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Signi®cance of low compliance bladder in cauda equina injury
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Study design: Prospective investigation using serial urodynamic studies.
Objective: To evaluate type of neurogenic bladder and to observe changes of autonomous
detrusor contraction (ADC) after the normalization of the compliance and capacity of the
bladder in cauda equina injury.
Setting: Spinal Cord Injury Unit, Yonsei Rehabilitation Hospital, Seoul, Korea.
Methods: Urodynamic studies were performed in 50 patients with complete cauda equina
injury from trauma with an infusion ratio of 30 ml/min. Findings of urodynamic studies and
clinical features of patients with low compliance were compared with those of the normal
compliant patients. Fourteen patients with low compliance received oral administration of
oxybutynin and propiverine and intravesical instillation of oxybutynin to increase the
compliance and capacity of the bladder, and follow-up urodynamic studies to monitor the
change were undertaken.
Results: Bladder compliance was decreased in 14 (28%) patients and normal in 36 (72%)
patients. There was a signi®cantly long time interval between the onset of injury and the
initiation of rehabilitative treatment in the neurogenic bladder group with low compliance
when compared to those of the normal compliance group (P50.05). Clean intermittent
catheterization was used as the voiding method, signi®cantly less than the normal compliance
group (P50.05). ADC was observed in six out of fourteen patients with low compliance
neurogenic bladder, but none in the normal compliance group. Upon the completion of
conservative treatment, ADC disappeared in four patients whose compliance and capacity of
the bladder were normalized on follow-up urodynamic studies.
Conclusion: ADC was only observed in the low compliant bladder and as ADC disappeared
when compliance and capacity of the bladder was normalized; low compliance appeared to be
the main cause of ADC. In addition, this study supports that the maintenance of compliance
of the bladder may be the most important factor in the management of neurogenic bladder.
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Introduction

E�ective management of the neurogenic bladder in
patients with spinal cord injury is an important part of
rehabilitation, since it does not only improve the
quality of life but also shortens hospital stay due to
complications. However, clinical manifestations of
neurogenic bladder are variable depending upon the
level and completeness of spinal cord injury. Methods
of treatment and management are also variable,
including behavior therapy, adjuvant therapy, medica-
tion and surgery.1,2

In general, an are¯exic neurogenic bladder usually
appears in patients with cauda equina injury due to
damage of the pelvic nucleus and pudendal nucleus in
the sacral cord.3 However several studies reported
atypical ®ndings such as autonomic detrusor contrac-
tion (ADC) or low compliance in cauda equina
injury.4 ± 6 This atypical neurogenic bladder causes a
continuous increase of intravesical pressure during
urination, and this, subsequently, leads to a deteriora-
tion of renal function.7 ± 9 Therefore, it is important to
increase the compliance of the bladder.10,11

In this study, we ®rst evaluate the types of
neurogenic bladder in patients with cauda equina
injury using neurophysiologic and urodynamic studies.
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Second, in cases with a low compliance bladder, we
re-evaluated the change in bladder status after the
normalization of the maximal capacity and compliance
of the bladder by conservative treatment, including
oral administration and intravesical instillation
of oxybutynin chloride, oral administration of
propiverine hydrochloride, and intermittent catheter-
ization. Lastly, the characteristics of the bladder with
ADC were investigated, and the persistency of ADC
after conservative treatment was also evaluated.

Materials and methods

From 1998 to 2000, the 50 patients included were
admitted to Yonsei Rehabilitation Hospital for trau-
matic cauda equina injury. Those who had active
urinary tract infection during the study, an associated
suprasacral lesion, incomplete cauda equina lesion, and
non-traumatic origin were excluded. The subjects
underwent electrophysiologic study; nerve conduction
study, electromyography, pudendal nerve somatosen-
sory evoked potential study, and bulbocavernous re¯ex
study to con®rm complete injury of cauda equina.
There were 26 males and 24 females with the average
age of 31.1 years. Informed consents were obtained
from each patient, and the medical ethical committee
at this hospital approved this study.

