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7.1 Introduction
The urologic management of children with spinal cord injury (SCI) differs from that of the adult 
patient insofar as the care will involve a developing organ system and will be ongoing for many years. 
Preservation of renal function as well as prevention of urinary tract infection (UTI) in concert with 
achievement of both bladder and bowel continence are the essential guiding principles. The epidemi-
ology of SCI in children indicates that it is less frequent than in adults and affects mainly older chil-
dren and teenagers. The etiology of SCI in children is usually associated with motor vehicle accident 
(MVA) injuries. The cervical spine is often the site of injury and therefore neurologic side effects will 
more than likely affect bladder and bowel function. The urologic evaluation is similar to that used 
for the adult population but may involve more frequent radiologic and urodynamic assessment so as 
to monitor the upper urinary tract and renal function as the child grows. Treatment may be divided 
into medical versus surgical and mirrors the approach to children who have a neurogenic bladder due 
to spina bifida. Bladder management should be associated with bowel management so as to achieve 
the optimal goals of continence and social acceptability.

7.2  How Epidemiology of Spinal 
Cord Injury in Children Differs 
from Adults

Evidence Acquisition

An exhaustive computerized search for articles and book chapters as well as peer-reviewed publi-
cations relating to SCI in children and adults was carried out. The search was then narrowed to 
information limited to a population of ages 0 to 21 and to articles published in the last 15 years. The 
articles were then reviewed, selected, and graded. Given that most of the articles are either retrospec-
tive, large cohort studies, or meta-analyses, the Levels of Evidence are 2a or 3a–b. It should also be 
noted that the majority of the articles come from high-income countries and may not reflect the 
global reality.

Spinal cord injury in children can be divided into either traumatic spinal cord injury (tSCI) or 
nontraumatic spinal cord injury (ntSCI). Evaluation and management are similar but the focus will 
be on tSCI as it is much more common in children.

7.2.1 SCI prevalence in children

Data on the prevalence of SCI in children (an important factor in assessing social and health care 
needs) is, unfortunately, sparse, as the search did not yield any reliable global or regional data. A 
single study carried out recently in Canada, looking at age-specific prevalence of SCI, shows that tSCI 
affects mostly the age group 25 to 50 years and is uncommon under age 20 years.1 
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7.2.2 SCI incidence in children

The annual incidence of SCI in children is low (4 to 8 per million) compared to adults (40 to 80 per 
million) and seems to be most frequently due to trauma but cause may vary greatly depending on the 
country. In the United States, one study shows an incidence of 20 per million, but most cases seem 
to affect young men aged 20 to 29 years and aged 15 to 19 years.2 A more recent study (also from 
the United States) reports an age-adjusted incidence rate of 26.9 per million with a trend toward a 
decreasing incidence over the 15-year study period.3 

7.2.3 Etiology of SCI in children 

With regard to etiology of SCI in children, there is little to no data available. Conclusions can there-
fore be extrapolated from only the general population. Three main causes are reported: transporta-
tion accidents (mostly MVAs), falls, and violence in decreasing order of frequency. Regional varia-
tions are again noted. In industrialized countries, MVAs and sports-related activities seem to be the 
leading cause of SCI in the pediatric population. In fact, up to 65% of all tSCI cases from 0 to 5 years 
of age are due to MVAs.4 In the United States, MVAs are also the most common etiology of tSCI in 
children and young adults, especially in girls. Violence is a more common cause of tSCI in boys over 
age 5 years; after age 13 years, sports-related injuries affect boys far more frequently than girls.5

7.2.4 Nature of injuries causing SCI in children 

The epidemiology of SCI in children differs from adults in the nature of the injuries themselves. 
Cervical spine injuries appear to be more common in children, comprising 60% to 80% of all pediat-
ric SCI compared to 30% to 40% in adults.6 This is felt to be due to differences in the anatomy (weaker 
neck muscles, hypermobility of the pediatric spine, incomplete ossification, ligamentous laxity, and 
the fulcrum effect at the neck caused by the relative increased weight difference between the cranium 
and the body). In a more recent study from the United States, of the 4,418 patients evaluated, most 
were in the 15- to 18-year-old age group with 31.4% experiencing an upper cervical injury. In the 
younger patients (under age 8 years), the incidence of upper cervical injury was much higher (73.6%).7

In another study of children under 5 years of age, 34% of patients having sustained a SCI ultimately 
suffered from tetraplegia and 66% from paraplegia.4 Of those children with an injury level at or above 
T6, 34% will experience symptoms of autonomic dysreflexia (AD) associated with a full bladder while 
in adults the range is 48% to 85%.8,9

7.2.5 Long-term consequences of SCI 

Abnormalities in bladder and/or bowel function are present in 82% of young patients with SCI; these 
problems are more common in those with tetraplegia. The types of bladder dysfunctions affecting 
children with SCI have not been studied in any detail but are assumed to be similar to those affected 
with neurogenic bladder due to spina bifida. Other consequences include urinary tract infection, 
urolithiasis, upper urinary tract deterioration, and renal failure.2 
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Of note is that urinary tract dysfunction was historically a major cause of morbidity and mortality in 
patients with SCI, especially in younger patients. However, due to major improvement in neurogenic 
bladder management, the last 40 years have seen a reduction in annual mortality to about 2.3%.10 
Septicemia due to urinary tract infection remains a major source of morbidity.11,12 

Finally, ntSCI is quite rare in the pediatric age group and is usually caused by neoplastic tumours, 
infections, and degenerative conditions. No data is available, as congenital and genetic conditions 
such a spina bifida are usually not considered in studies on SCI.

7.2.6 Conclusions

1. SCI in children is rare and affects mostly older children. [Level of Evidence (LOE) 2]

2. Motor vehicle accidents are the main cause of pediatric SCI. [LOE 2]

3. Younger children are more prone to cervical injuries due to the anatomy of the neck. At least a third of young children with SCI 
will have autonomic dysreflexia. [LOE 2]

7.2.7 Recommendations

5. Clinicians and community leaders should educate the public about the risks and causes of SCI in children. [Grade of Recom-
mendation (GOR) B]

6. Clinicians should work with leaders of children’s sports organizations to improve safety standards for contact sports in order 
to prevent SCI. [GOR B]

7. Further studies on the nature of pediatric SCI should be undertaken in countries across the world to better determine the 
demographics and extent of this health issue. [GOR B]

8. Encourage the tracking and monitoring of the morbidity and mortality factors associated with SCI neurogenic bladder.
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7.3  Interpreting Urodynamic 
Studies (UDS) in Children with 
Neurogenic Bladder Secondary 
to Spinal Cord Injury

Life expectancy and quality of life in children with SCI are closely linked to the management of the 
lower urinary tract. The goal of urodynamic studies (UDS) in children with SCI is to evaluate bladder 
function after injury in order to optimize treatment and long-term management. Outcome measures 
are adequate bladder storage at low pressure and complete bladder emptying, also at low pressure. 
UDS are aimed at monitoring these outcomes and the effects of therapy.13 UDS are carried out in 
a similar manner as for any patient with neurogenic bladder (NGB) but the methodology must be 
tailored to children. Interpretation of the study should be done by an experienced pediatric urolo-
gist.14 The role of follow-up UDS is essential as children with SCI will need long-term evaluation as 
they grow and bladder function may change over time. To our knowledge no guidelines have been 
published on this subject.

A review of the literature reveals that, regarding UDS in children, the evidence is based either on 
case series (Level of Evidence [LOE] 3) or expert opinion [LOE 4] with grades of recommendations 
[GOR] B or C. Most recommendations are based on a consensus opinion for evaluating NGB in 
children. There is a lack of level 1 or 2 studies and thus the recommendations are a compilation of 
best practices.

