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Abstract 
Aim: The purpose of this study was to investigate the association between the detrusor muscle function and the 
level of the spinal cord injury. 
Material & Methods: An observational study including 50 patients was conducted in the Department of Urology, 
ESICMCH, Bihta, Patna, Bihar, India . Written informed consent was obtained from all participants. 
Results: There was a total of 50 individuals with traumatic SCI, of whom 25 (50%) had cervical injury, 12 (24%) 
had thoracic injury, 8 (16%) had lumbar injury, and 5 (10%) had sacral vertebral injury. Among these individuals, 
29   had   neurologically   complete   injuries   and   21 incompletes (according to ASIA) at the time of examination. 
All but one cervical patient with DO and detrusor sphincter dyssynergia were negative for sacral cord lesion. Only 
one of the 12 patients with thoracic-level injuries had normal urodynamic findings and sacral cord lesion, whereas 
none of the patients had detrusor areflexia. None of the 8 patients with lumbar cord injuries with DO and detrusor 
sphincter dyssynergia had positive sacral cord lesion, whereas all four patients with detrusor areflexia were 
positive for sacral cord lesion.  Low bladder compliance was seen in 15 cases with DO, 14 cases with detrusor 
sphincter dyssynergia, while in only four cases with detrusor areflexia and one with normal bladder. Most of the 
patients with suprasacral cord lesions had high detrusor leak point pressures.  
Conclusion: Bladder function differs according to the level of injury. It is, therefore, important to define the 
neurological lesion to appreciate the voiding dysfunction  and thereby to develop an appropriate  management  
plan for long-term urologic care. Bladder management should be directed towards protection of upper tracts, 
prevention of infection, autonomic dysreflexia, and encouraging bladder emptying at low pressures, as the first 
and foremost goal. Despite consistent data regarding classic voiding dysfunction with complete injuries, 
multiplicity of injury may contribute to complicated urodynamic findings. Therefore, urodynamic evaluation is 
crucial to correctly identify  the type of voiding dysfunction and to optimize long-term management. 
Keywords: Detrusor, Bladder, Neurogenic, Spinal cord injuries, Bladder management, Urodynamic study 
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Introduction 

Spinal cord injury (SCI), a devastating event, [1] is 
acquired by almost half a million people each year 
worldwide. [2] Besides motor recovery, i.e., the 
ability to walk or utilize the upper extremities, lower 
urinary tract (LUT) [3,4] and cardiovascular system 
(CVS) [5] function are among the primary priorities 
for patients with SCI. [6] The damage of spinal cord 
injury (SCI) is not just limited to the mobility of the 
patients, but it might impose disabling 
complications such as spasticity, bowel and bladder 
dysfunction and chronic neuropathic pain that 
reduce the quality of life. [7] Neurogenic bladder is 
one of those complications of SCI that can be life-
threatening. [8,9] More than 80% of these 

individuals exhibit at least some degree of bladder 
dysfunction and one of the most fundamental steps 
following the initial injury is bladder management. 
[10] Urologic complications continue to be an 
important reason for high morbidity in long-term 
SCI survivors. [11] NLUTD is associated with 
urological morbidity, such as urosepsis, urinary 
incontinence, and the risk of deteriorating renal 
function and has a significant negative impact on 
health-related quality of life. [12,13] Consequently, 
recovery of bladder function is often identified as 
one of the top priorities in patients with SCI. [14] 

Due to the potential for changes in neurological and 
lower urinary tract (LUT) function during the first 
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year after SCI, neuro-urological management aims 
to maintain or improve upper urinary tract (UUT) 
and LUT function and to identify and treat patients 
with risk factors for urological morbidity. [15] Also 
changes in bladder or outlet activity may make it 
impossible to always predict accurately lower 
urinary tract activity solely on the basis of 
neurologic lesion. 

Several factors merit consideration as contribution 
to this inexact correlation. First, degeneration and 
reorganization of crucial neural pathways distal to 
the lesion with or without neural sprouting at the 
level of injury may affect the neurologic and 
urodynamic findings. Second, SCI may be 
incomplete, thereby partially allowing the 
integration and modulation of complex micturition 
signals at multiple levels of the nervous system. 
Multiple injuries coexisting at different levels can 
result in unpredictable mixed voiding dysfunction. 
[16] 

Management of the urinary tract has an important 
role in improving quality of life and reducing the 
mortality in patients with SCI. The most instructive 
and essential procedure for this management is the 
urodynamic evaluation. [17] The urodynamic 
investigation is the only method that can objectively 
assess the function of the lower urinary tract. [18] 

The most common urologic complications following 
SCI are UTI, upper and lower urinary tract 
deterioration, and bladder or renal stone.  [9]  

The purpose of this study was to investigate the 
association between the detrusor muscle function 
and the level of the spinal cord injury. 

