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Abstract
Introduction: A recent article has reported that postinjury 
bladder overdistension (OD) deteriorates lower urinary tract 
function in the mouse spinal cord injury (SCI) model. How-
ever, there have been no reports examining the effect of 
postinjury bladder OD on lower urinary tract function in hu-
man SCI patients. Objective: The aim of the study was to in-
vestigate the effect of postinjury bladder OD during the 
acute bladder-areflexia phase on the subsequent lower uri-
nary tract storage function in patients with SCI. Methods: 
Thirty-one patients with OD (OD group) and 19 patients 
without OD (non-OD group) during the acute bladder-are-
flexia phase were included in the study. All patients were 
confirmed to be completely paralyzed. Their lower urinary 
tract function was retrospectively evaluated through urody-
namic studies 1, 3, and 5 years after injury. Qualiveen-30 
questionnaire was used for the evaluation of quality of life. 
Results: No significant difference was observed in the maxi-
mum cystometric capacity between the OD and non-OD 
groups in their urodynamic evaluation; however, the maxi-

mum bladder pressure was significantly higher, and the 
bladder compliance was significantly lower in the OD group. 
The incidence of detrusor overactivity tended to be higher 
in the OD group, but no significant difference was observed. 
The use of anti-muscarinics was significantly higher in the 
OD group. No significant differences were observed in Quali-
veen-30 scores between both groups. Conclusions: These 
results suggest that postinjury bladder OD during the acute 
phase deteriorates lower urinary tract storage function in pa-
tients with SCI during the later phase. Thus, it is assumed that 
a well-planned regular intermittent catheterization in the 
early spinal shock phase would be important for control of 
patients’ subsequent storage function.

© 2020 S. Karger AG, Basel

Introduction

Spinal cord injury (SCI) prevents voluntary control of 
voiding, which initially leads to areflexic bladder (spinal 
shock) and urinary retention. However, after a few 
months, detrusor overactivity (DO) appears, which 
causes urinary incontinence and affects quality of life 
(QoL). In addition, DO-induced high storage pressure is 
a risk factor for the progress of upper urinary tract dete-
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rioration and symptomatic urinary tract infection. To re-
duce DO, we usually administer medications, including 
anticholinergics or beta-3 agonists. In addition, other 
treatment strategies, including intradetrusor botulinum 
toxin A injection [1] or neuromodulation [2], are now 
available to overcome DO.

However, a few decades ago, we had no treatment 
strategies except for anti-muscarinics, and the treatment 
of anti-muscarinics-refractory patients was a severe prob-
lem. In 1980, Delaere et al. [3] tried bladder overdisten-
sion (OD) under epidural anesthesia in 53 patients with 
unstable bladder. Unfortunately, their results were dis-
couraging because of the recurrence of DO and other 
complications, indicating that bladder OD is not effective 
once DO has occurred. Based on this study, we previous-
ly hypothesized that bladder OD in the period of spinal 
shock, when DO has not yet emerged, might be effective 
for patients with complete paralysis to reduce their sub-
sequent DO and urinary incontinence. In 1984, we pre-
liminarily reported favorable results [4]. However, the 
clinical effectiveness of this study was evaluated only by 
short-term subjective symptoms, and no objective long-
term evaluation, including urodynamic study, was per-
formed.

On the other hand, Wada et al. [5] recently reported 
that postinjury bladder OD deteriorates lower urinary 
tract function in the mouse SCI model. However, there 
have been no reports analyzing the effect of bladder OD 
on lower urinary tract function in human SCI patients. 
Although our data are very old and obtained about 20–30 
years ago, we consider that a reexamination of the effect 
of bladder OD on subsequent lower urinary tract function 
could result in significant findings, and the results of anal-
ysis may give us some useful information. Therefore, in 
the present study, the urodynamic data for 5 years after 
bladder OD were retrospectively evaluated and compared 
with those of patients who received regular intermittent 
catheterization with less than 400 mL of capacity on each 
occasion.

Materials and Methods

Study Design and Patient Characteristics
We retrospectively reviewed the clinical data of SCI patients 

between January 1982 and December 2007 in a single institution. 
Patients who were hospitalized within 14 days after injury and 
evaluated with urodynamic studies for more than 5 years after in-
jury were included. Finally, we included 31 patients (28 men and 
3 women) managed with OD (OD group) and 19 patients (15 men 
and 4 women) managed without OD (non-OD group) and retro-
spectively evaluated their subsequent lower urinary tract storage 

function. The recruitment period was 1984–2004 in the OD group 
and 1982–2007 in the non-OD group. All patients had a confirmed 
complete paralysis with suprasacral SCI and were also supposed to 
undergo clean intermittent catheterization (CIC) in the future. Ta-
ble  1 presents the demographic parameters of the patients, and 
there were no significant differences between these 2 groups. This 
study was conducted in accordance with the Declaration of Hel-
sinki’s (2013) ethical guidelines for clinical research and was ap-
proved by the Institutional Review Board at our institution.