Age, sex, voiding method and duration of rehabi-
litative treatment of the subjects after injury was
evaluated, and the sensory and motor status and
re¯exes of the a�ected area were also clinically
evaluated. A urodynamic study was performed with
a Duet urodynamic machine (Dantec, Denmark), and
the maximal bladder capacity, maximal detrusor
pressure, compliance and involuntary detrusor con-
traction were measured during the ®lling phase. This
study was done by an infusion of normal saline at the
rate of 30 ml/min through a double lumen catheter,
and a pressure sensor device placed at the rectum
measured the abdominal pressure. Measuring the
volume of the bladder until an abrupt rise in detrusor
pressure during ®lling phase, and then dividing this
volume by the detrusor pressure calculated compli-
ance. We de®ned ADC as an involuntary contraction
with an increase of more than 15 cmH2O in detrusor
pressure, and the normal bladder capacity was de®ned
when the bladder volume was more than 400 ml.
Those whose compliance was higher than 15 ml/
cmH2O were assigned to the normal compliance
group, while those whose compliance was lower than
15 ml/cmH2O were assigned to the low compliance
group. The time span to the hospitalization following
injury, voiding method prior to admission, interval
between the onset of injury and rehabilitative treat-
ment, maximal bladder capacity, maximal detrusor
pressure and presence or absence of ADC were
compared between the two groups.

In the low compliance group or those with ADC,
5 mg of oxybutynin chloride in 20 ml of distilled water
were again mixed with 20 ml of normal saline, and this

mixture was intravesically instilled twice a day for 7
days for an interval of 4 weeks.12,13 In addition, 20 mg
of oxybutynin and between 20 and 40 mg of
propiverine were given orally. When the bladder
volume reached more than 400 ml and when no
incontinence was clinically observed following inter-
mittent catheterization, 5 times per day, the medica-
tion was stopped. After 3 days of discontinuation of
medication, follow-up urodynamic studies were re-
peatedly performed to evaluate any changes of
neurogenic bladder by the same method.

For statistical analysis, SPSS statistical program for
Windows was used, and independent t-test, paired t-
test and Chi-square test were used. It was de®ned
statistically signi®cant when P50.05.

Results

Comparison of clinical and urodynamic parameters
between two groups
Among 50 patients, the compliance was within the
normal range in 36 patients whereas 14 patients had
decreased compliance (Table 1). No di�erence with
statistical signi®cance was observed between two
groups in age and sex. In the low compliance group,
the mean time from the onset of injury to hospitaliza-
tion was 7.8 months, while the mean time interval from
the onset of injury to rehabilitative treatment was 3.4
months in the normal compliance group, showing a
longer time interval in the low compliance group
(P50.05). For the normal compliance group, the
number of clean intermittent catheterizations as the
voiding method was greater than that of the low
compliance group (P50.05).

In the low compliance group, the mean compliance
and mean maximal bladder capacity were 8.3 ml/
cmH2O and 266.1 ml, respectively, lower than those of
the normal compliance group, and were statistically
signi®cant (P50.01). On the other hand, the mean
maximal detrusor pressure in the low compliance

Table 1 General characteristics of subjects

Normal Low
compliance compliance
(n=36) (n=14)

Male : female (No. of cases) 20 : 16 6 : 8
Agea (years) 32.9+13.69 26.2+14.89
Time from injurya (months) 4.9+2.91 7.8+4.26*
Time interval between injury
and rehabilitative treatmenta

(months)

3.4+2.67 5.9+5.00*

Voiding method (No. of cases)
Clean intermittent
catherterization

20* 2

Re¯ex voiding 11 7
Foley catheterization 3 5
Normal voiding 2 0

aValues are mean+standard deviation. *P50.05
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group was 58.1 cmH2O, higher than that in the normal
compliance group (P50.01) (Table 2).