Material & Methods 

An observational study including 50 patients was 
conducted in the Department of Urology, 
ESICMCH, Bihta, Patna, Bihar, India  for one year  
Written informed consent was obtained from all 
participants. 

Inclusion Criteria  

Patients with SCI of more than 3 months duration 
who were willing to undergo urodynamic 
evaluation. 

 Exclusion Criteria  

All those who were diagnosed with urinary tract 
stones, foreign body, symptomatic UTI, or any other 
bladder abnormality were excluded from the study. 

Methodology  

All patients underwent routine history and physical 
examination, including evaluation of perianal 
sensation, anal sphincter tone, and sacral reflexes 
along with bladder diary and urodynamic study. The 
patients were divided into neuroanatomical groups 
based on the clinical neurological level. Patients 
were also categorized as complete or incomplete, 
based on American Spinal Injury Association 
Classification (ASIA), in which subgroups based on 
the integrity of the sacral dermatomes were made. 
Those with abnormalities of the sacral reflex arc 
(absent bulbocavernosus reflex, and lax anal 
sphincter tone) were deemed positive for the 
presence of sacral cord lesion and those with intact 
sacral reflexes were deemed negative for sacral cord 
lesion. All the patients considered for the study 
underwent routine testing including blood counts, 
renal function tests, urine microscopy, urine culture 
and sensitivity, radiographs, and diagnostic 
ultrasound of the urinary tract. 

Urodynamic evaluation  

Urodynamic evaluation on each patient was 
performed using Ellipse, which is a Danish-designed 
German urodynamic device from Andromeda 
(Buckinghamshire, UK, established as Mediplus in 
1986) placed in our department. It consisted of a 
filling phase and a voiding phase cystometrogram 
along with perineal muscle electromyography 
(EMG). A 9F double-lumen catheter was introduced 
transurethrally into the bladder. One lumen was used 
for bladder filling at an average flow rate of 21 
ml/min (according to ICS guidelines) and another 
was used to record intravesical pressure. Intra-
abdominal pressure was recorded by a 12F rectal 
catheter. Through multichannel pressure 
transduction, intravesical and intra-abdominal 
pressures were simultaneously transduced on a strip 
chart recorder. Sphincter EMG was performed using 
patch electrodes (Ambu blue sensor NF) by an 
experienced electromyographer. 

Results

Table 1: Neurological level of injury 
Neurological level of injury Complete Incomplete 
Cervical 15 10 
Thoracic 10 2 
Lumbar 2 6 
Sacral 2 3 

There was a total of 50 individuals with traumatic SCI, of whom 25 (50%) had cervical injury, 12 (24%) had 
thoracic injury, 8 (16%) had lumbar injury, and 5 (10%) had sacral vertebral injury. Among these individuals, 29   
had   neurologically   complete   injuries   and   21 incomplete (according to ASIA) at the time of examination. 
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Table 2: Urodynamic findings in spinal cord injury at each level in accordance with sacral cord lesion 
(SCL) 

Neurological 
level 

Detrusor 
overactivity 

Detrusor 
sphincter 
dyssynergia 

Detrusor 
areflexia 

Normal 

 SCL 
+ 

SCL  
− 

SCL 
+ 

SCL 
− 

SCL 
+ 

SCL 
− 

SCL 
+ 

SCL 
− 

Cervical 1 10 0 15 2 0 0 0 
Thoracic 0 6 0 7 0 0 1 0 
Lumbar 0 3 0 2 4 0 0 5 
Sacral 1 1 0 0 3 0 0 0 

 
All but one cervical patient with DO and detrusor 
sphincter dyssynergia were negative for sacral cord 
lesion. Only one of the 12 patients with thoracic-
level injuries had normal urodynamic findings and 
sacral cord lesion, whereas none of the patients had 

detrusor areflexia. None of the 8 patients with 
lumbar cord injuries with DO and detrusor sphincter 
dyssynergia had positive sacral cord lesion, whereas 
all four patients with detrusor areflexia were positive 
for sacral cord lesion. 

  
Table 3: Bladder compliance at various levels of spinal cord injury 

 Low bladder compliance 

 Detrusor overactivity Detrusor sphincter dyssynergia Detrusor areflexia Normal 
Cervical 10 10 1 0 
Thoracic 2 4 0 1 
Lumbar 2 0 3 0 
Sacral 1 0 0 0 

 
Low bladder compliance was seen in 15 cases with DO, 14 cases with detrusor sphincter dyssynergia, while in 
only four cases with detrusor areflexia and one with normal bladder. 
 