Bladder Overdistention and Follow-Up with Urodynamics
In the non-OD group, regular intermittent catheterization with 

<400 mL capacity on each occasion was performed 4–5 times per 
day. In the OD group, once the complete paralysis was confirmed 
at the first week after hospitalization, regular intermittent cathe-
terization was discontinued and bladder OD was begun. In this 
group, intermittent catheterization was performed twice a day 
with 600–1000 mL volume of urine on each occasion. This man-
agement of these groups continued until self-catheterization was 
initiated. The median OD period was 21 days (Table 1). The selec-
tion of patients for the OD group or non-OD group depended on 
the doctor in charge of the patient. Between January 1982 and De-
cember 2007, our hospital had 2 leading urologists. One urologist 
managed patients with OD and the other managed patients with-
out OD during the initial spinal shock phase.

Urodynamic assessments performed at 1, 3, and 5 years after 
injury were evaluated. The patient was in the supine position, and 
the bladder was filled with saline plus contrast media at a speed of 
50 mL/min using an 8-French transurethral catheter for the mea-
surement of bladder pressure. Urodynamic assessment parameters 
included maximum cystometric capacity, maximum bladder pres-
sure (MBP), bladder compliance, and DO during the storage 
phase. The Qualiveen-30 questionnaire was used to evaluate the 
patients’ QoL. We could not evaluate serum Cr or renal ultraso-
nography because some of the data were too old and could not be 
obtained.

Statistical Analysis
Data are expressed as median values (interquartile ranges, 

IQR). The differences in continuous variables between the OD and 
non-OD groups were evaluated using the Mann-Whitney’s U test. 
The categorical variables between the OD and non-OD groups 
were assessed using Fisher’s exact test. A p value of <0.05 was con-
sidered to be statistically significant. All statistical analyses were 
performed with EZR [6], which is a graphical user interface for R.

Table 1. Demographic parameters

OD (+) OD (−) p value

Patients, n 31 19
Sex (male:female) 28:3 16:3 0.661
Age at injury, years 27 (22.5–36.0) 30 (21.5–37.5) 0.802
Duration of overdistention, 

days 21 (17.5–32.0) –
Injury levels (C/T/L) 2/22/7 3/11/5 0.443

OD, overdistension.
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Results

Urodynamic Parameters and QoL
At 5 years after injury, all patients had still been man-

aged with CIC for their urinary management. Maximum 
cystometric capacity was not significantly different be-
tween the OD and non-OD groups at 1 (OD: 400 [280–
500] mL, non-OD: 400 [388–400] mL, p = 0.434), 3 (OD: 
400 [310–460] mL, non-OD: 400 [313–400] mL, p = 
0.271), and 5 years (OD: 400 [263–400] mL, non-OD: 
400 [338–400] mL, p = 0.375) after SCI (Fig. 1). How-
ever, MBP in the OD group was significantly higher than 
that in the non-OD group at 1 (OD: 54.4 [27.2–73.4] 
cmH2O, non-OD: 27.2 [17.5–48.8] cmH2O, p = 0.010), 
3 (OD: 54.4 [34.0–81.6] cmH2O, non-OD: 24.0 [16.4–

50.3] cmH2O, p = 0.027), and 5 years (OD: 48.8 [38.7–
81.6] cmH2O, non-OD: 28.6 [18.5–47.6] cmH2O, p = 
0.013) after SCI (Fig. 2). In addition, the bladder compli-
ance was significantly lower in the OD group than in the 
non-OD group 3 years after SCI (OD: 11.0 [5.9–14.7] 
mL/cmH2O, non-OD: 20.0 [11.9–47.5] mL/cmH2O, p = 
0.013, Fig. 3). No significant differences were observed 
in Qualiveen-30 scores between these 2 groups (data not 
shown) (Fig. 3).

Incidence of DO and Prescription of Anticholinergics
The incidence of DO tended to be higher in the OD 

group than that in the non-OD group, but no significant 
difference was observed (Table 2). The use of anticholin-
ergics was significantly higher in the OD group than in 
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Fig. 1. Comparison of MCC between the OD and non-OD groups 
at 1 (a), 3 (b), and 5 years after SCI (c). The data are presented as 
median values (IQR). MCC, maximum cystometric capacity; OD, 
overdistension; SCI, spinal cord injury.

Fig. 2. Comparison of MBP between the OD and non-OD groups 
at 1 (a), 3 (b), and 5 years after SCI (c). The data are presented as 
median values (IQR). MBP, maximum bladder pressure; OD, 
overdistension; SCI, spinal cord injury.
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the non-OD group at 1 (p = 0.029), 3 (p = 0.013), and 5 
years (p = 0.013) after SCI (Table 3).