7.3.1  Indications for urodynamic studies in children with SCI

A urodynamics study (UDS) evaluation is recommended for any child who has experienced an SCI 
in order to assess the impact of the neurologic lesion on bladder function. The initial UDS evalua-
tion should be performed at least 3 months after the injury so as to allow resolution of spinal shock. 
There is variability in the duration of spinal shock, with recovery of some neurologic function after 
a month.15 Spinal shock has been reported to be of shorter duration in children.16 Therefore, urody-
namic evaluation in children may be performed earlier than in adults.

A full UDS should include uroflowmetry if the child is able to void voluntarily, cystometry (measure-
ment of bladder pressures and volume as the bladder is filled and then allowed to empty), and elec-
tromyography (EMG) of the urinary sphincter. Adjunct radiologic studies such as a renal and bladder 
ultrasound and voiding cystourethrogram (VCUG) are essential in obtaining an anatomic survey of 
the urinary tract. A video UDS (carried out under fluoroscopic guidance) will combine UDS study 
with VCUG and may be more efficient.
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7.3.2  Methodology for performing UDS in children with SCI

Performing a reliably reproducible UDS study in a child may be difficult but can be done provided the 
environment is calm and comfortable. The smallest dual-lumen catheter should be used. Latex-free 
equipment is essential, as many patients will have a history of severe latex allergy.4 Alternatively, place-
ment of a supra-pubic tube may facilitate the procedure in sensate children. A rectal probe is necessary 
to evaluate intra-abdominal pressures. Warmed saline solution (37 degrees Celsius) should be used 
and instilled slowly so as not to cause artifacts (rate of 10 cc/min or less).17,18 Needle electrodes are 
more reliable than patch electrodes. 

Timing of the first UDS has yet to be determined. During the acute phase following the injury, the 
bladder may not contract (spinal shock). Once spinal cord edema has resolved, bladder and sphincter 
activity will return, and UDS may be performed when the child can be safely transported to the 
urodynamic suite. 

Anxiolytic medications can be administered but are usually not recommended, as they may affect 
bladder dynamics.

7.3.3 Interpretation of UDS

Evaluation of the amount of residual urine in the bladder by ultrasound or by catheterization after 
the child has voided may help ascertain how well the bladder empties. In children, the essential crite-
ria that must be sought are:

7.3.3.1 Bladder capacity
Bladder capacity will determine if the storage capability of the bladder has been retained and will 
allow for possible continence. Alternatively, reduced bladder capacity may impact continence and 
may be indicative of high bladder pressures and loss of compliance. Bladder capacity in children is 
calculated in mL as follows:19

Age under 2 years:

2

Age (years)   + 6 x 30   = volume (mL)

Age over 2 years:

(Age (years)   +2)   x 30   = volume (mL)

7.3.3.2 Intravesical pressures
A pressure measurement at the time of catheter insertion should be made. Intra-abdominal and 
intravesical pressures should be recorded throughout filling in a standard manner. Interpretation of 
the tracing should look for: 
1. abrupt elevation in pressure indicative of 

neurogenic detrusor overactivity (NDO); 
2. pressure measurement at estimated capacity; 
3. pressure measurement at first leak; 

4. pressure measurement during voiding and 
after voiding. Measurement of post-void 
residual will indicate how well the bladder 
empties. In children, a residual of 10 to 30 cc, 
depending on age, is reasonable.
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7.3.3.3 Bladder compliance 
Good bladder compliance is the ability to maintain a constant low intravesical pressure with increas-
ing volume. Bladder compliance can be calculated using a standardized formula, but most of the data 
applies to adults and has not been evaluated in the pediatric population.20 

7.3.3.4  Detrusor leak point pressure (the resting bladder pressure at which the 
child starts to leak)

Data from the pediatric spina bifida literature has been adapted to the pediatric SCI population 
regarding safe bladder leak point pressure, considered to be below 40 cm H2O. Above that threshold 
pressure, changes in the upper urinary tract may ensue.21,22

7.3.3.5 Presence of abnormal elevations in pressure or detrusor overactivity
Urodynamic tracings should be correlated with fluoroscopic imaging of the lower urinary tract in 
order to observe that bladder contraction (changes in vesical pressure) is coordinated with blad-
der neck opening (seen on fluoroscopy) and relaxation of the voluntary urinary sphincter (lack or 
silencing of the motor action potentials as seen on EMG). Elevated bladder pressures associated with 
closure of the bladder neck and/or evidence of persistent contraction of the urinary sphincter may 
indicate a pathologic situation such as detrusor sphincter dyssynergia (DSD), which will negatively 
affect bladder function and will require prompt treatment to prevent upper urinary tract damage. In 
children with thoracic-level SCI, the most common urodynamic pattern is that of NDO with DSD 
and high voiding pressures, with or without complete emptying.23 

7.3.4 Long-term role of UDS

Over time, UDS has two specific roles: one, to monitor the effects of treatment, and two, to provide 
long-term monitoring of lower urinary tract function. Lower urinary tract function in children with 
SCI may evolve as they grow. Changes in bladder dynamics may occur and are poorly correlated with 
symptoms.24 Timing of the UDS has not been studied in SCI patients but the common practice is 
that, based on experience in the pediatric spina bifida population, they should be carried out 2 to 3 
months after the initial injury, then every 6 to 12 months until bladder function is deemed stable and 
treatment has been felt to be effective. 

7.3.5  Adjunct studies to UDS in children with neurogenic bladder

Recommendations are for pediatric patients with SCI to undergo an ultrasonographic survey of the 
urinary tract in conjunction with the urodynamic study so as to rule out upper urinary tract dilation 
and kidney or bladder stones. Initial evaluation should also include a VCUG to evaluate the lower 
urinary tract anatomy and to search for vesicoureteral reflux. Ultrasounds should be repeated yearly.
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7.3.6 Conclusions

1. Normal bladder volume changes with growth of the child and is measured by formulas based on age. [LOE 2]

2. Spinal shock may resolve more quickly in children than in adults, and upper tract damage may occur more rapidly in children than 
in adults; this may warrant performing UDS earlier after injury. [LOE 3]

3. Detrusor leak point pressures above 40 cm H2O may be associated with renal damage, based on findings in children with spina 
bifida. [LOE 3]

7.3.7 Recommendations

1. Children diagnosed with SCI should undergo UDS 2 to 3 months after the initial injury, irrespective of whether they empty their 
bladder when voiding. [LOE 2; GOR B]

2. Clinicians should repeat UDS in children with SCI every 6 to 12 months until bladder function has stabilized. [GOR B] 

3. Clinicians should carry out urodynamic studies in children with SCI using a latex-free, dual-lumen urethral or suprapubic catheter 
and by instilling warm fluid at a slow rate. [LOE 2; GOR B]

4. Important parameters to measure during UDS include: bladder capacity, bladder pressure, bladder compliance, detrusor leak 
point pressure, and the presence of DSD. [LOE 2; GOR B]

5. Adjunct studies to UDS should include a renal and bladder ultrasound and a VCUG if a video UDS has not been performed so as 
to provide anatomic imaging of the entire urinary tract. [LOE 2; GOR B]

6. Once bladder function has stabilized and UDS is no longer performed on a regular basis, UDS may be repeated in children with 
SCI if there are changes in the neurological examination, new hydronephrosis, changes in voiding behavior, new incontinence, 
or frequent UTIs. [LOE 4; GOR C]
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7.4  Long-term Urologic Follow-up of 
Children with SCI

Fewer than 5% of spinal cord injuries (SCI) occur in children under 16 years of age, with the majority 
occurring in those between 18 and 25 years of age.25 Depending on the nature of the injury, these 
individuals may require significant neurological, gastrointestinal, and urological care in addition to 
orthopedic and neurosurgical care.