ADC in the low compliance group
ADC during the ®lling phase was only observed in six
of 14 patients in the low compliance group, but was
not observed in the normal compliance group. In these
six patients, the mean compliance (4.3 ml/cmH2O) and
mean maximal bladder capacity (128.8 ml) were lower
than those of the other patients without ADC (n=8),
while the mean maximal detrusor pressure
(70.8 cmH2O) was higher than that of those eight
patients without ADC, and was statistically signi®cant
(P50.05) (Table 3).

E�ect of normalization of compliance in the low
compliance group
All 14 patients in the low compliance group received
both oral administration and intravesical instillation of
oxybutynin and oral administration of propiverine
while intermittent catheterization was simultaneously
performed. The medication was stopped when the
bladder capacity was clinically measured to be more
than 400 ml with no evident incontinence, and an
urodynamic study was performed 3 days after for the
evaluation of changes in the bladder. The mean
duration of therapy to follow-up was 54.2+12.7 days.
The mean compliance and mean maximal bladder
capacity increased from 8.3 ml/cmH2O and 266.1 ml at
the beginning to 25.0 ml/cmH2O and 340.9 ml with
statistical signi®cance (P50.05). Meanwhile, the mean
maximal detrusor pressure decreased from 58.1 cmH2O
to 30.8 cmH2O, also with statistical signi®cance
(P50.05) (Table 4).

E�ect of normalization of compliance and capacity of
bladder in ADC
For those six patients with ADC detected on
urodynamic study, follow-up showed that the ADC
disappeared in four of them. In these cases, the
compliance and maximal bladder capacity returned to
the normal range. Although an increase in the
compliance and maximal bladder capacity of the

bladder was seen, they were not within the normal
range, and especially, the compliance was minimally
improved in the remaining two patients with persistent
ADC (Table 5 and Figure 1).

Discussion

In patients with spinal cord injury, the goal of
management of neurogenic bladder is the preservation
of renal function and maintenance of urinary con-
tinence for a better social integration.1,14 Therefore, the
low compliance neurogenic bladder is clinically receiv-
ing special attention because it causes deterioration of
renal function as well as causing hydronephrosis.15,16 It
is well known that patients with cauda equina injury
involving the sacral cord containing the pelvic nucleus
and the pudendal nucleus, typically show the high
compliance are¯exic neurogenic bladder, but the low
compliance and/or small volume bladder is also
clinically encountered in these patients. In the study
done by Gunasekera et al,4 16 of 34 subjects showed
low compliance, and low compliance bladder was
observed in 28% of our patients in this study. When
low compliance bladder was compared with the normal
compliance group, the interval between the onset of
injury and the initiation of rehabilitative treatment was
signi®cantly longer, and there were a higher number of
voiding methods either by Crede's maneuver or by
indwelling catheter prior to admission.

Previous studies proposed three possible mechan-
isms for the development of a low compliance bladder.

Table 2 Comparison of urodynamic parameters according
to compliance

Normal Low
compliance compliance
(n=36) (n=14)

Compliances (ml/cmH2O) 53.0+54.96 8.3+4.29*
Maximal bladder capacity

(ml)
470.9+68.12 266.1+144.01*

Maximal detrusor pressure
(cmH2O)

20.9+17.51 58.1+33.67*

Values are mean+standard deviation. *P50.01

Table 3 Comparison of urodynamic parameters according
to autonomous detrusor contraction in low compliance
neurogenic bladder

Autonomous Are¯exic
bladder bladder
(n=6) (n=8)

Compliances (ml/cmH2O) 4.3+2.75 9.0+4.01*
Maximal bladder capacity
(ml)

128.8+40.04 300.9+124.69*

Maximal detrusor pressure
(cmH2O)

70.8+45.23 48.6+20.09*

Values are mean+standard deviation. *P50.05

Table 4 E�ect of conservative treatment on urodynamic
parameters in low compliance neurogenic bladder (n=14)

