sensation 

would significantly reduce and potentially prevent accidents and medical consequences. 

Even without improved bladder and/or bowel evacuation approaches, an alert that bowel/

bladder emptying needs are approaching a critical point would be an important 

advancement. Participant recommendations focused on developing diagnostic and 

monitoring systems that provide notification of the need to evacuate (Craggs et al., 2006). 

Short and long-term approaches for the development of surrogate signals to monitor key 

parameters (e.g., distention, solid vs. gaseous pressure) were identified. Monitors could be 

developed for biological targets such as the bladder wall and sphincters as well as non-

biological targets such as indwelling and intermittent catheters. Devices will require 

specialized sensor development because as one participant noted, catheter-based pressure 

systems used in bladder have been proven unreliable for bowel. The need to focus on 

devices that treat both failure to empty and failure to store were also described by several 

breakout groups.

Recommended community actions.

Short term

• Develop a pressure monitor for indwelling bladder catheters and consider 

application of valved catheters, where this would increase convenience.

Long term

• Develop wireless volume and pressure monitoring for bladder to inform a person 

in a discrete manner when catheterization is needed. This type of novel device 

would enable more independence to travel, work, and participate in social 

activities without worry.

• Similarly, development of a continual monitoring device to give patients 

continuous health information on state of their bowel: distension, motility, 

volume, strain.

• Promising implant locations for bowel sensor(s) were identified as being 

submucosal in the rectum and/or sigmoid colon (Trivedi et al., 2016).

Monitoring devices could be either permanent or built to function for a month or so to give 

consumers a better sense of what their surrogate sensations “mean.” Workshop participants 
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argue that in the future data from these devices would inform clinicians for diagnostic and 

therapeutic purposes and provide consumers with more independence. Technology 

development should be geared toward dynamic monitoring of combined measures, such as 

pressure and volume in distal bowel, as current approaches such as anal manometry provide 

only static measurements. Further benefits of chronic monitoring are tracking of change over 

time, allowing clinicians to monitor or fine tune treatments or developing new therapies. 

Participants discussed common clinical observations where management programs remain 

effective for decades then unexpectedly fail. The ability to track changes in pressure, 

distention and fullness over time would provide insight into the source of these failures, 

which are currently hypothesized to be due to age or scarring. In the absence of better 

clinical data, maintenance of effective bowel and bladder management strategies will remain 

difficult. Some of these recommended long-term approaches were known to currently be in 

development, such as indwelling pressure measurement devices, but others, including 

molecular sensing for UTI and ultrasonic detection of fullness, were in the early stages of 

idea generation. A critical first step is to exploit an animal model to help develop such 

technology and initiate testing of its safety and utility.

In summary, restoring sensory awareness was recognized as a highly important, yet 

underdeveloped emerging approach that holds great potential. Since the workshop was held, 

one company, Spinal Singularity, began clinical safety trials on a bladder device called the 

Connected Catheter, which has an imbedded sensor and wireless alert system (https://

clinicaltrials.gov/ct2/show/NCT03405285). Although this company was not part of our 

workshop, their effort to develop technology in line with this consensus recommendation 

seems to confirm the importance. Once reliable sensory awareness is established and 

determined safe for people with SCI, use as a clinical diagnostic tool or to provide feedback 

control of other emerging approaches will also be enabled. Participants formed a sensation 

working group, with the goal of identifying available and/or emerging technology that could 

be leveraged within 10 years. Detailing the steps the field could take next on priority areas 

will involve identifying the opportunities and barriers that exist in accomplishing these goals 

and dissemination to the larger community. As this group evolves and progresses, they will 

add needed expertise and foster a relationship with other working groups. Indeed, in addition 

to providing the user with important feedback, sensors would enable closed-loop 

neuromodulation systems.

3.4. Neuromodulation

Control of nervous system function through electrical, chemical or other stimulus delivery 

methods has experienced significant advancement in scientific research and clinical practice 

(McGee et al., 2015). Although the neuromodulation sector for incontinence is projected to 

grow 13% annually (Cavuoto and French, 2018), additional randomized control trials are 

necessary to determine the efficacy of these approaches in SCI (Kessler et al., 2010). 