7.4.1  Renal function/upper urinary tracts

Chao and Mayo reported on a series of 40 patients who sustained SCI under 18 years old, of whom 28 
underwent close surveillance with annual physical examination, and upper urinary tract evaluation 
and video urodynamics every 1 to 2 years.25 They found only one patient developed vesicoureteral 
reflux during the follow-up period, and this was effectively managed with intermittent catheteriza-
tion (IC) and anticholinergics. None of the others had upper tract deterioration. 

In 1988, Fanciullacci et al. published a study on 18 children with SCI (16 boys and 2 girls).23 All under-
went evaluation of the upper urinary tract for UTIs and urodynamics, although the timing varied. 
Fourteen had long-term follow-up (mean time since the trauma was 7.7 years), with normal kidney 
tracts in 8, slight dilation in 1, and vesicoureteral reflux with a normal intravenous pyelogram in 2. 

Generao et al. followed 42 children who sustained SCI, with a mean age at injury of 5.3 years and 
mean follow-up of 5.5 years.26 Of the 42, 40 required clean intermittent catheterization (CIC), and 
37 required anticholinergics. None had vesicoureteral reflux, hydronephrosis, or renal scarring on 
Technetium-99m dimercaptosuccinic acid (DMSA). 

The question of optimal lower urinary tract management with regard to long-term renal function 
was addressed by Sekar et al. in 1997.27 A total of 1,114 patients with SCI were identified in their 
cohort, including 496 cervical injuries, and 618 thoracic or lumbosacral injuries. Age at the time of 
injury ranged from 1 to 87 years, with a mean age of 31.25 years. Renal scans were performed annu-
ally, and patients were managed with either indwelling urethral catheter, suprapubic tube, condom 
catheter, CIC, Credé manoeuvre, or were voiding normally. In their analysis, the authors found that 
no single management regimen was superior to the others with regard to renal function. The study 
concluded, however, that the lower the neurological level of spinal cord injury, the better the long-
term renal function outcome. 

7.4.2 Urinary stones

Due to prolonged periods of immobility following the injury and because of an abnormal susceptibil-
ity to UTIs, patients with SCI are at increased risk for stone disease, varying from 1.9% of patients 
after 5 years to 9.4% of patients after 20 years.28 There is no information on stone disease in the pedi-
atric population. Surgical treatment of the neurogenic bladder, specifically the use of certain bowel 
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segments to augment the bladder, may further increase the risk for urolithiasis. The occurrence of 
bladder calculi after augmentation cystoplasty is about 50% and recurrence rates are also quite high, 
with 50% of patients experiencing a recurrent stone within 5 years.29 

7.4.3 Urinary continence

Among their cohort, Fanciullacci et al. reported a return of bladder function early in the post-trau-
matic period, typically less than the 4 to 6 weeks seen in adults with upper motor neuronal spinal 
shock.23 Among their series of 18 patients, 12 had lesions resulting in NDO (6 with DSD) managed 
with anticholinergics, 3 had detrusor areflexia and were managed by IC, and 3 were not evaluated. 

A study by Perrouin-Verbe et al. reported on genital and urethral tolerance to IC among a mixed 
cohort of children and adults followed annually, of whom 90% had sustained SCI.30 Of these 21 male 
patients, the mean age was 37 years (ranging from 16 to 65), and the indications were detrusor areflexia 
(10 patients) and DSD (11 patients). One patient had continuous incontinence, 2 had occasional incon-
tinence at night or during activities, 7 had occasional leakage, and 11 had complete continence.

In the series of 42 patients by Generao, where 40 required IC, and 37 required anticholinergics,26 80% 
of those with cervical injuries, 58% with thoracic injuries, and 50% with lumbar injuries had bladder 
pressures greater than 40 cm H2O at capacity.

Gurung et al. followed 21 patients with SCI who underwent ileocystoplasty, 3 of whom were children 
18 years or younger (two 18-year-olds and one 12-year-old).31 Of the 17 patients with 10-year follow-
up or greater, 15 were completely dry compared to none prior to surgery. Only 4 patients required 
anticholinergic therapy after surgery compared to all of them prior to surgery. 

The long-term goal of maintaining urinary continence can be achieved by both medical and surgical 
means. Strategies to attain urinary continence should be based on a careful assessment of the lower 
urinary tract and must be tailored to the patient’s particular clinical circumstances.

7.4.4 Urinary tract infections

Because of abnormal drainage of the urinary tract, patients with neurogenic bladder are more prone 
to developing UTIs. In the series by Fanciullaci et al., UTIs were present in 50% of patients.23 In a 
cohort of 21 patients, Perrouin-Verbe et al. showed symptomatic infections occurred less than once 
every 2 years in 11 patients (52%), less than once a year in 1 patient (5%), once or twice a year in 
5 patients (24%), and twice to four times per year in 4 patients (19%).30 As in the adult population, it is 
important to distinguish symptomatic bacterial infection, which may not be clinically relevant, from 
symptomatic UTIs, which may lead to pyelonephritis and sepsis. Prompt recognition and efficient 
treatment of UTIs in children with SCI will allow for a much less morbid long-term outcome.
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7.4.5 Cancer surveillance

There is a lack of data regarding patients who underwent surveillance cystoscopy for augmenta-
tion cystoplasty after spinal cord injury. Husmann showed that, in a small group of patients who 
had undergone augmentation as children, the incidence of developing cancer per decade following 
surgery was 1.5% for ileal/colonic and 2.8% for gastric bladder augmentations.32 Whether or not this 
applies to the SCI population is unclear. One of the few studies to address the topic was the study by 
Gurung et al. from 2012.31 There was a mean 14.7-year follow-up among all patients (including the 
18 adults and 3 children), and annual cystoscopies were performed starting 5 years after surgery. 
None of the patients in this series had malignancy identified on surveillance cystoscopy. Cystoscopic 
surveillance is not felt to be necessary.

7.4.6 Conclusions

1. Renal function outcomes are better with lower levels of SCI. [LOE 2]

2. No single bladder management method produces superior renal function outcomes compared to other methods. [LOE 2]

3. The risk of bladder cancer is low after pediatric bladder augmentation. [LOE 2]

While there is little data to support any routine surveillance regimen among pediatric patients who 
have suffered an SCI, there are reasonable recommendations that can, nonetheless, be made. Routine 
screening for renal function/upper tract deterioration and infections seems logical, while frequent 
testing of lower urinary tract function by UDS and cancer surveillance by cystoscopy may be unwar-
ranted unless there is a clinical indication. Given the heterogeneity in this population, the vigilance 
and discretion of the physician is critical.

