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Towards a catheter free status in neurogenic bladder dysfunction: a
review of bladder management options in spinal cord injury (SCI)

F Jamil*,1

1Duke of Cornwall Spinal Treatment Centre, Salisbury, Wiltshire

Study design: Review.
Objectives: To assess current available options for bladder management in SCI patients the
post-acute phase.
Methods: Relevant articles were extracted from medline and Cinahl between 1966 ± 1999. In
addition, references earlier than 1966 that were listed in these articles were identi®ed and
extracted.
Results: Catheterisation (indwelling or self intermittent) is still carried out by the majority of
SCI patients with more morbidity for indwelling catheterisation. Other methods include
condom drainage, suprapubic tapping and supreapubic pressure are used and are associated
with less complications. Complicated procedures like sacral anterior root stimulator and
entero-cystoplasty are carried out with the onset of or impending complications.
Conclusion: Several methods of bladder management are available in the post-acute phase of
SCI. The method used has to be based on urodynamic characteristics with the aim of
producing a continent bladder with adequate low pressure storage capacity. Modern
management of the bladder in SCI has successfully reduced renal related mortality in SCI
from 95% in the ®rst half of the 20th century to the present 3%.
Spinal Cord (2001) 39, 355 ± 361

Keywords: spinal cord injury (SCI); bladder management; indwelling catheter; FES

Introduction

While bladder management in acute spinal cord injury
always involves catheterisation, one third of patients still
use indwelling catheterisation for long-term bladder
management. Ideally, bladder management is guided
by the urodynamic characteristics. However, a less than
ideal bladder management is often pursued depending on
anatomical factors and patients preferences.

The end of the Second World War and the Korean
War saw the onset of a steady decline in renal related
mortality of the spinal cord injured patient. Amongst
the factors suggested to have contributed to such
improvement were: (a) intermittent catheterisation; (b)
maintenance of catheter free status; (c) improved
control of urinary tract infection; (d) specialised
centres of care; (e) long term renal surveillance; (f)
modern urodynamic testing; (g) improved treatment of
calculi.1

The reduction in renal disease related mortality in
spinal cord injury (SCI) patients was clearly demon-
strated in several publications about the subject. In
1958, Russi2 reported the result of autopsy studies of

55 paraplegics who did not die immediately after
injury. They had an average life expectancy of 53
months. Genito-urinary diseases were present in
90.2%. Renal disease, as the primary pathological
diagnosis was present in 20.3%.2 In 1963, Tribe3

reported the results of post-mortem studies of 122
cases of chronic paraplegics from Stoke Mandeville
hospital. Fifty-three of the deaths were primarily of
renal failure, all but three had chronic pyelonephritis.

Follow-up studies of World War II and the Korean
War paraplegic veterans at 25 years showed a drop in
renal related mortality from 63% to 26%. Renal
amyloidosis accounted for 40% of causes of renal
failure.4 Further study of Vietnam War paraplegic
veterans showed that mortality at 15 years follow-up
was 20% and renal related mortality was half of those
of the World War II and Korean War paraplegic
veterans. The authors attribute this reduction to the
achievement of catheter free status with the use of
external sphincterotomy.5

Large European spinal treatment centres were also
reporting this steady reduction in renal related
mortality in SCI patients. A 15-year follow-up study
from Ireland of 406 SCI patients up to 1982 found
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renal related mortality to be around 0.5%.6 A 17-year
follow-up study from She�eld of 885 patients up to
1978 found only 13 urological related mortality
(0.015%) and no urological related female mortality
out of the remaining 86 females with chronic spinal
cord injuries.7 De Vivo et al8 reported renal disease
related mortality to be around 3%.