Electrical stimulation targets to restore bladder function include the nerves of the sacrum 

such as the pudendal and tibial nerves or the sacral roots. Targeting these nerves with 

electrical, optogenetic, ultrasonic, or pharmacological approaches can range from precise 

(e.g., microscale, cellular specific) to systemic delivery (i.e., drugs). There are many types of 

devices that provide targeted stimulation, such as highly investigational micro- and 
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nanoscale technologies created in laboratories across the globe (e.g., Seo et al., 2016) and 

clinically-used milli-scale devices from Medtronic, Boston Scientific, St. Jude and others 

(Kumsa et al., 2018). Although devices designed specifically for those with SCI are urgently 

needed, while focusing on a 10-year timeframe, participants recommended avoiding an 

exclusive focus on developing new technology for several reasons. First, they agreed there 

were many devices already on the market or in advanced stages of development that might 

be applied to treat bladder and bowel dysfunction. Many advances in technology are being 

made through recent initiatives such as NIH’s SPARC and DARPA’s ElectRx programs, and 

leveraging technology should be possible. Several groups also expressed concern over 

translation of wholly new approaches within a reasonable timeframe due to the long-

development timeline for regulatory approval of new devices. Instead, a focus on developing 

neuromodulation approaches that leverage existing and emerging technology was 

recommended.

Several decades have passed since the emergence of sacral anterior root stimulation using 

the Finetech-Brindley bladder system (Vocare). This device provides on-demand urination 

and reduces residual urine volume in persons with SCI who have clinically complete spinal 

cord lesions with intact parasympathetic innervation of the bladder. This device showed 

positive results in over 2000 users worldwide (Gaunt and Prochazka, 2006), many of whom 

reported experiencing benefits to defecation, as well. Workshop participants’ views and 

experience regarding consumer acceptance of this approach varied. Many argued that those 

who have received the surgically implanted device are the strongest advocates; they also 

described potential bias against this approach as accounting for decreased use. Others noted 

that many potential users are intolerant to the thought of elective posterior rhizotomy 

(severing intact sensory nerves) and cited individual cases with disappointing results. The 

rhizotomy procedure is required to treat neurogenic detrusor overactivity (incontinence) and 

bladder sphincter dyssynergia (Kirkham et al., 2002), as the stimulator only addresses 

bladder emptying. It was clear that there is little consensus in recommending this approach, 

and further systematic analysis of user outcomes would be beneficial.

Examples of other electrical stimulation approaches that avoid the need for a posterior 

rihzotomy were discussed including sacral neuromodulation (Wöllner et al., 2015; Lombardi 

et al., 2014), epidural spinal cord stimulation (Pettigrew et al., 2017), pudendal nerve 

stimulation (Horvath et al., 2010; Yoo et al., 2011), and tibial nerve stimulation (Chen et al., 

2015). However, well-designed, randomized and controlled studies are required to evaluate 

these emerging approaches (Ren et al., 2016). The Wöllner and Lombardi studies 

specifically describe recommendations to avoid use in incomplete SCI with neurogenic 

detrusor overactivity (NDO) or chronic retention. It was also noted that sacral 

neuromodulation cannot reliably suppress NDO and should only be considered as a 

treatment option for symptomatic neurogenic lower urinary tract dysfunction in carefully 

selected scenarios where there is low risk for upper urinary tract damage. kHz-frequency 

biphasic stimulation can block conduction in the pudendal nerve and may be chronically 

reversible and repeatable (Kilgore and Bhadra, 2014 for review). The benefits of 

neuromodulation to keep bladder pressures low through relaxation of the detrusor muscle 

was acknowledged, however, opinions varied regarding what approach and level of 

invasiveness would be required to achieve this, as well as other, similar goals. Participants 
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identified numerous opportunities in neuromodulation for bowel and bladder control, related 

to identification and focus on specific biological targets, and as well as enhancing emerging 

stimulation modalities. Clinical use of kHz peripheral nerve block has been approved by the 

FDA and studied in obesity (Ikramuddin et al., 2014) which may support its translation in 

other therapeutic conditions. There was broad agreement that pursuing neuromodulation 

strategies has strong potential; there was less agreement about which specific approach holds 

the most promise. There was consensus, however, that leveraging existing technologies 

would increase the likelihood of translating approaches within the decade.

Recommended community actions

• Enhance existing sacral anterior root electrical stimulation systems to maintain 

efficacy while eliminating the need for a rhizotomy.

• Focus efforts on repurposing existing neuromodulatory drugs and devices for use 

in SCI bowel and bladder management, with consumer preference guiding 

development.

• Develop staged translational approaches beginning with surface stimulation such 

as targeting the genital branches of the pudendal nerve for bladder control and 

possibly bowel continence.

• Perform mechanistic studies of sacral neuromodulation to support the 

development of safe and effective stimulation approaches for bowel and bladder 

management.

• Develop reliable selection criteria and incorporate quanti fiable measurement 

criteria to assess efficacy.

• Identify early intervention strategies to prevent the development of detrusor 

sphincter dyssynergia (Sievert et al., 2010) and other unfavorable symptoms.