There is a paucity of data regarding children as they age. As such, the optimal long-term follow up 
for adults who had SCI as children is unknown, but recommendations may be gleaned from the 
existing data regarding renal function and upper urinary tracts, continence, infections, and cancer 
surveillance. 
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7.4.7 Recommendations

1. Clinicians should monitor children with neurogenic bladder secondary to SCI with annual evaluation of the upper urinary tracts 
by ultrasound. [LOE 3; GOR B] 

2. Clinicians should evaluate the lower urinary tract using UDS annually for the first several years, and at the discretion of the 
clinician thereafter. Stabilization of the urodynamic parameters should allow spacing out of the studies. New onset symptoms 
should prompt an evaluation. [LOE 3; GOR C]

3. Clinicians should monitor children with SCI and intestinal bladder augmentation for stone formation by performing a yearly 
bladder ultrasound. [LOE 3; GOR C]

4. Urologists should not screen for bladder malignancy using urine cytology or cystoscopy. [LOE 3; GOR B]

7.5  Considerations in the Nonsurgical 
Management of the Neurogenic 
Bladder in Children with 
Spinal Cord Injury

The nonsurgical management of neurogenic bladder dysfunction (NBD) in children with SCI is 
a crucial and initial component of any rehabilitation program. The aims are to protect the upper 
urinary tract, improve urinary continence, and ultimately ensure a satisfactory quality of life.33,34 
Other considerations, when planning treatment of NBD in children with SCI, should include the 
patient’s condition, potential complications, technical aspects, and cost effectiveness. The patient’s 
quality of life is a very important consideration when making any treatment decision. Medical 
management of neurogenic bladder can be divided into: therapy to facilitate bladder emptying and 
therapy to facilitate bladder filling, or storage of urine.35 Special consideration should also be given 
to patients with SCI above the thoracic level, as they are prone to autonomic dysreflexia (AD), which 
could be a source of significant morbidity and possible mortality.
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Evidence acquisition

A detailed literature search for high-quality data published in pediatric and adult patients with 
NBD and/or SCI was done using Medline and other source documents (e.g. textbooks and medi-
cal and scientific websites). Sixty-nine articles were found, from which 35 seemed more relevant for 
this review. Finally, 16 articles were available and contained useful information about the medical 
management of neurogenic bladder in SCI in children.

7.5.1 Facilitate bladder emptying

7.5.1.1 Indwelling catheter: urethral catheter or suprapubic catheter
Urethral catheterization is useful in the acute phase, but the catheter should be left in the bladder 
for as short a time as possible. In the immediate management (first few days), a urethral catheter is 
almost always necessary to assess urinary output and fluid management.36–38

When the patient́ s condition is considered stable, intermittent catheterization (IC) can be started on 
a regular basis. Empirical evidence and expert opinion suggest that silicone catheters have advan-
tages over latex catheters. They are less prone to encrustation, and also, patients with NBD have a 
higher incidence of latex allergy. Complications, such as epididymitis and UTIs, tend to be higher in 
patients with an indwelling catheter as compared to patients on IC.

A small group of patients may require ongoing management by an indwelling catheter such as 
patients with tetraplegia, poor hand skills, or limited assistance from a caregiver, or patients who are 
clinically unstable. In cases of associated urethral injury or abnormality, suprapubic catheterization 
is clinically indicated to prevent further urethral trauma. 

The complication rate is higher using indwelling catheters than other methods of bladder manage-
ment. Bladder capacity and compliance tend to decrease over time. The possible mechanism for this 
outcome is the constant decompression of the bladder and infections related to the catheter, causing, 
over time, bladder wall fibrosis.

7.5.1.2 Intermittent catheterization (IC) 
IC provides a method of emptying the bladder at regular intervals (every 4–5 hours), and maintaining 
a low level of intravesical pressure, thus improving urinary incontinence, preventing ureteral reflux, 
with subsequent upper urinary tract dilatation, and decreasing the risk for urinary tract infection.35

After the acute phase post-injury, IC is the preferred treatment modality to facilitate bladder drain-
age.37,38 It has become the standard procedure for managing neurogenic bladder in patients with 
SCI. It is performed by parents, caregivers, or by the patients themselves if they have sufficient hand 
skills and maturity. IC teaching and training for individuals prior to discharge from the acute phase 
of rehabilitation is mandatory. IC is indicated for chronic management of neurogenic patients who 
are unable to void or who have high voiding pressures. In children, catheter size depends on patient 
age and varies from 6 Fr to 14 Fr. Bladder volumes in each catheterization should be less than the 
expected bladder capacity for patient age [(age + 2) x 30] in children under 18 years old.39
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IC should be avoided if the patient is unable to catheterize themselves and when there is no care-
giver willing or available to perform catherization. IC should also be avoided if the patient has little 
motivation or has difficulties adhering to the catheterization time schedule, and in patients with a 
small bladder capacity (high filling and voiding pressure). It should also be avoided in patients with 
a tendency to develop AD with bladder filling (patients with injuries at T6 and above) unless the AD 
can be prevented with medical therapy.40 IC per urethra should be avoided in patients with urethral 
or bladder neck abnormalities. Although IC has many advantages, some patients experience IC as a 
traumatic procedure and may develop periodic or permanent aversion to IC. 

In pediatric patients, the use of small catheters and assisted catheterization are risk factors for compli-
cations (urethral injury, false passage, strictures, epididymitis). Routine follow-up is mandatory in 
patients with neurogenic bladder doing IC to avoid complications.37,38,41

Patients who will potentially benefit from a continent stoma are those with an abnormal urethral 
anatomy (urethral strictures, false passages, and/or bladder neck obstruction), obese patients, sensate 
patients who experience urethral pain with IC, or wheelchair-bound patients. Catheterization can be 
performed easily through a continent stoma with a 12 to 14 Fr catheter. The risks of channel complica-
tions include stomal stenosis at the skin level, channel stricture, kinking of the channel, false passage, 
or urinary incontinence. Risk of complications continues over the lifetime of the channel.42 

Bacteriuria is present in as high as 70% to 76% of children with NBD who perform IC.43 Based on 
the current literature, it is unclear whether antibiotic prophylaxis is helpful or harmful in prevent-
ing UTIs: some studies reported an increased incidence (with more resistant organisms), whereas 
others reported a decreased rate of symptomatic UTI. In the British Association of Pediatric Urology 
consensus on the management of neurogenic bladder, conclusions were that, in the absence of vesico-
ureteral reflux, asymptomatic bacteriuria does not appear to be a significant risk for renal scarring, 
and a patient doing CIC does not require antibiotic therapy.44 These findings are supported by the 
Cochrane Review on the use of long-term antibiotic prophylaxis.45 In this report, the authors noted 
that the small benefit of the antibiotic prophylaxis should be balanced against the risk for antibiotic 
resistance and allergic reactions. Antibiotic therapy is only indicated in symptomatic bacteriuria or 
in symptomatic exacerbations of chronic UTIs.46–48

7.5.2 Assisted bladder emptying

Bladder compression techniques (Credé) and voiding by abdominal straining (Valsalva) produce an 
increase in bladder pressure but do not empty the bladder effectively, and can lead to complica-
tions from both high intravesical and abdominal pressure.49 Silent complications involving the upper 
urinary tract are not uncommon with the Credé technique and should be avoided, or, if it has been 
regularly used in a patient, it should be routinely monitored. The effectiveness of Credé is limited 
by sphincter pressure. It should be especially avoided in patients with DSD, bladder outlet obstruc-
tion, vesicoureteral reflux, or hydronephrosis. However, Credé may be indicated when the external 
urinary sphincter is completely paralyzed (in cases of low SCI) and will not close with suprapubic 
pressure. Credé may be more effective in babies than adults, as the bladder is an abdominal organ in 
young children while it is a pelvic organ later in life.
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Stimulation of the sacral or lumbar dermatomes in patients with suprasacral SCI can elicit reflex 
contraction of the detrusor. Such triggered reflex voiding depends on an intact sacral micturition 
reflex. It can lead to upper urinary tract deterioration due to high voiding pressures from a reactive 
external urethral sphincter. Thus, trigger reflex voiding is not recommended, and, when used, the 
patients should be closely monitored, as strict urodynamic control is required.