Before After
treatment treatment
(n=6) (n=8)

Compliances (ml/cmH2O) 8.3+4.29 25.0+16.52*
Maximal bladder capacity
(ml)

266.1+144.01 340.9+156.32*

Maximal detrusor pressure
(cmH2O)

58.1+33.67 30.8+16.10*

Values are mean+standard deviation. *P50.05
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First, they suggested that it was due to the changes of
passive properties of the detrusor muscle. In this
hypothesis, the proposed mechanism was prolonged
infection and stimulation causing structural changes in
the bladder wall such as ®brosis.17 ± 20 The second
possible mechanism is of myogenic origin,21 the
denervated muscles were changed to the increased
collagen ®bers and hypertrophy of smooth muscles
®bers.22,23 The third possible mechanism is of neuro-
genic origin. Levin et al24 stated that hypertrophy of
the detrusor muscle could induce a hyperactivity of
nerve and muscle cell, Neal et al25 and Norlen26

asserted that low compliance was induced by auton-
omous contraction of newly produced cholinergic
nerve ®bers due to prolonged injury of parasympa-
thetic nerves.

In this study, several cases in the low compliance
group were managed by indwelling catheterization
without intermittent clamping during the early phase
of injury. We thought that this might hinder the
bladder to be properly distended, and further decrease
of compliance of the bladder resulted. In addition,
since the time interval between the onset of injury and

the rehabilitative treatment was relatively longer and
since voiding methods prior to admission were
signi®cantly di�erent, changes in passive properties
of the detrusor muscle is believed to be the main cause
of low compliance.

In the patients with cauda equina injury, a more
serious clinical problem is the hyperre¯exic bladder
due to ADC. In this study, six (42.9%) out of 14
patients with low compliance bladder had ADC, and
these patients showed a signi®cant decrease in the
compliance and capacity of the bladder compared to
those without ADC. The study done by Gunasekera et
al,4 reported that among 34 patients with lower motor
neuron injury, detrusor hyperre¯exia was observed in
20 patients. Among these 20 patients, low compliance
bladder was found in 16 and normal compliance in
four. In this study, ADC was observed only in the low
compliance bladder.

Although it is still uncertain what the exact
mechanism of ADC in low compliance bladder due to
lower motor neuron injury is, Shingleton and Bodner16

observed ADC in the isolated detrusor muscle speci-
men of cats with cauda equina injury and concluded

Table 5 E�ect of conservative treatment on autonomic detrusor contraction in low compliance neurogenic bladder (n=6)

Compliances (ml/cmH2O) Max. bladder capacity (ml)

Patients Before After Before After ADC*

1
2
3
4
5
6

3.7
3.3
9.8
2.1
3.6
3.3

14.3
34.5
25.0
15.6
6.6
10.1

173
169
98
80
150
103

350
454
500
420
270
269

Disappeared
Disappeared
Disappeared
Disappeared

Present
Present

Mean 4.3+2.76 17.7+10.32 128.8+40.04 377.2+96.69

*ADC: Autonomic Detrusor Contraction

Figure 1 Urodynamic study in 26-year-old female patient with cauda equina injury showed a signi®cant increment in the
maximal bladder capacity from 98 to 500ml after 2 months of conservative therapy. (A) Prior to therapy, the detrusor pressure
began to increase at 90ml of infusion volume. The maximal detrusor pressure was 87 cmH2O while the compliance was 9.8ml/
cmH2O. The autonomous detrusor contraction (ADC) was observed in the ®lling phase. (B) The follow-up urodynamic study
following the conservative treatment showed typical ®ndings of are¯exic neurogenic bladder. The maximal detrusor pressure
decreased from 87 to 21 cmH2O and the compliance increased from 9.8 to 25.0ml/cmH2O, respectively
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that it was myogenic in origin. However, Norlen26