• Incorporate biofeedback to enhance control in those with incomplete lesions.

• Explore a combination of therapies (e.g., electrical stimulation and drugs).

• Leverage known recto-colonic reflex functions to replace current approaches 

such digital stimulation.

It became apparent during discussions that awareness of existing and emerging technologies 

varied greatly. Researcher scientists shared knowledge of novel electrical, optogenetic and 

ultrasonic approaches whereas clinicians provided insight into surgical, pharmacology and 

transanal irrigation benefits and drawbacks. Potential options to combine known approaches 

(e.g., targeted drug delivery via transanal irrigation) or build upon emerging technology 

(e.g., optogenetic stimulation or inhibition) were evaluated in terms of their likely 

translational timeline. One participant described the potential to accelerate this timeline 

through the development of public/private partnerships [http://mdic.org/]. Similarly, industry 

representatives described opportunities and experience with collaborative research and 

development efforts.
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In an effort to consider both emerging and existing technology, a Neuromodulation working 

group was created to identify technology, either available or emerging, which could be 

leveraged within 10 years, and the steps needed to make meaningful progress. This will 

again involve identifying key opportunities and barriers and informing the field on these 

recommendations through a publication. In addition to hightech research and development in 

neurotechnology, participants identified several clinical trials in SCI that reported 

improvements in bowel and bladder function as a secondary or unexpected outcome. 

Understanding and capturing such data emerged as a high priority during the workshop 

discussion.

3.5. Rehabilitation, activity and exercise

Current clinical trials in SCI that listed bowel and/or bladder as a primary or secondary 

outcome measure were reviewed during the workshop. In most, bladder or bowel outcomes 

were secondary to the trial focus on areas such as locomotor function, pain and respiration. 

Interventions included rehabilitation, cell transplants, scaffolds, electrical or magnetic 

stimulation, activity-based training, or various combinations thereof. Many workshop 

participants described anecdotal findings from trials and case studies that underscore the 

broad impact physical movement has on individuals with SCI. There was consensus that 

such observations are intriguing, but not rigorous enough to affect implementation. These 

data are beginning to be collected and assessed (Hubscher et al., 2018), but a more 

comprehensive approach is needed to learn from and leverage any potential benefits. 

Participants noted that data collection approaches varied in the studies reviewed, with no 

single bowel or bladder measurement technique or regimen common to all. Outcomes tools 

have been developed to address concerns of comparability between studies, including the 

SCIRE project [https://scireproject.com/], NIH’s common data elements [https://

www.nlm.nih.gov/cde/] International SCI data sets [http://www.iscos.org.uk/international-

sci-data-sets], and The SCI-Quality of Life measurement system (Tulsky and Kisala, 2015), 

but most published studies have yet to incorporate or report on standardized outcomes. The 

need to better capture and quantify improvements in bowel and bladder function was 

apparent throughout the workshop discussion. A summary of areas that should be addressed 

is provided below.

Recommended community actions

• Identify core QOL measures for SCI in bladder and bowel based on consumer 

preference for meaningful improvement.

• Encourage use of bowel and bladder outcome measures that can become 

standards in studies where the intervention target is not specific to bowel and 

bladder management.

• Define types of data to collect and specific methods or biomarkers (e.g., UTI 

incidence with specific definition of what constitutes a UTI in individuals with 

SCI.) for all ongoing SCI trials.

• Use health economics to define important outcomes related to bowel and bladder 

management to inform regulators and payers.
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• Systematically encourage/expect capture and sharing of common data elements 

consistently to enable meta-analyses.

These recommendations appear straightforward, yet require extensive collaboration to be 

successful. Participants emphasized that variations in measurement approaches are necessary 

for both dysfunction-specific and trial-specific reasons, and the desire for consistent 

measurement should not outweigh strong experimental design. Instead, participants argued 

that if a key set of supplemental bowel and bladder measures could be developed with a low 

data collection administrative burden, researchers would likely embrace collection and 

reporting of such outcomes. Participants concluded that this topic required additional 

consideration, so a third working group was convened to begin developing this core list of 

bowel and bladder measurement tools. The objective of this working group is to act as a 

collective voice to develop and disseminate bowel and bladder measurement 

recommendations to the larger community.

4. Discussion/summary

The inability to control voiding, particularly incontinence, is a deeply personal topic. It 

reduces participation in public activities, decreases sexual confidence, and is considered by 

many to be one of the most debilitating aspects of life after SCI (Rubin et al., 2016). One 

participant summarized the workshop with this simple message: “It’s about dignity.” Until 

quite recently, SCI researchers devoted little focus to studies in bowel and bladder 

management, even though dysfunction in these systems has serious medical complications 

and psychological impact for those living with SCI. The Craig H. Neilsen Foundation bowel 

and bladder workshop was designed as a first step in addressing this research gap. 

