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Objective  To compare the urodynamic study variables at the onset of vesicoureteral reflux (VUR) between the 
overactive and underactive bladders in patients with spinal cord injury who presented with VUR.
Methods  A total of 28 (13 cases of detrusor overactivity and 15 detrusor underactivity) men were enrolled. 
We compared the urodynamic variables between the two groups; detrusor pressure and bladder compliance, 
the infused volume at the onset of VUR measured on a voiding cystourethrography and cystometric capacity, 
maximum detrusor pressure, and bladder compliance during filling cystometry were recorded.
Results  At the onset of VUR, the bladder volume and compliance, except for the detrusor pressure, showed a 
significant difference between the two groups. The detrusor pressure, bladder volume, and bladder compliance 
relative to the cystometric capacity showed a significant difference between the two groups. The detrusor pressure, 
bladder volume, and bladder compliance at the onset of VUR relative to the cystometric bladder capacity did not 
show any significant difference between the two groups.
Conclusion  There were differences in some variables at the onset of VUR depending on the type of neurogenic 
bladder. The VUR occurred at a lower capacity in neurogenic bladder with detrusor overactivity than in neurogenic 
bladder with detrusor underactivity at the same pressure. VUR occurred at a lower intravesical pressure compared 
to that known as the critical detrusor pressure (≥40 cm H2O) required for the development of VUR. The results 
of our study demonstrate that the detrusor pressure should be maintained lower than the well known effective 
critical detrusor pressure for the prevention and treatment of VUR.
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INTRODUCTION

Unless appropriately treated, neurogenic bladder after 
spinal cord injury would lead to bladder deformity or 
other complications, such as vesicoureteral reflux (VUR), 
hydronephrosis, and renal failure [1]. VUR has been re-
ported to occur due to higher intravesical pressure and 
urethral pressure, low bladder compliance, and thicken-
ing of the bladder wall resulting in changes at the vesi-
coureteric junction and intramural obliquity. Untreated 
VUR may lead to hydronephrosis and upper urinary tract 
infection, and ultimately cause renal failure [2]. 

According to the anatomic level of the lesion, neu-
rogenic bladder after spinal cord injury is classified as 
suprasacral and infrasacral neurogenic bladder. Func-
tionally, based on the results of urodynamic study during 
the filling phase, neurogenic bladders can be classified 
into detrusor overactive or underactive [3,4]. VUR occurs 
regardless of the type of neurogenic bladder. However, 
there are no well-designed studies assessing the differ-
ences in urodynamic study variables depending on the 
type of neurogenic bladder.

In the present study, we compared the urodynamic 
study variables at the onset of VUR between overactive 
and underactive bladders in patients with spinal cord 
injury who presented with VUR. In addition, based on 
the results of urodynamic study at the onset of VUR, we 
attempted to present the baseline data and the relevant 
guidelines for the optimal time of voiding by intermittent 
catheterization for the prevention of VUR in patients with 
neurogenic bladder.

MATERIALS AND METHODS

Three hundred twelve patients with spinal cord injury 
underwent urodynamic study and voiding cystourethrog-
raphy on the same day from February 2008 to June 2011. 
Sixty-eight patients were confirmed to have VUR based 
on the international grading system [5] on voiding cys-
tourethrography. Patients with peripheral neuropathy, 
those with an evidence of urinary tract infection, those 
who had concurrent brain injury, and those who were 
taking drugs that may affect the intravesical pressure, 
such as anticholinergics or cholinergics, were excluded. 
Finally, a total of 28 men were enrolled in the pres-
ent study. In all of the study subjects, more than three 

months had elapsed since the onset of spinal cord injury. 
Mean age of the study subjects was 51.46±10.7 years. 
In these patients, a mean period of 92±103 months had 
elapsed since the spinal cord injury (Table 1).

The bladder was filled with a contrast medium using 
the drip infusion method and the infusion was controlled 
by an infusion pump at a rate of 50 mL/min. This was fol-
lowed by assessment of the amount of contrast medium 
infused until the onset of VUR. A urodynamic study was 
also performed on the same day as voiding cystoure-
thrography, and it was performed using Solar Gold (MMS, 
Enschede, The Netherlands). For performing these pro-
cedures, saline was infused into the bladder at room 
temperature at a rate of 24 mL/min using a two-lumen 
catheter. 

Detrusor overactivity was defined according to the stan-
dardization of the 2002 International Continence Society, 
and it is defined as a condition in which there are sponta-
neous or provoked involuntary detrusor contractions [6]. 
There were 13 cases of detrusor overactivity and 15 cases 
of detrusor underactivity in this study.