Although more progress has been made in reducing
the incidence of renal failure than any other serious
complications of SCI, urinary tract complications
continue to be a prominent cause of concern and
morbidity.9 Factors such as change in bladder
physiology over time, the often insidious nature of
renal damage in SCI patients and the adoption by
patients of bladder management most convenient for
their physical and social needs all contribute to such
morbidity.1

In the acute phase of SCI, bladder management
varies between indwelling and intermittent catheterisa-
tion depending on the practice of the unit and the
®nancial resources of the health services. At 6 ± 12
weeks, when spinal shock phase would have resolved
in almost all patients, full video-urodynamics testing is
usually carried out. The urodynamic ®ndings help
guide the clinician in advising the patient on the
available choices of bladder management.

Bladder management options in the post-acute phase
of SCI

Clean intermittent catheterisation (CIC)
Widely accepted as method of choice. Patients who
meet certain criteria of adequate low pressure bladder
capacity with a minimum volume of 350 ± 400 mls,
unobstructed urethra and a compliant, understanding,
continent co-operative patient with adequate hand
function10 are suitable for CIC. The main advantage
of CIC is that it is the safest method of bladder
management with regard to renal protection according
to the studies published about the subject to date. There
are, however, a few disadvantages; some patients may
®nd it incompatible with social and/or work situations
and male patients with incomplete SCI who retain
urethral sensation may ®nd it painful. In addition,
forceful catheterisation against a closed external
sphincter may result in the formation of false tracks
with consequent stricture formation resulting in
increasing pain and length of time required for
catheterisation. Female patients with adductor spasms
or with poor hand co-ordination are unsuitable for CIC.

Sekar et al11 studied 1114 SCI patients who used
di�erent types of bladder management. Eighty per cent
of the study population were followed-up for 10 years
or less. Their ®nding was that while nearly a third of
the male patients were discharged on CIC, only 8%
continued to use it at 5 years and nearly 5% continued
to use it at 10 years. The majority switched to condom
drainage. Another study by Gallien et al12 of 123
patients with SCI, CIC was used in 65% of patients.

Urinary complications occurred in 75% of patients,
mostly urinary tract infection (UTI). Trauma of CIC
resulted in a high rate of epididymo-orchitis. Other
studies con®rmed similar rates of infection.13 Stover14

reported that the majority of patients abandon this
method of bladder management by 10 years.

Re¯ex voiding
Involuntary emptying, induced or spontaneous15 is
another method of bladder management which is used
in a wide range of SCI patients from complete upper
motor neurone to complete lower motor neurone and
also patients with incomplete or partial injuries. Patients
with supra-sacral injuries often have detrusor hyper-
re¯exia and detrusor sphincter dyssynergia (DESD)
resulting in elevated voiding pressures.16 Patients may
use CredeÂ manoeuvre, Valsalva manoeuvre or both to
empty their bladders. In addition, bladder contraction
may be triggered by supra-pubic tapping in bladders
that exhibit weak uninhibited contractions. Catheter
free status may be achieved through a program of ¯uid
restriction and intermittent catheterisation. Regular
voiding every 3 h with post void residual of less than
100 mls is an indication to discontinue intermittent
catheterisation.17 Prolonged periods of supra-pubic
tapping may be required to trigger detrusor contraction
and can therefore interfere with work or leisure
activities. CredeÂ manoeuvre and Valsalva manoeuvres
may exacerbate haemorrhoids, hernias and vesico-
ureteric re¯ux and are therefore, usually only suitable
for patients who are unable to do CIC and who have
weak urethral sphincter such as SCI male patients with
lower motor neurone lesions. Valsalva manoeuvre, may
worsen the dyssynergia (DESD).18

Indwelling catheter
Urethral or suprapubic is used by about a third of SCI
patients. The majority of female SCI patients rely on
indwelling catheterisation because they are unable,
unwilling or unsuitable for CIC. There are several
drawbacks to the use of indwelling catheter almost all
of which are due to the inevitable bacteriuria which is
polymicrobial and dynamic.