Discussions weighed strategies and options, set priorities and outlined actions to advance 

promising approaches. It was apparent that significant actions remain to be undertaken in 

order to achieve real change in the lives of those living with SCI. Three working groups 

were formed to begin addressing the identified gaps, however, real changes in foreseeable 

future require a larger community effort. Funders, industry, regulatory, and community 

groups must act within their disciplines and build or join collaborative efforts. Researchers 

and clinicians need to continue to build momentum in these areas. The recommendations 

and subsequent activities described here, are presented to help the community move 

forward. In 2004 a seminal paper was published describing research priorities according to 

those living with SCI, and few changes in treatment have been made since then (Anderson, 

2004).

Consensus and momentum were developed during this workshop that should result in 

tangible improvements in bowel and bladder management after SCI. Participants noted that 

although addressing key issues of reliable continence, voiding and access to current 

information may require a decade for achievement, recommendations provided herein can 

reasonably be accomplished within that time. Opportunities identified span a spectrum of 

technical challenges from those considered low-hanging fruit (e.g., updated guidance) to 

more difficult engineering and basic science research. Similarly, they range in development 

time from long-term solutions, which require additional scientific exploration and 

identification, to numerous readily achievable goals such as updating CPGs, maximizing 
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FAIR data usage, and expanding telemedicine. Strategies also included prevention of known 

progressive health-related issues such as DSD, bowel impaction and UTIs and also 

highlighted the need to consider and incorporate user lifestyle for optimal care. Workshop 

participants’ contributions before, during and after the meeting in the post-workshop 

working groups described, have already moved us closer to achieving these goals. The 

Neilsen Foundation has also committed to support, and thereby accelerate, the PVA’s 

updating of the Bowel Management CPGs. Although the accomplishments described are 

important, they are just a beginning. It is hoped that others in the community will now join 

these efforts.

Appendix 1.: Appendix

Advisory committee
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Foundation.

Andrei Krassioukov, MD, PhD, ICORD, University of British Columbia, GF Strong 

Rehabilitation Centre, Vancouver, British Columbia, Canada.

Participants

Kimberly Anderson-Erisman, PhD, The Miami Project to Cure Paralysis, University of 

Miami, Miami, Florida.

Mark Bacon, PhD, International Spinal Research Trust (ISRT), London, England.

Linda Bambrick, PhD, US Army MEDCOM CDMRP, Fort Detrick, Maryland.

Dawn Bardot, PhD, Medical Device Innovation Consortium, Minneapolis, Minnesota.

Fin Biering-Soerensen, MD, Clinic for Spinal Cord Injuries, Neuroscience center, 

Rigshospitalet University of Copenhagen, Copenhagen, Denmark. Dennis Bourbeau, PhD, 

Wheeler et al. Page 15

Exp Neurol. Author manuscript; available in PMC 2021 May 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Louis Stokes Cleveland VA Medical Center, MetroHealth Medical Center, Case Western 

Reserve University, Cleveland, Ohio.
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U.S. Department of Veterans Affairs, Washington, DC.

Dan Lammertse, MD, University of Colorado School of Medicine, Morrison, Colorado.

Chet Moritz, PhD, University of Washington, Seattle, Washington. Jeremy Myers, MD, 

University of Utah, University of Utah School of Medicine, Salt Lake City, Utah.

Gianna Rodriguez, MD, University of Michigan, Ann Arbor, Michigan.

Bruno Gallo Santacruz, Pharm.D, Coloplast, Denmark.

Ann Spungen, MD, Icahn School of Medicine at Mount Sinai, VA RR &D National Center 
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Douglas Weber, PhD, Defense Advanced Research Projects Agency, University of 

Pittsburgh, Pittsburgh Pennsylvania.

Wheeler et al. Page 16

Exp Neurol. Author manuscript; available in PMC 2021 May 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Michael Wolfson, PhD, National Institutes of Health, NIBIB, Bethesda, Maryland.