7.5.3 Autonomic dysreflexia

Autonomic dysreflexia (AD) can occur in children who have a SCI at the thoracic level 6 (T6) or 
above. AD is a sustained sympathetic response caused by a noxious stimulus occurring below the 
level of injury. The most common causes are bladder distention (which provokes NDO and DSD) and 
bowel problems such as constipation and impaction. The most dramatic reaction associated with AD 
is a sudden severe elevation in blood pressure often associated with bradycardia.1 Of note, children 
and adolescents with cervical and upper-level SCI have lower baseline blood pressure compared with 
the general population. AD is frequently defined as systolic blood pressure elevations more than 
15 to 20 mm Hg above baseline in adolescents with SCI or more than 15 mm Hg above baseline in 
children. Another definition is a systolic blood pressure 20 to 40 mm Hg above baseline.50 Other 
common problems that can occur in AD include severe headaches, sweating, flushing, goose bumps, 
chills, feelings of anxiety, and a slower pulse rate. However, about 30% to 40% of people with AD have 
elevated blood pressures, with few if any other symptoms (silent dysreflexia).51–53

7.5.4  Drug treatment to decrease bladder outlet resistance

There are very few reports on the use of alpha-blockers in children with neurogenic bladder dysfunc-
tion. Selective and nonselective alpha-blockers have been used to treat DSD and to lower bladder 
pressure during voiding with variable degrees of efficacy reported when using selective alpha-block-
ers in children with NBD. In most series, alpha-blockers have been used as an addition to intermit-
tent catheterization and oxybutynin. It has been reported to be partially successful for decreasing 
bladder outlet resistance, residual urine, and AD in only a small percentage of pediatric patients.54,55 
As in adults, alpha-blockers should be avoided in patients with symptomatic hypotension. Patients 
should take medication at night, when supine. 

7.5.5  Drugs that facilitate bladder filling or storage of urine

Several randomized controlled studies revealed no significant evidence for differential efficacy across 
different antimuscarinic medications.56–58 Oxybutynin is the only licensed (FDA approved, United 
States) anticholinergic for pediatric patients. It can be given orally, transdermally, or intravesically. 
It binds to muscarinic receptors and stabilizes the detrusor muscle, reducing its overactivity and 
improving bladder compliance. It is useful in the management of neurogenic detrusor overactivity, 
reducing symptoms and helping to prevent renal and bladder damage. Oxybutynin can cause anti-
cholinergic adverse effects, however, including oral (dry mouth, dysphagia), visual (dry eyes, blurred 
vision), and gastrointestinal (diarrhea, constipation, distention) symptoms in up to 76% of patients. 
The majority of available studies evaluated oxybutynin and tolterodine. 
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Tolterodine tartrate is an M2 and M3 antimuscarinic drug. Oral and extended-release capsules have 
been found both to be effective and well tolerated by children with neuropathic bladder.59 Solefenacin 
is an M3 selective antimuscarinic. This agent has been reported to be well tolerated and safe, even 
during long-term treatment. It has been reported to be effective in the treatment of neurogenic detru-
sor overactivity in children.58 Other anticholinergic medications that have been used include fesoter-
odine, darifenacin, and trospium chloride.

As mentioned previously, anticholinergic medications can cause adverse effects, including oral (dry 
mouth, dysphagia), visual (dry eyes, blurred vision), gastrointestinal (diarrhea, constipation, dyspep-
sia, abdominal distention) and impaired cognitive function symptoms in up to 76% of patients.59

Mirabegron is a beta-3-adrenoceptor agonist not yet approved for use in children. It has been 
approved for the treatment of overactive bladder (OAB) symptoms in adults. In adults, the recom-
mended starting dose of mirabegron is 25 mg, which can be increased to 50 mg, based on individual 
efficacy and tolerability. Mirabegron is reported to have similar efficacy to antimuscarinic agents 
and has lower rates of side effects than antimuscarinic medications. Several phase 2 and 3 studies 
have shown significant improvement in clinical OAB symptoms in adults treated with mirabegron 
with a favourable tolerability profile. Mirabegron has not been studied yet in children with SCI and 
no recommendation with regard to its use has been issued by the manufacturer or medical regu-
latory bodies. Only one study has been published in pediatric patients with idiopathic OAB, and 
the authors reported that it was a safe and effective alternative for children with OAB refractory to 
antimuscarinics.60
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7.5.6 Conclusions

1. Early IC will allow easier bladder emptying and may reduce the incidence of clinical UTIs. [LOE 3]

2. Prophylactic antibiotic administration in children with SCI on IC is associated with increased bacterial antibiotic resistance. 
[LOE 2]

3. The Credé manoeuvre may be more effective in babies than in adults because the bladder is an abdominal organ in babies. 
[LOE 3]

4. Autonomic dysreflexia in children with SCI may be associated with a smaller elevation in blood pressure, compared to adults. 
[LOE 3] 

5. Alpha-blocker medications are not effective at decreasing bladder outlet resistance, residual urine, and autonomic dysreflexia 
in children. [LOE 3]

6. Anticholinergic medication is the first-line treatment for detrusor overactivity in children with SCI.

7. Oxybutynin is the only FDA-approved anticholinergic medication for use in children. 

8. Anticholinergic medications can cause non-life-threatening but potentially severe side effects. [LOE 2]
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7.5.7 Recommendations

1. Clinicians should use IC in the initial acute phase after SCI. [LOE 2; GOR B]

2. Clinicians should consider placing a suprapubic catheter in those patients who require long-term bladder drainage and are 
unable to do IC. [LOE 3; GOR C]

3. Clinicians should perform routine follow-up in SCI children on IC in order to ensure early detection of complications such as UTIs 
and bladder stones. [LOE 2; GOR B]

4. Surgeons should offer a continent stoma to pediatric SCI patients who are good candidates for IC yet cannot perform IC through 
the urethra. [LOE 3; GOR B]

5. Clinicians should not administer antibiotic prophylaxis routinely to pediatrics patients with neurogenic bladder doing IC. 
[LOE 2; GOR B]

6. Clinicians should not recommend the Credé and Valsalva manoeuvres in children with suprasacral SCI. [LOE 3; GOR C]

7. Clinicians should not recommend triggered reflex voiding in pediatric patients with SCI. [LOE 3; GOR C]

8. Clinicians should recognize and treat autonomic dysreflexia as an emergency, in order to avoid complications. [LOE 2; GOR B]

9. Clinicians should not use alpha-blockers to manage voiding dysfunction in children with SCI. [LOE 3; GOR C]

10. Clinicians should use antimuscarinic agents as the first choice in treating neurogenic detrusor overactivity and lower intravesical 
pressures. [LOE 2; GOR B] 

11. Clinicians should discuss the side-effect profile of anticholinergic medications with parents or caregivers when prescribing 
these in children with SCI. [LOE 2; GOR B] 
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7.6  Special Considerations in 
the Surgical Management of 
Neurogenic Bladder in Children 
with Spinal Cord Injury

Surgical procedures involving the urinary tract in children with SCI may be needed to support or 
augment nonoperative measures. As with nonoperative measures, the goals of surgical procedures 
include preservation of renal function, allowance of urine storage, controlled drainage of urine, and, 
as much as possible, aiding the patient in achieving social acceptability and some degree of indepen-
dence from caregivers. In children, surgical procedures have two goals: first, to maintain low bladder 
pressures and adequate volume to protect the kidneys, and second, to help patients achieve conti-
nence. Broadly the types of procedures that can be performed can be grouped into two categories: 
procedures that achieve the first goal in that they will ensure low bladder pressures through constant 
(incontinent) drainage of urine; and procedures that achieve both goals by ensuring low bladder 
pressure such that continence can be preserved. In children with SCI, the choice of a surgical proce-
dure to manage a neurogenic bladder must be made very carefully in light of the complex nature of 
the surgery, the lifelong considerations, and the social environment in which the child lives.