From the moment the urethral catheter is intro-
duced, the incidence of bacteriuria is 5% to 10% per
day.19 Almost all complications of urinary catheterisa-
tion are the result of the consequent bacteriuria.19

An indwelling catheter allows access, maintenance
and complications of bacteriuria through the following
mechanisms:19

(1) Acts as a conduit for the entry of micro-
organisms into the bladder.

(2) Allows for maintenance of bacteriuria through
providing a niche on its luminal and external
surfaces. It may also facilitate a transient
increase in the adhesiveness between bacteria
and uroepithelial cells.
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(3) As a foreign body, it may blunt the function of
PMN leukocytes leading to urethritis and/or
cystitis.

(4) The bacteria may include urease-producing
organisms causing stone formation and calcifi-
cation leading to obstruction.

Most of the knowledge about catheter complica-
tions come from clinical practice where catheter use
come under one of two categories:

(1) Short term use of less than 4 weeks. Bacteriuria
occur in about 15% in patients with short term
catheterisation, but due to the large number of
catheterisation for these purposes they are
responsible for about 900 000 episodes of
catheter associated bacteriuria in the United
States making them the most common of all
hospital acquired infections.20 Insertion of
urethral catheter results in transient bacteremia
in about 8% of patients21 but only 2% to 4%
of catheter associated bacteriuric patients
develop clinical gram-negative bacteremia.22,23

A study by Platt and co-workers found a
threefold increase in mortality in catheterised
patients with bacteriuria and nearly 50% of
those who died had features of serious
infection.24

(2) Long term or chronic catheterisation. The two
indications are chronic retention and chronic
incontinence. By far the largest group are found
in chronic care facilities where the prevalence of
chronic catheterisation is about 9%.19

Complications of chronic indwelling catheterisation

Fever
In one study25 of a group of chronically catheterised
women, two thirds of the total fevers were attributed to
possible urinary origin. Despite the febrile episodes
comprising only 2% of the total patients-days of the
study, six of the 12 deaths occurred during febrile
episodes of urinary origin. The incidence of death
during these febrile episodes was 60 times the incidence
of death during the afebrile episodes. Maximum
temperature 51028F and a presence of bacteremia
were signi®cantly associated with the deaths.

Acute pyelonephritis
In one study of 75 patients who died in chronic care
hospitals, 55 died with catheters in place, 40% of them
had pyelonephritis at the time of death, compared to
5% of non-catheterised patients. (P=0.004).19

Urinary stones
In one study of catheterised spinal injuries patients
who died of renal failure, 39% of those who died had

renal stones compared to 10% of those who died of
non-renal causes.26

Chronic renal in¯ammation
Autopsy studies of long term catheterised spinal
injuries patients revealed chronic in¯ammation in
65% to 95% of patients.26,2 In addition, in SCI
patients with end-stage renal disease (ESRD) renal
amyloidosis, papillary necrosis, pyonephrosis and peri-
nephric abscess are common.27 Histologically, there is
evidence of hypertensive arteriolo-nephrosclerosis
(uncontrolled hypertension), and progressive loss of
the remaining nephrons due to glomerular hyperfiltera-
tion and hypertension.28

Urinary malignancies29

In a study of 73 SCI patients followed-up for 20 years
or more there was a statistically signi®cant di�erence in
the incidence of renal caliectasis/scarring between the
catheterised (41%) and non-catheterised (17%) pa-
tients. There were nine lower urinary tract complica-
tions in the former compared to three for the latter.30

In another study of 57 SCI tetraplegics followed-up
for a mean period of 12 years, the overall incidence of
upper and lower urinary tract complications between
the 32 catheterised and the 25 non-catheterised
patients were found not to be signi®cantly di�erent.
The authors concluded that the decision to avoid an
indwelling catheter should re¯ect patient's comfort,
convenience and quality of life.31 It is noteworthy
however, that death rate in the catheterised group was
more than double that of the non-catheterised group
(14/32 vs 5/25).