References

Anderson K, 2004. Targeting recovery: priorities of the spinal cord-injured population. J.Neurotrauma 
21 (10), 1371–1383. [PubMed: 15672628] 

Biering-Sørensen F, Alai S, Anderson K, Charlifue S, Chen Y, DeVivo M, Flanders AE, Jones L, 
Kleitman N, Lans A, Noonan VK, Odenkirchen J, Steeves J, Tansey K, Widerström-Noga E, 
Jakeman LB, 2015. Common data elements for spinal cord injury clinical research: a national 
institute for neurological disorders and stroke project. Spinal Cord 53 (4), 265–277. 10.1038/
sc.2014.246. [PubMed: 25665542] 

Binnie NR, Smith AN, Creasey GH, Edmond P, 1991. Constipation associated with chronic spinal cord 
injury: the effect of pelvic parasympathetic stimulation by the Brindley stimulator. Paraplegia 29 
(7), 463–469. [PubMed: 1784513] 

Braaf S, Lennox A, Nunn A, Gabbe B, 2017. Social activity and relationship changes experienced by 
people with bowel and bladder dysfunction following spinal cord injury. Spinal Cord 55, 679–686. 
[PubMed: 28244500] 

Bravo Gutierrez A, Madoff R, Lowry A, Parker S, Buie W, Baxter N, 2004. Long-term results of 
anterior sphincteroplasty. Dis. Colon Rectum 47, 727–731 (discussion 731–732). [PubMed: 
15037931] 

Callahan A, Anderson KD, Beattie MS, Bixby JL, Ferguson AR, Fouad K,Jakeman L, Nielson JL, 
Popovich PG, Schwab JM, Lennon VP, the FAIR Share Workshop Participants, 2017. Developing a 
data sharing community for spinal cord injury research. Exp. Neurol 295, 135–143. [PubMed: 
28576567] 

Cavuoto J, French J, 2018. The Market for Neurotechnology 2018–2022 (February). Retreived from 
Neurotech Reports website: http://www.neurotechreports.com/pages/marketdata.html, Accessed 
date: 16 April 2018.

Chen G, Liao L, Li Y, 2015. The possible role of percutaneous tibial nerve stimulation using adhesive 
skin surface electrodes in patients with neurogenic detrusor overactivity secondary to spinal cord 
injury. Int. Urol. Nephrol 47 (3), 451–455. [PubMed: 25609546] 

Christensen P, Krogh K, 2010. Transanal irrigation for disordered defecation: a systematic review. 
Scand. J. Gastroenterol 45 (5), 517–527. [PubMed: 20199336] 

Coggrave M, Mills P, Willms R, Eng JJ, 2014. Bowel dysfunction and management following spinal 
cord injury. In: Eng JJ, Teasell RW, Miller WC, Wolfe DL, Townson AF, Hsieh JTC, Connolly SJ, 
Noonan VK, Loh E, McIntyre A (Eds.), Spinal Cord Injury Rehabilitation Evidence. Version 5.0, 
pp. 1–48 Vancouver.

Coloplast Market Study [dataset], 2017. The Impact of Bowel Dysfunction on Patients and HCPs. 
(Data-on-file [VV-0196644]).

Consortium for Spinal Cord Medicine, 1998. Clinical practice guidelines: neurogenic bowel 
management in adults with spinal cord injury. J Spinal Cord Med. 21 (3), 248–293. Available at: 
http://www.pva.org/atf/cf/%7BCA2A0FFB-6859-4BC1-BC96-6B57F57F0391%7D/
cpg_neurogenic%20bowel.pdf, Accessed date: 23 June 2017. [PubMed: 9863937] 

Consortium for Spinal Cord Medicine, 2006. Bladder management for adults with spinal cord injury: a 
clinical practice guideline for health-care providers. J. Spinal Cord. Med 29, 527–573. Available 
at: http://www.pva.org/atf/cf/%7BCA2A0FFB-6859-4BC1-BC96-6B57F57F0391%7D/
CPGBladderManageme_1AC7B4.pdf, Accessed date:23 June 2017. [PubMed: 17274492] 

Correa GI, Rotter KP, 2000. Clinical evaluation and management of neurogenic bowel after spinal cord 
injury. Spinal Cord 38, 301–308. [PubMed: 10822403] 

Craggs MD, Balasubramaniam AV, Chung EA, Emmanuel AV, 2006. Aberrant reflexes and function of 
the pelvic organs following spinal cord injury in man. Auton. Neurosci 30, 355–370.

Ditunno PL, Patrick M, Stineman M, Ditunno JF, 2008. Who wants to walk? Preferences for recovery 
after SCI: a longitudinal and cross-sectional study. Spinal Cord 46, 500–506. [PubMed: 18209742] 

Duelund-Jakobsen J, Worsoe J, Lundby L, Christensen P, Krogh K, 2016. Management of patients 
with faecal incontinence. Ther. Adv. Gastroenterol 9 (1), 86–97.