The amount of contrast medium infused into the blad-
der at the onset of VUR was measured on the voiding cys-
tourethrogram. The urodynamic variables, detrusor pres-
sure and bladder compliance, the infused volume at the 
onset of VUR measured on a voiding cystourethrogram 

Table 1. Demographic and clinical variables

Variable
Detrusor 

overactivity
(n=13)

Detrusor 
underactivity

(n=15)
Age (yr) 53.15±11.0 50.00±10.5

Duration of injury (mo) 120±133 67±63

Neurological level of injury

   Cervical 6 (46) 7 (46)

   Thoracic 3 (23) 4 (27)

   Lumbar and/or sacral 4 (31) 4 (27)

AIS

   A 5 (38) 5 (33)

   B 1 (8) 1 (7)

   C 4 (31) 7 (47)

   D 3 (23) 2 (13)

Values are presented as mean±standard deviation or 
number (%).
AIS, American Spinal Injury Association impairment 
scale.
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and cystometric capacity, maximum detrusor pressure, 
and bladder compliance during filling cystometry were 
recorded. We compared the urodynamic variables be-
tween the bladders with detrusor overactivity and detru-
sor underactivity. Statistical analysis was performed with 
the Mann-Whitney test using SPSS ver. 18.0 (SPSS Inc., 
Chicago, IL, USA).

RESULTS

In the detrusor overactivity group, the detrusor pres-
sure, bladder volume, and bladder compliance at the 
onset of VUR were 19.23±20.96 cm H2O, 120.38±88.56 
mL, and 39.12±69.79 mL/cm H2O, respectively. In the 
detrusor underactivity group, the detrusor pressure, 
bladder volume, and bladder compliance at the onset 
of VUR were 10.06±9.94 cm H2O, 282.33±172.82 mL, and 
68.60±134.57 mL/cm H2O, respectively (Table 2). 

The detrusor pressure, bladder volume, and blad-
der compliance during filling cystometry in the de-

trusor overactivity group were 62.00±29.96 cm H2O, 
230.61±79.42 mL, and 12.64±21.39 mL/cm H2O, respec-
tively. In the detrusor underactivity group, the detru-
sor pressure, bladder volume, and bladder compliance 
during filling cystometry were 25.04±20.73 cm H2O, 
457.06±141.93 mL, and 33.74±39.27 mL/cm H2O, respec-
tively (Table 3). At the onset of VUR, the bladder volume 
and bladder compliance, except for the detrusor pres-
sure, showed a significant difference between the two 
groups. The detrusor pressure, bladder volume, and 
bladder compliance relative to the cystometric bladder 
capacity showed a significant difference between the two 
groups (p<0.05). The detrusor pressure, bladder volume, 
and bladder compliance at the onset of VUR relative to 
the cystometric bladder capacity did not any significant 
difference between the two groups (Table 4).

DISCUSSION

Ku et al. [7] reported that the incidence of VUR after 

Table 2. Comparison of urodynamic variables at the onset of vesicoureteral reflux between the two groups

Variable Detrusor overactivity Detrusor underactivity p-value
Bladder capacity (mL) 120.38±88.56 282.33±172.82 0.01

Detrusor pressure (cm H2O) 19.23±20.96 10.06±9.94 0.61

Compliance (mL/cm H2O) 39.12±69.79 68.60±134.57 0.02

Values are presented as mean±standard deviation.

Table 3. Comparison of urodynamic variables during filling cystometry between the two groups

Variable Detrusor overactivity Detrusor underactivity p-value
Bladder capacity (mL) 230.61±79.42 457.06±141.93 <0.001

Detrusor pressure (cm H2O) 62.00±29.96 25.04±20.73 0.001

Compliance (mL/cm H2O) 12.64±21.39 33.74±39.27 0.001

Values are presented as mean±standard deviation.

Table 4. Comparison of urodynamic ratios: the onset of vesicoureteral reflux vs. the cystometric capacity between the 
two groups

Detrusor overactivity Detrusor underactivity p-value
Bladder capacity ratio (a:A) 0.67±0.54 0.63±0.35 0.52

Detrusor pressure ratio (b:B) 0.38±0.49 0.42±0.28 0.27

Compliance ratio (c:C) 3.12±3.89 1.58±1.00 0.33

a, bladder capacity (mL); b, detrusor pressure (cm H2O); c, compliance (mL/cm H2O) at the onset of vesicoureteral re-
flux.
A, bladder capacity (mL); B, detrusor pressure (cm H2O); C, compliance (mL/cm H2O) during filling cystometry.
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spinal cord injury was 15.1%. Kaufman et al. [8] reported 
that the prevalence of VUR was 56% in patients with en-
cephalocele whose intravesical pressure was relatively 
higher. Gerridzen et al. [9] reported that there were 
complications in the upper urinary tract among patients 
whose intravesical pressure was higher than 115 cm H2O. 
McGuire et al. [10] demonstrated that there was a sig-
nificant correlation between the leak point pressure of 
>40 cm H2O and the risk of complications in the upper 
urinary tract. In addition, Hackler et al. [11] reported that 
among the 254 studied patients with spinal cord injury, 
the incidence of VUR was relatively higher in the low 
compliance group. Many studies have been conducted 
to examine the incidence of VUR following spinal cord 
injury, the causative factors of VUR, and the urodynamic 
study variables. However, there has been no study as-
sessing the urodynamic variables at the onset of VUR in 
patients with spinal cord injury who had VUR.

