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Abstract

Detrusor underactivity (DU) is a poorly understood dysfunction of the lower urinary tract which 

arises from multiple etiologies. Symptoms of DU are non-specific, and a pressure-flow 

urodynamic study is necessary to differentiate DU from other conditions such as overactive 

bladder (OAB) or bladder outlet obstruction (BOO). The prevalence of DU ranges from 10–48%, 

and DU is most prevalent in elderly males. The pathophysiology underlying DU can be from both 

neurogenic and non-neurogenic causes. In this article, we review the neurogenic causes of detrusor 

underactivity, including diabetic bladder dysfunction, spinal cord injury, multiple sclerosis, 

Parkinson’s disease, cerebrovascular accident, traumatic brain injury, and Fowler’s syndrome. As 

knowledge about the underlying causes of DU advances, there have been several potential 

therapeutic approaches proposed to help those who suffer from this condition.
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Introduction

Detrusor underactivity (DU) is a poorly understood dysfunction which arises due to 

multifactorial etiologies. The International Continence Society (ICS) defines DU as a 

bladder contraction of reduced strength and/or duration, resulting in prolonged bladder 

emptying and/or failure to achieve complete bladder emptying within a normal time span1. 

As such, DU can only be diagnosed with pressure-flow urodynamic studies. Furthermore, 

there is no agreed-upon consensus of what defines reduced contraction strength, prolonged 

bladder emptying, or normal voiding time span. In contrast, an international expert group 

recently defined underactive bladder (UAB) as a symptom complex suggestive of DU, and 

UAB is usually characterized by prolonged urination time with or without a sensation of 

incomplete bladder emptying, usually with hesitancy, reduced sensation on filling, and slow 
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stream2. The UAB definition is difficult because it includes a complex array of symptoms 

that vary from patient to patient.

The prevalence of DU has been shown to increase with age, and studies suggest that it is 

more common in men. Jeong et al. studied the prevalence of DU among elderly men and 

women with non-neurogenic lower urinary tract symptoms undergoing urodynamic testing3. 

They diagnosed DU in 40% of men and 13% of women. Half of the men with DU and three 

quarters of the women with DU had other abnormalities such as detrusor overactivity (DO) 

and reduced bladder compliance. Another recent study of 181 community-dwelling elderly 

patients identified an age dependent increase in the prevalence of DU, with 48% of men and 

12% of the women having impaired detrusor contractility (IDC) 4. Concomitant bladder 

outlet obstruction (BOO) was seen in 40% of the men in this study, although BOO was seen 

in only 10% of the men with IDC. Both studies imply etiologies other than BOO are at play 

in the development of DU in elderly patients.

There are multiple etiologies of DU. The most well recognized mechanisms include 

myogenic dysfunction from fibrosis and the disruption of efferent neural pathways from 

traumatic neurologic injury or disease5. More recently, bladder and urethral afferent damage 

has been proposed in the development of DU6. Such altered afferent function can cause 

micturition to end early, resulting in a significant reduction of voiding efficiency. Thus, 

there are both neurogenic and non-neurogenic etiologies that lead to the development of DU. 

This article will review the neurogenic causes of DU, with a focus on recent research that 

highlights the underlying pathophysiology and will discuss potential therapeutic targets to 

treat this bothersome condition.

Diagnosis

The diagnosis of DU begins with a thorough discussion of a patient’s medical history, noting 

any concomitant neurological diagnoses, diabetes mellitus (DM), or prior lower urinary tract 

or pelvic surgical procedures. A voiding diary can be helpful in clarifying the frequency and 

severity of a patient’s symptoms. A careful physical and neurological examination should 

also be performed, and this exam should include evaluation of sacral dermatomes, perianal 

sensation, sphincter tone, and the presence or absence of a bulbocavernosus reflex7. 

Uroflowmetry in DU patients who still void often shows a decreased peak flow rate, 

prolonged voiding time, and elevated post-void residual; however, these findings are not 

specific since they may be seen in BOO8.

Pressure-flow urodynamic testing is necessary to help differentiate DU from other 

conditions such as OAB or BOO. While there are currently no universally accepted 

urodynamic criteria to define DU, several parameters have been suggested to be diagnostic. 

These include a bladder contractility index (BCI) of <100 (PdetQmax + 5Qmax), detrusor 

pressure at max flow (PdetQmax) of <30mmH2O and a maximum flow rate (Qmax) of 

<12ml/sec, and a bladder outlet obstruction index (BOOI) (PdetQmax – 2Qmax) of <20 and 

a Qmax of <12ml/sec9–11. Other groups have used Watts’s factor to calculate detrusor 

contractility12. The common theme seen in all of these DU urodynamic criteria is that there 
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is an insufficient bladder contraction which results in prolonged and incomplete emptying in 

the absence of BOO.

Epidemiology

Several studies have evaluated the prevalence of DU in patients undergoing pressure-flow 

studies, and reported rates ranged from 10% to 48%; however, the patient populations and 

the urodynamic criteria to diagnose DU varied significantly amongst these studies3, 4. There 

was a trend towards an increase in the diagnosis of DU in older populations (particularly 

>75 years of age), and DU appears to be more common in men13. The true prevalence of 

DU is difficult to ascertain because of the varying urodynamic parameters used to define 

DU. Furthermore, the overall prevalence of DU is probably underestimated because there 

are likely a subset of patients with DU who are asymptomatic and do not present for 

urologic evaluation13.