Wheeler et al. Page 17

Exp Neurol. Author manuscript; available in PMC 2021 May 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.neurotechreports.com/pages/marketdata.html
http://www.pva.org/atf/cf/%7BCA2A0FFB-6859-4BC1-BC96-6B57F57F0391%7D/cpg_neurogenic%20bowel.pdf
http://www.pva.org/atf/cf/%7BCA2A0FFB-6859-4BC1-BC96-6B57F57F0391%7D/cpg_neurogenic%20bowel.pdf
http://www.pva.org/atf/cf/%7BCA2A0FFB-6859-4BC1-BC96-6B57F57F0391%7D/CPGBladderManageme_1AC7B4.pdf
http://www.pva.org/atf/cf/%7BCA2A0FFB-6859-4BC1-BC96-6B57F57F0391%7D/CPGBladderManageme_1AC7B4.pdf


Emmanuel AV, Krogh K, Bazzocchi G, Leroi AM, Bremers A, Leder D, van Kuppevelt D, Mosiello G, 
Vogel M, Perrouin-Verbe B, Coggrave M, Christensen P, Members of Working Group on Trans 
Anal Irrigation from UK, Denmark, Italy, Germany, France and Netherlands, 2013. Consensus 
review of best practice of transanal irrigation in adults. Spinal Cord 51 (10), 732–738. [PubMed: 
23958927] 

Faaborg PM, Christensen P, Krassioukov A, Laurberg S, Frandsen E, Krogh K, 2014. Autonomic 
dysreflexia during bowel evacuation procedures and bladder filling in subjects with spinal cord 
injury. Spinal Cord 52 (6), 494–498. [PubMed: 24777164] 

Fehlings MG, Noonan VK, Atkins D, Burns AS, Cheng CL, Singh A, Dvorak MF, 2017. Optimizing 
clinical decision making in acute traumatic spinal cord injury. J. Neurotrauma 34 (20), 2841–2842. 
10.1089/neu.2016.4926. [PubMed: 28056628] 

Gaunt RA, Prochazka A, 2006. Control of urinary bladder function with devices: successes and 
failures. Prog. Brain Res 152, 163–194 (Review). [PubMed: 16198700] 

Geders JM, Gaing A, Bauman WA, Korsten MA, 1995. The effect of cisapride on segmental colonic 
transit time in patients with spinal cord injury. Am. J. Gastroenterol 90, 285–289. [PubMed: 
7847302] 

de Groat WC, Griffiths D, Yoshimura N, 2015. Neural control of the lower urinary tract. Compr. 
Physiol 5, 327–396. 10.1002/cphy.c130056. (Review). [PubMed: 25589273] 

Gungor B, Adiguzel E, Gursel I, Yilmaz B, Gursel M, 2016. Intestinal microbiota in patients with 
spinal cord injury. PLoS One 11 (1), e0145878. [PubMed: 26752409] 

Horvath EE, Yoo PB, Amundsen CL, Webster GD, Grill WM, 2010. Conditional and continuous 
electrical stimulation increase cystometric capacity in persons with spinal cord injury. Neurourol. 
Urodyn 29 (3), 401–407. [PubMed: 19634166] 

Hsieh J, McIntyre A, Iruthayarajah J, Loh E, Ethans K, Mehta S, Wolfe D, Teasell R, 2014. Bladder 
management following spinal cord injury. In: Eng JJ, Teasell RW, Miller WC, Wolfe DL, Townson 
AF, Hsieh JTC, Connolly SJ, Noonan VK, Loh E, McIntyre A (Eds.), Spinal Cord Injury 
Rehabilitation Evidence. Version 5.0, pp. 1–196.

Hubscher CH, Herrity AN, Williams CS, Montgomery LR, Willhite AM, Angeli CA, Harkema SJ, 
2018. Improvements in bladder, bowel and sexual outcomes following task-specific locomotor 
training in human spinal cord injury. PLoS One 13 (1), e0190998. 10.1371/journal.pone.0190998. 
[PubMed: 29385166] 

Ikramuddin S, Blackstone RP, Brancatisano A, Toouli J, Shah SN, Wolfe BM, Fujioka K, Maher JW, 
Swain J, Que FG, Morton JM, Leslie DB, Brancatisano R, Kow L, O’Rourke RW, Deveney C, 
Takata M, Miller CJ, Knudson MB, Tweden KS, Shikora SA, Sarr MG, Billington CJ, 2014. Effect 
of reversible intermittent intra-abdominal vagal nerve blockade on morbid obesity: the ReCharge 
randomized clinical trial. J. Am. Med. Assoc 312, 915–922. 10.1001/jama.2014.10540.