Table 4: Leak point pressure at various levels of spinal cord injury (mmHg) 

 
Most of the patients with suprasacral cord lesions 
had high detrusor leak point pressures. 

Discussion 

Urologic complications continue to be an important 
reason for high morbidity in long-term spinal cord 
injury (SCI) survivors. Longitudinal studies 
compiled from rehabilitation centers reveal a high 
incidence of urinary tract infection (UTI; incidence 
of bacteremia at least one episode in 1 year being 
66.7–100% depending on various bladder 
management methods), [19] renal stones (8%), 
bladder stones (36%), vesicoureteral reflux, 
hydronephrosis, and renal  deterioration. [20-22] 
These complications can lead to renal failure, death 
rate from which reported in the 1960s was between 
37 and 76%. [23] 

There was a total of 50 individuals with traumatic 
SCI, of whom 25 (50%) had cervical injury, 12 
(24%) had thoracic injury, 8 (16%) had lumbar 
injury, and 5 (10%) had sacral vertebral injury. 
Among these individuals, 29   had   neurologically   
complete   injuries   and   21 incomplete (according 

to ASIA) at the time of examination. All but one 
cervical patient with DO and detrusor sphincter 
dyssynergia were negative for sacral cord lesion. 
Only one of the 12 patients with thoracic-level 
injuries had normal urodynamic findings and sacral 
cord lesion, whereas none of the patients had 
detrusor areflexia. None of the 8 patients with 
lumbar cord injuries with DO and detrusor sphincter 
dyssynergia had positive sacral cord lesion, whereas 
all four patients with detrusor areflexia were positive 
for sacral cord lesion.  Low bladder compliance was 
seen in 15 cases with DO, 14 cases with detrusor 
sphincter dyssynergia, while in only four cases with 
detrusor areflexia and one with normal bladder. 
Most of the patients with suprasacral cord lesions 
had high detrusor leak point pressures. A poorly 
compliant bladder distends with high intra- vesical 
pressure at relatively low volumes, and may lead to 
vesicoureteral reflux and places the upper urinary 
tract at even greater risk for deterioration, as has 
been explained by Weld et al [24] Hackler et al [25] 
and McGurie et al [26] Samson et al [27] said that a 
highly com- pliant bladder is associated with 

 Leak point pressures  
 Detrusor hyperreflexia Detrusor sphincter dyssynergia Detrusor areflexia Normal 
>40 19 24 7 2 
<40 6 6 3 4 
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hyporeflexive or are- flexive bladder as seen in 
lower motor neuron injuries, which is in close 
agreement to the findings  in  our study in which the 
patients with low bladder compliance had either DO 
or detrusor sphincter dyssynergia. But  our findings  
do  not match with the findings of Weld and 
Dmochowski, who demonstrated a higher frequency 
of impaired compliance in the sacral injury group, 
which can be explained on the basis of a relatively 
smaller sample  size  in  our  study. [28]  

Arnold et al [29] reported two cases of upper motor 
neuron lesions with detrusor areflexia. Light et al 
[30] reported on 13 patients with suprasacral SCI 
and detrusor areflexia who were evaluated with 
somatosensory testing and sacral evoked potentials. 
In our series, since somatosensory testing and 
evoked potentials were not performed, one can only 
speculate on the incidence of subclinical sacral cord 
injury. Most of the patients with traumatic thoracic 
cord lesions in our study had complete  lesions. In 
fact, in our series, all patients with traumatic thoracic 
cord lesions had either DO or detrusor sphincter 
dyssynergia and negative sacral cord signs except 
one who had normal bladder function. Patients with 
mixed cord lesions or simultaneous thoraco-lumbar 
injury  have less predictable voiding dysfunction, as 
noted by Yalla and Andriole. [31] 

Conclusion 

Bladder function differs according to the level of 
injury. It is, therefore, important to define the 
neurological lesion to appreciate the voiding 
dysfunction  and thereby to develop an appropriate  
management  plan for long-term urologic care. 
Bladder management should be directed towards 
protection of upper tracts, prevention of infection, 
autonomic dysreflexia, and encouraging bladder 
emptying at low pressures, as the first and foremost 
goal. Despite consistent data regarding classic 
voiding dysfunction with complete injuries, 
multiplicity of injury may contribute to complicated 
urodynamic findings. Therefore, urodynamic 
evaluation is crucial to correctly identify  the type of 
voiding dysfunction and to optimize long-term 
management. 
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