A thorough search of the literature reveals very few articles solely dedicated to the surgical manage-
ment of the neurogenic bladder in children with SCI. Most of the information is derived from the 
published information related to NBD management, mostly in children with NBD secondary to 
spina bifida. The principles of surgical management are similar.

7.6.1  Incontinent procedures aimed simply at preservation of 
renal function

7.6.1.1 Vesicostomy 
A cutaneous vesicostomy using the technique advocated by Duckett and attributed to Blocksom61 
provides an effective means of protecting the kidneys in infants and young children with hostile 
neurogenic bladders when CIC and anticholinergics are ineffective or cannot be implemented.62,63 
Although some authors have recommended its use as a permanent diversion in children with myelo-
meningocele,64 it is an incontinent form of diversion, with its accompanying disadvantages, such as 
the need for diapers, skin irritation, and negative social implications, and thus it can only be reco-
mmended as a temporary measure for infants and young children. 



355Special Considerations in the Urologic Management of Children with Spinal Cord Injury 

7.6.1.2 Suprapubic cystostomy 
Since the popularization of CIC in the 1970s, the use of permanent indwelling catheters in children 
has been almost abandoned.65 In the rare cases in which a long-term indwelling bladder catheter is 
considered necessary, a suprapubic cystostomy is an alternative to a urethral catheter. The theoreti-
cal advantages are the avoidance of genital lesions caused by the prolonged presence of the urethral 
catheter,66 but published evidence of the superiority of suprapubic cystostomy over urethral cath-
eterization is lacking.67 Long-term use of indwelling bladder catheters has an adverse effect on the 
bladder epithelium and an increased risk of bladder cancer.68–72 In one study, including more than 
500 adults, the incidence of UTIs was higher with indwelling urethral catheters, less with suprapubic 
cystostomy, and about equal between CIC and no catheter.73 The incidence of epididymitis in men is 
lower with suprapubic cystostomy. Nevertheless, from the point of view of preservation of renal func-
tion, there seems to be little difference between patients managed with CIC or indwelling catheters. 

7.6.1.3 Cystostomy buttons 
Gastrostomy buttons in the urinary bladder with CIC and no indwelling catheter have been used as 
an alternative to the suprapubic cystostomy tube for the last 20 years,74 but in most cases this is only 
a temporary measure for patients in whom CIC has not been possible.75 

7.6.1.4  Procedures to decrease outlet resistance: external sphincterotomy and 
Botulinum toxin to the sphincter 

External sphincterotomy or botulinum toxin injection at the level of the urinary sphincter can be 
combined with a condom catheter in adult men. However, these techniques are of no use in boys 
given the difficulty of applying penile collection devices and the long-term complications associated 
with external devices such as skin breakdown and erosion.

7.6.1.5 Ileovesicostomy
Ileovesicostomy represents a form of incontinent diversion, which has been used mostly in adults 
with NBD.76 It consists of the interposition of a segment of ileum between the bladder and the skin. 
The advantage over a simple cutaneous vesicostomy is that the stoma can be placed in a location in 
the lower abdomen where it can be fitted with a collection bag. It has the advantage over an ileal or 
colonic conduit of avoiding a uretero-intestinal anastomosis with its accompanying risk for stenosis 
(see next section). The main disadvantage is that in most cases there is considerable residual urine 
and the potential for UTIs. The experience with ileovesicostomy in children is very limited. The 
indication for this procedure in the patients described by Ching et al. included patients felt to be 
incapable of performing CIC in a reliable manner due to family unwillingness, poor social support, 
or patient refusal. The median follow-up was 48.2 months. Postoperative complications included 
ileus and a wound infection in 1 patient. Long-term complications included urinary tract infection 
in 2 patients, stomal issues in 2 patients and temporary urethral leakage in 1 patient. The authors 
concluded that incontinent ileovesicostomy is a viable approach in children with few other options, 
“particularly those who are noncompliant or physically/socially unable to handle catheterization. 
This operation can help keep such patients out of diapers” but requires use of a stoma bag.77
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7.6.1.6 Incontinent intestinal diversions
After the description of the ileal conduit (cutaneous uretero-ileostomy) by Bricker in 1950 as a 
means of urinary drainage after pelvic exenteration, pediatric surgeons and urologists adopted the 
use of incontinent ileal or colonic conduits for children with neurogenic bladder, mostly second-
ary to myelomeningocele, as a means to protect the upper urinary tracts and to provide controlled 
urinary drainage. Stevens and Eckstein described their experience with 113 children followed for 
a mean of 5 years and considered this method as “very effective in preventing infection and loss of 
renal function. The incidence of early and late complications can be minimized by proper patient 
selection, attention to surgical details and diligent postoperative follow-up.”78 However, in a series of 
96 children with a mean follow-up of 4.5 years, Schwarz and Jeffs reported a concerning rate of renal 
deterioration caused by ureteroileal stenosis, stoma stenosis, and excessive conduit length.79 Shapiro 
et al. reported on 90 patients, 75 of whom were still living after 10 to 16 years. Seventy-five percent 
of the renal units improved or remained normal, and 69% of those that were initially normal at the 
onset remained so. In the absence of obstruction, creatinine clearance remained normal.80 

In a recent study, Stein et al. reviewed a cohort which dated back to 1983 and included 88 patients 
under 20 years of age (mean age at operation 10.1 years).81 The indications to perform an incontinent 
colonic conduit included patients with either chronic renal failure and dilated upper urinary tracts 
with deterioration of the renal function or those unable to catheterize. Of the 88 children, 11 were 
later converted to continent diversion and not included in the follow-up. Of the remaining 77 patients, 
21 patients were not available for follow-up: 11 were deceased and 10 were lost to follow-up. Fifty-six 
patients had a mean follow-up of 21 years. Of these, 21 patients (37.5%) developed complications 
requiring reoperation in 18 patients (32%). It can therefore be concluded that, for pediatric patients 
requiring an incontinent diversion, a colonic conduit is a reasonable option, but close scrutiny of the 
data may suggest otherwise. 

7.6.2  Continent procedures that achieve continence and low 
bladder pressure

7.6.2.1 Injection of botulin toxin
Children with NGB and NDO or poor compliance who are on IC and exhibit poor response to anti-
cholinergic agents have been treated with intravesical injection of botulinum A toxin in hopes to 
reduce intravesical pressures and augment dry periods between catheterization. 