Kim et al32 studied 109 male spinal injured patients
who used indwelling catheters for a mean period of
11.9 years. They found that of the 64 patients with
moderately or severely impaired compliance with a
leak point pressure 435 cm. H2O and on no
oxybutynin had 23% incidence of hydronephrosis,
27% incidence of febrile UTI, 22% incidence of re¯ux,
12% incidence of renal scars and 20% incidence of
stones.

Pharmacotherapy
Any of the above methods of bladder management in
SCI patients can be combined, when appropriate, with
drugs that can in¯uence the function of the bladder and/
or the urethra. (a) For incontinence, anticholinergic
drugs Oxybutynin and Probantheline. Oxybutynin
competitively blocks post-ganglionic acetylcholine
receptors and has local anaesthetic e�ects on the
bladder wall. Propantheline has a primarily anti-
cholinergic e�ect. The tricyclic antidepressant Imipra-
mine increases bladder capacity, suppresses uninhibited
bladder contractions and increases urethral resistance.33

Alpha-adrenergic agonists may increase outlet resis-
tance. Some success may be achieved in women with
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leakage around Foley catheter with incomplete SCI and
patulous urethra. It is essential to rule out detrusor
hyper-re¯exia and poor compliance with urodynamics
before using alpha-adrenergic agonists.35 (b) For
retention, the most commonly used medications are
those that decrease outlet resistance. Alpha-adrenergic
blocking agents may aid bladder emptying in patients
with detrusor-sphincter dyssynergia. They may also
relieve symptoms of autonomic dysre¯exia.34,35

Other medications used in the management of
neurogenic bladder dysfunction in SCI patients, either
in isolation or in combination with other drugs or
methods of bladder management include; drugs that
can relax the striated external sphincter, Baclofen
(GABA agonist), diazepam (increases GABA inhibi-
tory transmission in the spinal cord) and Dantrolene
(which acts peripherally by decreasing calcium release
from the sarcoplasmic reticulum). Intravesical capsa-
cin36 and anticholinergics37 may improve storage
capacity of the bladder. Occasionally, when conven-
tional anticholinergic medication fail to control
uninhibited detrusor contractions, desmopressin
(DDAVP) may be helpful in keeping patients dry at
night.38

Operative interventions

Operations on the sphincter mechanism (i) Sling
operation and peri-urethral injection of collagen in
female patients with intrinsic urethral sphincter
weakness. Male patients with similar problems can
be treated with arti®cial urinary sphincter (AUS).
There is a high risk of infection or erosion due to
frequent episodes of bacteriuria. In one study of SCI
patients with AUS, infection requiring the removal of
the device occurred in 24% of patients.39 Operations
to increase the sphincter resistance should not be done
in the presence of forceful uninhibited detrusor
contractions as it may cause back pressure on the
kidneys. Patients should also be warned of the high
probability of the need for self intermittent catheter-
isation post-operatively. (ii) Patients with retention
due to high outlet resistance: Pudendal nerve block or
neurectomy40 is rarely used today due to the risk of
faecal and urinary incontinence. (iii) Insertion of
stainless steel mesh stent endoscopically can keep the
membranous urethra open in SCI patients with
DESD. They become covered with epithelium in 3 ±
6 months thus avoiding encrustation. Other advan-
tages include reversibility and its utility in the
treatment of urethral stricture.41 More recent stents
like Memokath (thermosensitive temporary stent) in
particular those that stent the external sphincter and
the bladder neck were found, in one study, to be very
e�ective in reducing the volume of residual urine.
They were also found to be e�ective in reducing pre-
operative hydronephrosis and autonomic dysre¯exia.42

Another study, however, failed to demonstrate a
substantial bene®t; 19 out of 24 Memokath inserted

had to be removed.43 The authors of the study
recommended caution when using the stents in DESD
and not to use them in the presence of chronic urinary
tract infection. (iv) Botulinum toxin injection into the
external sphincter mechanism has had some success in
patients with DESD.44,45 (v) External sphincterotomy
has been in clinical practice for the last three
decades.46 There are many reports supportive of
sphincterotomy in the literature.46 ± 48 They reported
improvement in dysre¯exic symptoms, reduction in
residual urine volume, and reduction in the frequency
of urinary tract infection.