asserted that this contraction of the detrusor muscle
resulted from the action of the sympathetic nervous
system on the alpha-adrenergic receptor. On the other
hand, Kinder and Mundy27 claimed that ADC
developed by the peri-vesical nerves, and Langley and
Anderson28 reported that the detrusor muscle con-
tracted when the lumbar spinal cord was stimulated
electrically. Moreover, Elbadawi and Schenk29 docu-
mented that there was a peripheral ganglion, called
`urogenital short neuron system', on the wall of the
bladder and urethra, and they claimed that complete
demyelination of the bladder did not occur even after
the nerve damage.

In this study, the resolution of ADC was noted in
four of six patients in which the compliance and
capacity of the bladder was normalized after 2 months
of conservative treatment. Oxybutynin chloride has
anti-muscarinic, antispasmodic and local anesthetic
actions on smooth muscle,1,14 whereas propiverine
hydrochloride is a calcium channel blocker that has
antispasmodic and anticholinergic actions on smooth
muscle.30,31 Therefore, it is di�cult to determine
whether the decrease in local cholinergic nerve activity
or antispasmodic action is responsible for the normal-
ization of compliance, resulting in the resolution of
ADC. Nevertheless, our results indicate that since
ADC is caused by the decrease in the compliance and
capacity of the bladder, it is imperative to maintain
the adequate capacity and compliance of the bladder
for the management of neurogenic bladder in patients
with cauda equina injury.

For the further investigation of the origin of ADC,
we plan to determine whether there is any e�ect on
ADC when only a pure anticholinergic or pure
antispasmodic drug is used. Moreover, a conventional
urodynamic study using warm normal saline in low
compliance bladder, an ice saline provocative urody-
namic study that can determine the activity of
unmyelinated c-®ber study32,33 and a KCl provocative
urodynamic study that can identify the detrusor
instability due to chronic in¯ammation34,35 will be
simultaneously performed for a more accurate evalua-
tion.

In summary, our results suggested that in patients
with cauda equina injury, the clinical history and
physical examination, combined with a urodynamic
study should be performed to evaluate the pattern of
neurogenic bladder, such as the presence of a
hyperre¯exic or low compliance bladder. In addition,
through the evaluation of change of the bladder after
the normalization of the compliance and capacity of
the bladder, we were able to assess the importance of
the early initiation of rehabilitative treatment follow-
ing injury. Finally, despite the fact that the con-
servative treatment was e�ective in normalizing
compliance and resolving ADC in patients with
atypical neurogenic bladder, long-term e�ect and exact
mechanism have not been proven, and a further study
is needed.

Conclusions

From 1998 to 2000 at Yonsei Rehabilitation Hospital,
urodynamic studies were performed in 50 patients with
traumatic cauda equina injury. In the low compliance
group, combined medical treatment and intermittent
catheterization was used to control incontinence. After
conservative treatment, follow-up studies were per-
formed to evaluate the change of bladder status and
change of ADC, and the following results were obtained.

(1) 28% (14) of the 50 subjects belonged to the low
compliance bladder, and these patients showed a
longer time interval between the onset of injury to
the initiation of rehabilitative treatment when
compared to those of the normal compliance group
with a statistically signi®cant di�erence (P50.05).

(2) The low compliance group had the higher maximal
detrusor pressure but a smaller maximal bladder
capacity with a statistical signi®cance (P50.01).

(3) ADC was only observed in six (42.8%) patients of
the low compliance group, and after conservative
treatment, ADC disappeared in four patients with
normalized compliance and maximal bladder
capacity.

Therefore, it is important to maintain the adequate
compliance and capacity of the bladder in patients
with cauda equina injury immediately following injury.
Moreover, considering the fact that ADC disappeared
after the normalization of the compliance and
maximal bladder capacity, ADC is thought to arise
from the activation of detrusor muscle induced by a
decrease in compliance.
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