Kessler TM, La Framboise D, Trelle S, Fowler CJ, Kiss G, Pannek J, Schurch B, Sievert KD, Engeler 
DS, 2010. Sacral neuromodulation for neurogenic lower urinary tract dysfunction: systematic 
review and meta-analysis. Eur. Urol 58, 865–874. [PubMed: 20934242] 

Kilgore KL, Bhadra N, 2014. Reversible nerve conduction block using kilohertz frequency alternating 
current. Neuromodulation 17 (3), 242–255. 10.1111/ner.12100. (Review). [PubMed: 23924075] 

Kirkham APS, Knight SL, Craggs MD, Casey ATM, Shah PJR, 2002. Neuromodulation through sacral 
nerve roots 2 to 4 with a Finetech-Brindley sacral posterior and anterior root stimulator. Spinal 
Cord 40, 272–281. 10.1038/sj.sc.3101278. [PubMed: 12037708] 

Krane RJ, Siroky MB, 1984. Classification of voiding dysfunction: Value of classification systems. In: 
Barrett DM, Wein AJ (Eds.), Controversies in Neuro-urology. Churchill-Livingstone, New York, 
pp. 223–238.

Krassioukov A, Eng JJ, Claxton G, Sakakibara BM, Shum S, 2010a. Neurogenic bowel management 
after spinal cord injury: a systematic review of the evidence. Spinal Cord 48, 718–733 (Review). 
[PubMed: 20212501] 

Krassioukov A, Janice J, Claxton G, Sakakibara BM, Shum S, the SCIRE Research Team, 2010b. 
Neurogenic bowel management after spinal cord injury: a systematic review of the evidence. 
Spinal Cord 48 (10), 718–733. [PubMed: 20212501] 

Wheeler et al. Page 18

Exp Neurol. Author manuscript; available in PMC 2021 May 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Krogh K, Christensen P, Sabroe S, Laurberg S, 2006. Neurogenic bowel dysfunction score. Spinal 
Cord 44, 625–631. [PubMed: 16344850] 

Kumsa D, Steinke GK, Molnar GF, Hudak EM, Montague FW, Kelley SC, Untereker DF, Shi A, Hahn 
BP, Condit C, Lee H, Bardot D, Centeno JA, Krauthamer V, Takmakov PA, 2018. Public 
regulatory databases as a source of insight for neuromodulation devices stimulation parameters. 
Neuromodulation 21 (2), 117–125. 10.1111/ner.12641.(Review). [PubMed: 28782181] 

Lee AHX, Phillips AA, Squair JW, Barak OF, Coombs GB, Ainslie PN, Sarafis ZK, Mijacika T, 
Vucina D, Dujic Z, Krassioukov AV, 2017. Alarming blood pressure changes during routine 
bladder emptying in a woman with cervical spinal cord injury. Spinal Cord Ser. Cases 3, 17101.

Lehto K, Hyoty M, Collin P, Huhtala H, Aitola P, 2013. Seven-year follow-up after anterior sphincter 
reconstruction for faecal incontinence. Int. J. Color. Dis 28, 653–658.

Liu CW, Huang CC, Yang YH, Chen SC, Weng MC, Huang MH, 2009. Relationship between 
neurogenic bowel dysfunction and health-related quality of life in persons with spinal cord injury. 
J. Rehabil. Med 41 (1), 35–40. [PubMed: 19197567] 

Lombardi G, Musco S, Celso M, Del Corso F, Del Popolo G, 2014. Sacral neuromodulation for 
neurogenic non-obstructive urinary retention in incomplete spinal cord patients: a ten-year follow-
up single-Centre experience. Spinal Cord 52 (3), 241–245. 10.1038/sc.2013.155. [PubMed: 
24394604] 

Matter B, Feinberg M, Schomer K, Harniss M, Brown P, Johnson K, 2009. Information needs of 
people with spinal cord injuries. J Spinal Cord Med. 32 (5), 545–554. [PubMed: 20025150] 

McGee MJ, Amundsen CL, Grill WM, 2015. Electrical stimulation for the treatment of lower urinary 
tract dysfunction after spinal cord injury. J Spinal Cord Med. 38 (2), 135–146. [PubMed: 
25582564] 

Pettigrew RI, Heetderks WJ, Kelley CA, Peng GC, Krosnick SH, Jakeman LB, Egan KD, Marge M, 
2017. Epidural spinal stimulation to improve bladder, bowel, and sexual function in individuals 
with spinal cord injuries: a framework for clinical research. IEEE Trans. Biomed. Eng 64 (2), 253–
262. [PubMed: 28113186] 

Ren J, Chew DJ, Biers S, Thiruchelvam N, 2016. Electrical nerve stimulation to promote micturition in 
spinal cord injury patients: a review of current attempts. Neurourol. Urodyn 35 (3), 365–370 
(Review). [PubMed: 25663151] 

Rubin EB, Buehler AE, Halpern SD, 2016. States worse than death among hospitalized patients with 
serious illnesses. JAMA Int. Med 176 (10), 1557–1559.