Initial results were encouraging, with significant improvement in capacity and compliance and 
reduction of detrusor pressure for a duration of up to 10 months.81 Repeated injections appear to be 
equally effective.82 However, another report evaluating 11 children with myelomeningocele showed 
only a 17% decrease in detrusor pressure associated with an increase in bladder capacity of 33%, 
rather insignificant values when the capacity and compliance are already severely compromised. In 
addition, in 10 patients, bladder compliance remained poor.83 A recent study reported a 45% increase 
in bladder capacity with a similar decrease in detrusor pressure, again insufficient to ensure upper 
tract protection in patients with significant bladder dysfunction.84 With regard to quality of life, 
patients with spinal cord injury and high intravesical pressure seem to do better after augmentation 
cystoplasty rather than with repeated botulin toxin injections.85 It must be noted that these studies 
are retrospective and include only small cohorts of patients. 
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7.6.2.2 Bladder augmentation
The application of enterocystoplasty in patients with neurogenic bladder became possible only after 
the use of CIC became widely accepted. The use of ileal segments to increase bladder capacity and 
compliance in SCI individuals is well documented.31 Preconditions for this operation are the accep-
tance and ability to perform CIC by patients and parents. Although the use of a reconfigured ileal 
segment for augmentation cystoplasty has been the preferred method for many urologists, there is 
evidence to support the use of a reconfigured segment of the sigmoid colon over an ileal segment.86 
With the use of the colon, the incidence of long-term metabolic complications such as vitamin B12 
deficiency is nil, the intestinal transit is not altered, the incidence of postoperative bowel obstruc-
tion is reduced, and the thicker wall of the colon allows for easier implantation of the catheterizable 
conduits.87,88 Furthermore, when the sigmoid segment is correctly reconfigured, the urodynamic 
results are excellent.89 

Although enterocystoplasty is urodynamically effective, the potential development of complications 
makes long-term follow-up mandatory.88 Complications of bladder augmentation include develop-
ment of calculi, metabolic acidosis, bladder perforation, febrile UTIs, nutritional deficiencies, and 
development of tumours. These will be briefly analyzed in the following paragraphs and are of partic-
ular concern in children, as they will require lifelong monitoring. 

Lithiasis. Both SCI90 and CIC91 are associated with an increased incidence of urinary tract lithiasis, 
particularly in the bladder. It is not clear if the presence of an augmented bladder increases this 
risk, per se. Nevertheless, routine irrigation of the augmented bladder seems to be associated with a 
decrease in the incidence of bladder calculi and symptomatic UTIs, and it should be recommended 
to all patients after augmentation.92 

Metabolic acidosis. Metabolic acidosis is an unavoidable consequence of enterocystoplasty.93,94 
However, in most patients with normal renal function, acidosis is compensated and no treatment 
is required. Nevertheless, serum electrolytes, bicarbonate, and when possible venous blood gasses 
should be checked at regular intervals during follow-up, as chronic acidosis may interfere with 
normal growth in children. 

Bladder perforation. Bladder perforation is a serious consequence of enterocystoplasty. It is particu-
larly problematic because the perforations are usually intraperitoneal and the urine often contains 
bacteria and may lead to peritonitis, sepsis, and death. Perforation is the result of poor compliance 
with the catheterization regime. It tends to be seen more frequently in adolescence and in substance 
abusers.95 The symptoms and signs of peritonitis may be obscured by the sensory alterations resulting 
from the SCI. A high index of suspicion is recommended for patients presenting with sepsis, abdomi-
nal pain, abdominal distension, vomiting, or hematuria. 

Nutritional deficiencies. Vitamin B12 deficiency has been reported in patients in whom a long segment 
of ileum has been used for bladder reconstruction.88 It is recommended that B12 levels be checked 
starting 10 years after ileocystoplasty. This complication may be avoided by using the sigmoid colon.

Bladder tumours. Spinal cord injury and long-term indwelling catheters are associated with an 
increased risk for bladder cancer.69,70 Whether or not enterocystoplasty adds to this risk is not clear.96
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7.6.3 Continent catheterizable channel 

Catheterization of the bladder has an indisputable predominant role in the management of neuro-
genic bladder of all etiologies. Independence from caregivers to perform bladder catheterization every 
4 hours is important for quality of life. SCI patients at the cervical level often have impaired hand 
function and depend on attendants to perform catheterization. In 1993, at the request of a patient 
with a cervical lesion, the author of this section constructed a continent catheterizable channel in 
an adult patient who had read about the Mitrofanoff procedure and thought that with an umbilical 
stoma he could self-catheterize, which would allow him to return to work as an engineer. This was 
reported along with a small series of other cases in 1997.97 Although only one other small series has 
been reported, this procedure has been carried out in many tetraplegic patients who have been very 
appreciative to gain daytime independence from caregivers.98 

Many other barriers exist for the implementation of self-catheterization programs in SCI patients, 
including: ”(1) caregivers or nurses are not available to carry out five or six catheterizations a day; (2) 
lack of time to perform intermittent catheterizations; (3) unavailability of suitable toilet facilities in 
public places, including restaurants and offices; (4) redundant prepuce in a male patient, which prevents 
ready access to urethral meatus; (5) urethral false passage; (6) urethral sphincter spasm requiring the 
use of flexible-tip catheters and alpha-adrenoceptor-blocking drugs; (7) reluctance to perform intermit-
tent catheterization in patients >60 years by some health professionals; and (8) difficulty in accessing 
the urethral meatus for catheterization while the patient is sitting up, especially in female patients.”99 
Many of these barriers could be overcome with the use of umbilical continent catheterizable stomas. 
Interestingly, as recently as 2015, Sorokin and De suggested sphincterotomy and external collection 
devices, suprapubic cystostomy, ileal conduit, and ileovesicostomy as methods to provide controlled 
bladder drainage in patients with high spinal lesions and compromised hand function, but failed to 
mention the potentially excellent option of a continent catheterizable channel.100

Appendicovesicostomy, also known as the creation of a Mitrofanoff channel, plays a uniquely impor-
tant role in children with SCI. Adult obesity, combined with a relatively short appendix, can limit 
the application of the appendicovesicostomy, but in the child the anatomy is usually more favourable 
for application of this technique. Other options include the Monti-Yang procedure or a tapered ileal 
segment, and are described elsewhere in this text. Unless a low-pressure and large-volume bladder 
are present, a continent, catheterizable channel is often combined with either anticholinergic treat-
ment, bladder injection of botulinum toxin, or enterocystoplasty in order to ensure a low-pressure 
urine storage system. 
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7.6.4  Procedures to increase bladder outlet resistance

Children with lower-level SCI may demonstrate normal bladder volumes but reduced bladder outlet 
resistance due to an incompetent sphincter. This leads to urinary incontinence, either constant 
or with elevation of the intra-abdominal pressure (stress) as documented by urodynamic study. 
Procedures to increase outlet resistance in children include injection of bulking agents at the level of 
the bladder neck or proximal urethra, periurethral slings, and artificial urinary sphincters. In boys, 
the prostate is underdeveloped, and thus may provide less bladder outlet resistance. In addition, the 
anatomy may be more amenable to placement of artificial sphincter at the level of the bladder neck. 
A recent systematic review of the literature (in adult patients mostly) reported that: “None of the 
studies followed a randomized controlled trial (RCT) design. Three primary surgical procedures were 
used in 29 of 30 studies: artificial urinary sphincter (AUS), urethral slings, and urethral bulking agents. 
One study used a ProACT device. AUS was considered more successful than urethral bulking agents 
(77 ± 15% vs. 27 ± 20%, p=0.002). Urethral bulking agents reported higher failures than urethral sling 
procedures (49 ± 16% vs. 21 ± 19%, p=0.016) and AUS (21 ± 19% vs. 10 ± 11%, p<0.002).”101

7.6.5 Conclusions

1. Vesicostomy provides a low-pressure method to drain the bladder and protect the kidneys in young children. [LOE 3]

2. Ileovesicostomy in children with SCI is associated with complications of residual urine and recurrent UTIs. [LOE 4]

3. Noncontinent ileal or colonic conduits in children are associated with complications of renal deterioration due to ureterointestinal 
anastomotic strictures and stomal stenosis. [LOE 2] 

4. Botulinum toxin injection of the bladder is a minimally invasive option that can temporarily improve symptoms of neurogenic 
bladder dysfunction in children with SCI. [LOE 3]

5. Bladder augmentation offers superior bladder-related quality of life compared to botulinum toxin injections of the bladder. 
[LOE 3]
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7.6.6 Recommendations

1. Surgical treatment of the bladder in children with SCI should only be considered if medical treatment has failed to provide low 
bladder pressures and continence. [LOE 3; GOR C]