Discussion

The present study demonstrates that the lower urinary 
tract storage function had deteriorated significantly more 
in the OD group than in the non-OD group, which sug-
gests that initial postinjury bladder management with 
regular intermittent catheterization is important to main-
tain a better urinary tract storage function. How to con-
trol the storage function is crucial to providing patients 
with SCI who undergo CIC with better QoL for their uri-
nary management; therefore, many attempts have been 

made to maintain a better storage function for them. 
Sievert et al. [7] reported that early sacral neuromodula-
tion preserves bladder compliance and prevents the 
emergence of DO in patients with complete suprasacral 
SCI. Animal studies have also demonstrated that early 
medications, intradetrusor botulinum toxin A, and neu-
romodulation can modify the long-term bladder function 
after SCI [8–10]. In 1984, we hypothesized that bladder 
OD in the period of spinal shock may prevent the recov-
ery of DO and urinary incontinence and reported pre-
liminary favorable results [4]. However, the clinical effec-
tiveness of this study was evaluated only with short-term 
subjective symptoms. Therefore, in the present study, we 
evaluated the long-term objective findings, including the 
urodynamic data at 1, 3, and 5 years after bladder OD 
(OD group), and compared this with patients who re-
ceived regular intermittent catheterization with less than 
400 mL of capacity on each occasion (non-OD group). 
Unfortunately, as shown in the results section, the ob-
tained results were contrary to our hypothesis and dem-
onstrated that bladder OD in the period of spinal shock 
worsens lower urinary tract storage function and increas-
es the use of anticholinergics. These results indicate that 
the concept of early bladder distension after SCI to im-
prove the bladder function in the future has failed and 
even showed worse results than beginning with regular 
CIC immediately.

Table 2. Comparison of the incidence of DO between the OD and 
non-OD groups at 1, 3, and 5 years after SCI

OD (+) OD (−) p value

1 year after injury 50% (14/28) 25% (4/16) 0.125
3 years after injury 52% (13/25) 33% (6/18) 0.351
5 years after injury 55% (12/22) 33% (4/12) 0.297

OD, overdistension; DO, detrusor overactivity; SCI, spinal 
cord injury.

Table 3. Comparison of the use rate of anticholinergics between 
the OD and non-OD group at 1, 3, and 5 years after SCI

OD (+) OD (−) p value

1 year after injury 62% (18/29) 25% (4/16) 0.029
3 years after injury 56% (14/25) 17% (3/18) 0.013
5 years after injury 64% (14/22) 17% (2/12) 0.013

OD, overdistension; SCI, spinal cord injury.
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Fig. 3. Comparison of bladder compliance between the OD and 
non-OD groups at 1 (a), 3 (b), and 5 years after SCI (c). The data 
are presented as median values (IQR). OD, overdistension; SCI, 
spinal cord injury.
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The mechanisms of the emergence of DO after SCI have 
been investigated extensively and the hyperexcitability of 
bladder afferent pathways has been proposed as a patho-
physiological basis of neurogenic DO [11, 12]. Bladder OD 
is considered to stimulate increased levels of neurotro-
phins, including nerve growth factor in the bladder wall 
[13], and they are taken up by afferent nerve endings and 
transported to dorsal root ganglion cells where they medi-
ate the expression of genes, leading to modulation of ion 
channels and increased excitability of neurons [11, 14]. 
Adenosine triphosphate receptors and transient receptor 
potential channels are involved in sensitization of C fiber 
bladder afferent pathways after SCI [11]. Recently, Wada 
et al. [5] demonstrated that frequent bladder emptying can 
prevent bladder hypertrophy through avoiding bladder 
OD and reduce the expression level of nerve growth factor 
in the bladder of an SCI mouse model, which results in the 
improvement of lower urinary tract dysfunction. Yokoya-
ma et al. [15] also reported that intermittent catheteriza-
tion was performed less frequently in patients with wors-
ening bladder compliance. Taken together, it is now gener-
ally accepted that bladder OD is one of the risk factors for 
the emergence of DO after SCI. Although the results ob-
tained in this study were contrary to our hypothesis, our 
results are reasonable against the recent evidence and pro-
vide us with an important suggestion that the urinary man-
agement with regular intermittent catheterization in the 
acute phase of SCI is important to maintain lower urinary 
tract storage function in a better condition after SCI.

There are some limitations to the present study. First, 
this was a retrospective study. Second, the number of pa-
tients was small, which may be the reason why no signifi-
cant differences in comparisons of some of the parameters 
were observed. Despite these limitations, we believe that 
the results of the present study are significant because this 
is the first report to examine the influence of bladder OD 
during the initial spinal shock phase on subsequent lower 
urinary tract storage function in human patients with SCI.

Conclusion

These results suggest that postinjury bladder OD wors-
ens lower urinary tract storage function after SCI, as 
shown by an increase in MBP and a decrease in bladder 
compliance. Thus, it is assumed that a well-planned ini-
tial management strategy guaranteeing low bladder fill-
ing volumes would be important for the control of lower 
urinary tract dysfunction in patients with SCI.
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