Seo D, Neely RM, Shen K, Singhal U, Alon E, Rabaey JM, Carmena JM, Maharbiz MM, 2016. 
Wireless recording in the peripheral nervous system with ultrasonic neural dust. Neuron 91 (3), 
529–539. 10.1016/j.neuron.2016.06.034. [PubMed: 27497221] 

Sievert KD, Amend B, Gakis G, Toomey P, Badke A, Kaps HP, Stenzl A, 2010. Early sacral 
neuromodulation prevents urinary incontinence after complete spinal cord injury. Ann. Neurol 67 
(1), 74–84. [PubMed: 20186953] 

Singal AK, Rosman AS, Bauman WA, Korsten MA, 2006. Recent concepts in the management of 
bowel problems after spinal cord injury. Adv. Med. Sci 51, 15–22. [PubMed: 17357271] 

Stiens SA, Bergman SB, Goetz LL, 1997. Neurogenic bowel dysfunction after spinal cord injury: 
clinical evaluation and rehabilitative management. Arch. Phys. Med. Rehabil 78 (3 Suppl), S86–
102. [PubMed: 9084372] 

Trivedi PM, Kumar L, Emmanuel AV, 2016. Altered colorectal compliance and anorectal physiology in 
upper and lower motor neurone spinal injury may explain bowel symptom pattern. Am. J. 
Gastroenterol 111 (4), 552–560. [PubMed: 26881975] 

Tulsky DS, Kisala PA, 2015. The spinal cord injury–quality of life (SCI-QOL) measurement system: 
development, psychometrics, and item bank calibration. SCI-QOL Ref. Spinal Cord Med 38 (3), 
251–256. 10.1179/2045772315Y.0000000035.

Vaidyanathan S, Soni BM, Mansour P, Oo T, 2017. Fatal collapse due to autonomic dysreflexia during 
manual self-evacuation of bowel in a tetraplegic patient living alone: lessons to learn. Int. Med. 
Case Rep. J 10, 361–365. 10.2147/IMCRJ.S135586. [PubMed: 29138603] 

Vaidyanathan S, Soni BM, Hughes PL, Oo T, 2018. Fatal cerebral hemorrhage in a tetraplegic patient 
due to autonomic dysreflexia triggered by delay in emptying urinary bladder after unsuccessful 

Wheeler et al. Page 19

Exp Neurol. Author manuscript; available in PMC 2021 May 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



intermittent catheterization by carer: lessons learned. Int. Med. Case Rep. J 7 (11), 53–58. 
10.2147/IMCRJ.S143077.

Wein AJ, Barrett DM, 1988. Voiding Function and Dysfunction: A Logical and Practical Approach. 
Year Book Medical, Chicago.

Wein AJ, Dmochowski RR, 2011. Neuromuscular dysfunction of the lower urinary tract. In: Wein AJ, 
Kavoussi LR, Partin AW, Peters CA, Ramchandani P (Eds.), Campbell - Walsh Urology Tenth 
Edition Review. Chapter 65 Elsevier, Philadelphia, pp. 351–359.

Wöllner J, Krebs J, Pannek J, 2015. Sacral neuromodulation in patients with neurogenic lower urinary 
tract dysfunction. Spinal Cord 54 (2), 137–140. 10.1038/sc.2015.124. [PubMed: 26215913] 

Yim SY, Yoon SH, Lee IY, Rah EW, Moon HW, 2001. A comparison of bowel care patterns in patients 
with spinal cord injury: upper motor neuron bowel vs lower motor neuron bowel. Spinal Cord 39, 
204–207. [PubMed: 11420735] 

Yoo PB, Horvath EE, Amundsen CL, Webster GD, Grill WM, 2011. Multiple pudendal sensory 
pathways reflexly modulate bladder and urethral activity in patients with spinal cord injury. J. Urol 
185 (2), 737–743. [PubMed: 21168860] 

Wheeler et al. Page 20

Exp Neurol. Author manuscript; available in PMC 2021 May 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Summary of recommendations
	Table T1
	The problem and how it is managed

	Expanded recommendations
	Education and clinical care standards
	Bowel physiology
	Sensory awareness
	Neuromodulation
	Rehabilitation, activity and exercise

	Discussion/summary
	Appendix
	References