Disadvantages of external sphincterotomy include;
its non-utility for female patients, practical problems
with the ®tting of an external collecting device
particularly in obese patients with relatively small
genitalia, and skin reaction to the condom material.
Follow-up studies showed up to 50% failure rate
including stricture formation at the site of sphincter-
otomy, incomplete external sphincterotomy, failure to
include the bladder neck in the incision, and post-
operative bladder hypo-contractility.49

Operations on the bladder They are aimed at
increasing bladder capacity and/or rendering detrusor
contraction ine�cient. (i) Bladder auto-augmentation:
The procedure involves a complete myomectomy of
the dome of the bladder creating wide mouth
diverticulum. Stohrer et al50 reported good results in
50 patients who were given the operation over a
period of 7 years. They recommended its applicability
to patients with neurogenic voiding dysfunction with
small capacity, low compliance bladders that are
unresponsive to a less invasive method of bladder
management. (ii) Entero-cystoplasty like the Clam
entero-cystoplasty or other modi®cations of it. It is
suitable for patients with hyper-re¯exic bladder
contractions with relatively undamaged bladder wall
with competent sphincter mechanism and who are
unresponsive to less invasive methods of controlling
detrusor hyper-re¯exia. Patients with damaged or
incompetent sphincter mechanism should have, in
addition, either an arti®cial urinary sphincter, or,
bladder neck closure and a Mitrofano� stoma
constructed on the anterior abdominal wall. Patients
should be assessed for their ability to perform self
intermittent catheterisation (SIC) before they are
considered for the procedure. Complications include
excessive mucus production and its reported associa-
tion with high morbidity and a negative e�ect on the
patient's quality of life.51 Patients with damage or
advanced abnormality of the bladder wall and
competent sphincter mechanism, can bene®t from
lower urinary tract reconstruction where most of the
supra-trigonal bladder wall is removed and replaced
with detubularised, reconstructed bowel. In one study
of 28 patients who received such procedures, there was
a 70% stopping of incontinence, however, complica-
tions like recurrent UTI occurred in 59% of patients.
There was also 22% incidence of stone formation.
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Complications leading to further surgery occurred in
44% of patients.52 Detubularised reconstructed bowel
with continent catheterisable abdominal stoma can be
used as a complete urinary diversion eg Indiana pouch
(ileo-caecal bowel segment).53 Urinary diversion
(continent or otherwise) are most useful for female
patients with bladders that are too diseased to be used
as a reservoir. It is also recommended before surgery
on patients with complex urethro-cutaneous ®stulae.

Functional electrical stimulation (FES) Electrical
stimulation of the anterior roots of S2, 3 and 4 is
very successful in completely emptying the paralysed
bladder in people with spinal cord injury.54,55 The
device in use is the Finetech-Brindley Bladder
Controller. Over 2000 devices have been implanted
worldwide. The primary purpose is to improve
bladder emptying thus eliminating urinary infection,
to assist in defecation and to enable male patients to
have sustained full erection.56 The anterior roots of
S2, 3 and 4 are stimulated via a receiver block
implanted under the skin which is in turn stimulated
by electromagnetic induction at the radio frequencies
7 and 9 Mhz. Until recently, all implants were of the
intra-dural type, however, most centres are switching
to extra-dural implants in conjunction with posterior
root rhizotomy at the level of the conus medullaris.
The posterior root rhizotomy (dea�erentiation) cures
re¯ex incontinence, improves bladder compliance,
diminishes detrusor sphincter dyssynergia and ensures
that neither use of the implant nor over®lling of the
bladder will trigger autonomic dysre¯exia,56 ± 58 how-
ever, its e�ect on autonomic dysre¯exia was chal-
lenged in one study.59