2. Surgeons should recommend vesicostomy as a temporary measure in infants and children with SCI when medical management 
and CIC are ineffective or cannot be implemented. [LOE 3; GOR C]

3. Surgeons should not perform sphincterotomy or botulinum toxin injection in the urinary sphincter in boys with SCI, except in 
circumstances where a condom catheter can be fitted to the penis and the family is fully aware of the potential complications. 
[LOE 3; GOR B]

4. Surgeons should not recommend ileovesicostomy in children. [LOE 3; GOR B] 

5. Surgeons should not recommend Ileal or colonic noncontinent diversion in children with SCI because of the severe potential 
complications. [LOE 2; GOR B]  

6. Surgeons may offer endoscopic injection of botulinum toxin in the bladder as a temporary treatment of neurogenic bladder 
dysfunction in children with SCI. [LOE 3; GOR C]

7. Bladder augmentation with or without creation of a catheterizable channel may be offered to older children who can be 
catheterized reliably and who have failed medical management. [LOE 3; GOR B]

8. Surgical procedures to increase bladder outlet resistance should be offered in patients with an incompetent urinary sphincter 
and incontinence. [LOE 3; GOR C]

9. Surgeons may recommend bladder neck sling or artificial sphincter insertion over less-effective methods such as bulking agent 
injection in children with SCI. [LOE 4; GOR C]
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7.7  Special Considerations in Bowel 
Management in the Urological 
Management of Children with 
Spinal Cord Injury

Urological and gastrointestinal problems have a major impact on the quality of life of children with 
SCI, negatively impacting daily activities and restricting social development. Even more, bladder 
and bowel autonomy are predictive factors in the success of discharging a patient home after initial 
treatment for the injury.102 Bowel alterations are due to dysfunction on peristaltic movement and 
on defecation. In addition, patients suffer from partial or complete loss of ability to consciously feel 
stools in rectum or to initiate or delay defecation with a high prevalence of fecal incontinence and/
or constipation.103 Signs, symptoms, and complications include prolonged intestinal transit, fecal 
impaction, abdominal distension, colonic dilatation, and megacolon. In the search for improv-
ing quality of life of the children, specialized centres have developed bladder-bowel management 
programs tailored to each patient’s needs. The essentials of bowel management in young people with 
SCI entail complete and regular defecation, continence, expediency, aesthetics, and prevention of 
constipation and complications.104,105

Evidence acquisition

A literature review performed through PubMed using MeSH terms “bowel management,” “medullar 
trauma,” and “children” resulted in 39 articles being selected, from which 13 seemed relevant for this 
review. Finally, 10 articles were available and contained useful information about bowel management 
in spinal cord injury in children.

Bowel management

Bowel management includes a variety of different approaches. No single method has proven to be 
satisfactory, and every patient must undergo a “trial and error method” for each approach to find 
the most suitable scheme for his or her own bladder and bowel regimen. These approaches include 
addition of dietary regular toileting habit, digital stimulation and manual removal of stool, stool 
softeners, oral laxatives, suppositories, enemas, oral cathartics, anal plugs, biofeedback, and nerve 
stimulation.102,104,105

Bowel programs should be initiated in children 2 to 4 years of age or earlier if they are experienc-
ing diarrhea or constipation.103 Therefore, prevention of incontinence must focus on proper tech-
nique, hygiene, as well as timing of performance of bladder and bowel management program.106 
Management of upper motor neuron bowel with a spastic external sphincter includes daily to every-
other-day suppository use, digital stimulation, and, if needed, oral agents to soften stool or laxative 
agents.106,107 Lower motor neuron bowel has an hypotonic external sphincter, also leading to fecal 
incontinence.106,107
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7.7.1 Nonpharmacologic measures 

Manual removal of stool is recommended in lower motor neuron lesion and areflexic bowel in combi-
nation with digital stimulation and spontaneous bowel evacuation, which can reduce the incidence 
of fecal incontinence, reduce duration of defecation (less than 60 minutes), and increase consistency 
of stool.103 Increased suprapubic or abdominal pressure (Credé manoeuvre or Valsalva manoeuvre) 
can contribute to achieving defecation but may be contraindicated in children with vesicoureteral 
reflux.104,105 Patients should take advantage of gastrocolic reflex for defecation timing and adopt a 
gravity-aided position. Bowel emptying by sitting on a toilet or commode facilitates the process 
because of the mechanics of the vertical position that enable better intestinal transit.104

7.7.2 Pharmacologic measures 

Pharmacologic measures are required in 80% of patients. This can be oral, rectal, or a combination 
of both. Oral laxatives are recommended if there is completeness of sensory function and are related 
to longer defecation times (longer than 60 minutes).104 Oral laxatives can increase the occurrence of 
fecal incontinence, leading to more difficulties in bowel evacuation and increased consumption of it 
over time.103 Approximately 34% of patients will require an additional laxative or stool softener or 
combination thereof.103

7.7.3 Rectal irrigations/enemas

Transanal irrigation (TAI) consists of administration of isotonic saline solution at 20 mL/kg for 
5 minutes through a rectal catheter with posterior abdominal massage, every 1 to 2 days. In children 
with SCI, use of TAI has been shown to reduce the use of diapers in 73% of patients with SCI.106 TAI 
reduces hard stools in up to 20% of patients.106 In addition, reduction in fecal incontinence has been 
reported in up to 29% in patients using this modality.107 Improvements in bowel continence are seen 
when treatments are carried out consistently over 30 months.108

Potential complications associated with this procedure are allergic reaction to latex, trauma and 
perforation of rectum and colon, electrolyte imbalance, hyponatremia, bacteremia with posterior 
endocarditis, infections of rectum and colon, and autonomic dysreflexia.

Bowel evacuation is accomplished by “Malone,” a catheterizable conduit with a stoma on the lower 
abdomen linked to the proximal colon. In general, the appendix can be used, allowing the introduc-
tion of an enema directly into the cecum.109

7.7.4 Nerve stimulation

The main principle of this approach is to improve bowel motility by causing smooth muscle contrac-
tion in the distal colon.110

The Praxis multifunctional implantable functional electrical stimulation (FES) system (Cochlear 
Ltd, Australia) is a 22-channel implant stimulator for bowel and bladder function and epineural 
electrodes. Bladder and bowel stimulation require extradural pararadicular electrodes on the S2, S3, 
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and S4 mixed nerve roots, with final position determined by the simulated response and guidance 
from fluoroscopy. Low-frequency electrical stimulation of bilateral S3 can increase anal and sphinc-
ter pressure. With daily use, a reduction in time of defecation was reported. Improved satisfaction in 
bowel management was noted after 2 months of treatment, with an increased frequency of stooling 
in larger quantities.110

7.7.5 Conclusions

1. Bowel management in the child with SCI is an integral part of the treatment plan. 

2. A stepwise, individualized approach can achieve the goals of early hospital discharge, prevention of constipation, and stool 
continence. 

3. Bowel programs can provide children and young adults with a good quality of life and social acceptability.

4. Transanal irrigation reduces hard stools and fecal incontinence. [LOE 3] 

7.7.6 Recommendations

1. A bowel program should be initiated immediately in children with SCI. [LOE 2; GOR B]

2. Oral or rectal stool softeners should be offered to prevent constipation in children with SCI. [LOE 2; GOR B]

3. Transanal irrigation should be offered for children with hard stools and stool incontinence. [LOE 2; GOR C]

4. Creation of a catheterizable channel for antegrade enema administration should be considered in children with SCI. [LOE 3; GOR C]
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