In the current study, we compared the urodynamic 
study variables at the onset of VUR depending on the 
type of neurogenic bladder. Our results showed that the 
VUR occurred at a relatively lower capacity in the neuro-
genic bladder with detrusor overactivity than in the neu-
rogenic bladder with detrusor underactivity. The bladder 
compliance at the onset of VUR was higher in the neuro-
genic bladder with detrusor underactivity. The detrusor 
pressure did not show any significant difference between 
the two types of neurogenic bladder. The detrusor pres-
sure was 19.23±20.96 cm H2O in the detrusor overactivity 
group and 10.06±9.94 cm H2O in the detrusor underactiv-
ity group. This indicates that the VUR occurred at a lower 
pressure than that indicated by the well-known urody-
namic study variables: leak point pressure of 40 cm H2O 
[10], maximal detrusor pressure of 70 cm H2O [12].

Both urodynamic study and voiding cystourethrogra-
phy are routinely performed in different conditions from 
the physiological natural bladder filling. It can therefore 
be inferred that the results of these studies would be dif-
ferent from those obtained in physiological conditions. 
Filling rate of the filling media would affect the bladder 
compliance and the maximal cystometric capacity. Even 
at a lower filling rate of <20 mL/min, the detrusor pres-
sure during bladder filling would be increased compared 
with that during natural bladder filling [13]. It is also 
known that the bladder compliance would be decreased 
with an increase in the filling rate [14]. In the current 

study, at a filling rate of 24 mL/min, we attempted to 
minimize the effects that may be generated during arti-
ficial filling. In addition, when a urodynamic study was 
performed twice consecutively, the bladder volume and 
compliance were increased during the second session as 
compared with those in the first session of bladder filling 
with saline [15]. In the current study, instead of a video-
assisted urodynamic study, we presented the results of 
voiding cystourethrography and urodynamic study. This 
is one of the limitations of the present study that there 
is a lack of synchrony. Further studies are warranted to 
minimize these effects by performing a video-assisted 
urodynamic study.

In the current study, we performed urinalysis to exclude 
urinary tract infection that can affect bladder compliance 
and detrusor pressure on the same day as urodynamic 
study and voiding cystourethrography [16,17]. 

We conducted the current study only in male patients 
with spinal cord injury. It is known that there are sex-re-
lated differences in the VUR, and the incidence of VUR is 
relatively higher in women than in men [18]. This might 
be due to the anatomical differences, higher incidence of 
urinary tract infection, and a higher mean maximum de-
trusor pressure in women. 

With regard to the type of neurogenic bladder depend-
ing on the level of spinal cord injury, Bors and Comarr [19] 
classified neurogenic bladder into the upper motor neu-
ron bladders and lower motor neuron bladders depend-
ing on whether the level of injury was suprasacral or in-
frasacral. These authors reported that there was a higher 
prevalence of detrusor overactivity in cases of upper mo-
tor neuron injury and detrusor underactivity in cases of 
lower motor neuron injury. As compared with the other 
sites of spinal cord injury, the incidence of VUR has been 
reported to be relatively higher in cases of injury to the 
neurological level of T10-L2 [20]. However, there was no 
significant difference in the type of neurogenic bladder 
depending on the sites of spinal cord injury in our study. 

It is known that the development of VUR is mainly due 
to factors, such as high leak point pressure [10] and high 
maximum detrusor pressure [12]. There are no estab-
lished criteria for the optimal detrusor pressure for pre-
venting injury to the upper urinary tract in patients with 
VUR. 

We found that there was a significant difference in the 
results of the urodynamic study at the onset of VUR de-
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pending on the type of neurogenic bladder. It was also 
observed that the VUR occurred at a lower capacity in the 
neurogenic bladder with detrusor overactivity than in 
the neurogenic bladder with detrusor underactivity. Our 
results also showed that VUR occurred at a detrusor pres-
sure of <40 cm H2O, the leak point pressure which has 
been recognized so far as the critical level for the devel-
opment of VUR in both types of neurogenic bladder.

In conclusion, there were differences in some urody-
namic variables at the onset of VUR depending on the 
type of neurogenic bladder. The VUR occurred at a lower 
capacity in the neurogenic bladder with detrusor overac-
tivity than in the neurogenic bladder with detrusor un-
deractivity at the same pressure. VUR occurred at a lower 
intravesical pressure compared to that known as the 
critical detrusor pressure required for the development 
of VUR. Further studies are warranted to examine the 
role of detrusor pressure in order to effectively prevent 
the development of VUR. The results of our present study 
demonstrate that the detrusor pressure should be main-
tained lower than the well-known effective critical detru-
sor pressure for the prevention and treatment of VUR.
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