The device (Finetech-Brindley Bladder Controller)
is suitable for any patient with complete, non-
progressive spinal cord lesion and a re¯ex bladder.
It can be recommended to female patients after 3
months and to male patients after 9 months of
complete supra-sacral SCI. The presence of three of
the four non-vesical sacral segment re¯exes (ankle
jerks, bulbo-cavernosus re¯ex, anal skin re¯ex and
re¯ex erection) and a phasic detrusor pressure rise of
35 cm H2O in the female and 50 cm H2O in the male
on cystometry indicates intact e�erent nerve supply to
the bladder and consequently the possibility of
success of the implant.

Patients with incomplete lesions, majority of
patients with multiple sclerosis, majority of patients
with spinal bi®da and all children, are unsuitable for
implantation of the device.56

Re¯ex erection and ejaculation will be lost with
posterior rhizotomy.56

Brindley54 reviewed the ®rst 500 cases up to 1994
with a mean follow-up period of 4 years. Infection rate
was 1%. Operations to remedy implant failures were
carried out in 20% of patients.

Wielink et al60 studied cost e�ectiveness and quality
of life analysis of 52 patients with sacral anterior root
stimulators and dorsal rhizotomy over a 3 year period.

They concluded that the device costs were recouped
within 8 years. Even though the general indicators of
the quality of life showed no signi®cant changes,
factors related to the psychological wellbeing, satisfac-
tion with bladder emptying and reduction of incon-
tinence were signi®cantly improved.

Long term studies from developed countries
indicate fairly good survival following SCI. Yeo et
al61 studied the mortality of 1453 SCI patients over a
40 year period. After excluding patients who died
within 18 months of their injury, they found that
survival of the complete tetraplegics was 70% of
normal population, 84% for the complete paraplegics
and at least 92% of normal for patients with
incomplete lesions. Figures from the model regional
SCI care systems in the US showed that while 12
years survival of those with a mean age of 19 years
for the incomplete paraplegics was 95% and for the
complete tetraplegics was 87%, survival for the same
period of those with a mean age of 59 years with
incomplete paraplegia was 72% and complete
tetraplegia of 18%.62 These publications show that
even though renal related mortality dropped to
around 3%, death from sepsis was around 9% and
death from undetermined cause was around 8%. It
could be argued that a good proportion of these
sepsis related deaths may be of urinary origin.
Urinary tract infection remains the most common
complication within 6 weeks of SCI (46%),63 and 1
year (59%) where catheter use for bladder manage-
ment is at its peak. Urinary tract infection becomes
the third most common complication at 30 years after
injury (14%)64 possibly because only about one third
of SCI patients use catheterisation as a method of
long term bladder management. Even studies that
showed no signi®cant di�erence in complication rates
between the catheterised and non-catheterised SCI
patients at 10 years found that the complication rate
and upper tract damage become signi®cant after 10 ±
12 years.30,31

Conclusion

Complications as a result of problems with bladder
drainage remain a source of mortality and signi®cant
morbidity for patients with spinal paralysis. The most
serious of these complications are related to the long
term use of indwelling catheterisation. Clean inter-
mittent catheterisation and non-catheterising methods
of bladder drainage such as re¯ex voiding and
external sphincterotomy with an external collecting
device, with or without appropriate pharmacotherapy,
are associated with low incidence of upper urinary
tract damage. Major surgery aimed at increasing
bladder capacity, increasing compliance and providing
continence have high complications and patients
dissatisfaction rates. FES o�ers a physiological
method of bladder drainage, however, division of
the posterior roots has limited its acceptance by the
patients. In addition, the expense of the implant,
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20% revision rate at 5 years and the technically
demanding nature of the procedure are restricting its
widespread use. Research aimed at avoiding division
of the posterior roots is underway.
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