Current Treatment

Unfortunately, the current treatment of DU is rather limited. Behavioral modifications such 

as timed voiding or double voiding can help to reduce urinary stasis and its resultant 

sequelae, including frequency/urgency, cystitis, pyelonephritis, and bladder calculi. Also, 

some patients may have concomitant BOO, in which case alpha-adrenergic antagonists, 5-

alpha reductase inhibitors, or transurethral resection of the prostate (TURP) can be 

employed to improve bladder emptying14. A recent study showed that men with mild or 

moderate DU and concomitant BPH who underwent photovaporization of the prostate 

showed significantly improved detrusor contractility (Pdet) and max flow rates (Qmax) 

compared to men with severe DU15.

Some have advocated for the use of muscarinic agonists, such as bethanechol chloride, to 

increase detrusor contractility; however, countless studies have shown very limited efficacy 

with these medications14, 16. Unfortunately, many patients have persistent DU despite the 

previously mentioned treatments. Consequently, bladder drainage with either clean 

intermittent catheterization (CIC) or an indwelling catheter becomes necessary to achieve 

adequate bladder emptying and provide symptomatic relief. Catheterization regimens have 

been shown to adversely affect the quality of life in many patient populations17.

Neurogenic Causes of Detrusor Underactivity

Diabetic Cystopathy

Given the increasing prevalence of DM, there has been a significant increase in the number 

of patients with diabetes-related urinary complications. It is known that up to 50% of men 

and women with DM will develop diabetic cystopathy, also known as diabetic bladder 

dysfunction18, 19. The types of diabetic bladder dysfunction range widely from sensory-

urgency to impaired bladder emptying with eventual DU18. The onset of diabetic cystopathy 

can be insidious, occurring sometimes early after the onset of DM20.

The pathophysiology of diabetic cystopathy is thought to be multifactorial and includes 

neuronal dysfunction, alterations in detrusor muscle physiology, and urothelial 
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dysfunction21. It is known that chronic hyperglycemia can lead to axonal nerve degradation 

from increased free radical formation, activation of the polyol pathway, protein kinase C 

activation, and increased formation of advanced glycated end products22. This neuronal 

damage is manifested as peripheral neuropathy, with diminished lower extremity sensation, 

gait instability, and/or neuralgia. Damage to bladder afferents can result in diminished 

bladder fullness because the stretch receptors within the bladder develop impaired signaling 

to the central nervous system (CNS).

Decreased levels of nerve growth factor (NGF) have been implicated as a cause of the 

neuronal dysfunction seen in diabetic cystopathy. NGF is a signaling protein that is critical 

in neuronal growth, maintenance, and survival23. In animal models of diabetic cystopathy, 

both NGF and NGF prophin-3 were found to be decreased by as much as 50% compared to 

non-diabetic controls24. Furthermore, the same authors injected a replication-defective 

Herpes Simplex Vector (HSV)-1 vector carrying the β-NGF gene into the bladders of 

diabetic rats to restore decreased NGF expression in both the bladder and the bladder 

afferent pathways24. The increase in NGF expression improved voiding function, as 

evidenced by a reduction in bladder capacity and a decrease in post void residuals compared 

to control animals. This further elucidates the role of NGF in diabetic cystopathy.

Spinal Cord Injury

Bladder dysfunction after SCI is a leading cause of morbidity and hospitalizations in this 

patient population, and UTIs are responsible for 20% of all hospitalizations in the first year 

of diagnosis25. Most patients with SCI will initially develop DU or detrusor areflexia during 

spinal shock before they exhibit chronic bladder dysfunction.

The type of bladder dysfunction that develops after spinal shock is dependent on the level of 

the cord lesion. For patients with suprasacral SCI, the parasympathetic nerves and spinal 

sensory centers within the sacral cord are preserved; however the communication between 

the sacral cord and the pontine micturition center (PMC) is impaired26. After the acute phase 

of spinal shock, there is synaptic reorganization between the sacral cord and the bladder 

which often leads to involuntary reflex bladder contractions, termed neurogenic detrusor 

overactivity (NDO). Voluntary inhibition of the micturition reflex is lost. The PMC is 

critical in coordinating external urethral relaxation prior to detrusor contraction. Detrusor-

external sphincter dyssynergia (DESD) is characterized by involuntary contractions of the 

external urethral sphincter during an involuntary detrusor contraction. DESD leads to high 

detrusor storage pressures and incomplete bladder emptying. Over time, untreated DESD 

can lead to detrusor underactivity with resultant cystitis, bladder wall thickening, bladder 

calculi, and upper tract deterioration. Prior to the introduction of CIC and muscarinic 

antagonists, neurogenic bladder from SCI was a leading cause of morbidity and 

hospitalizations27.

For patients with sacral SCI, the sacral parasympathetic nucleus, which controls bladder 

emptying and Onuf’s nucleus, which excites the external urethral sphincter, can both be 

damaged. This results in detrusor areflexia with high or normal compliance and a loss of 

normal bladder sensation. Because of initial low intravesical pressures, sacral SCI patients 

have a low risk of upper tract deterioration compared to suprasacral SCI patients; however, 
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sacral SCI patients can develop decreased compliance from neurologic decentralization26. 

As such, these patients must be monitored with urodynamic testing on a regular basis.

An interesting area of recent research in SCI-related bladder dysfunction is the synaptic 

reorganization that occurs following SCI. Several studies have shown that neurotrophins are 

important mediators of post-SCI synaptic reorganization28, 29. One well-studied 

neurotrophin is NGF, and it has been shown that elevated NGF levels correlate with the 

likelihood of DESD in the SCI population30. Further research is necessary to characterize 

NGF levels in DU. Another neurotrophin that has been suggested to be important in synaptic 

reorganization after SCI is brain-derived neurotrophic factor (BDNF), which is abundant in 

the CNS and modulates neuroplasticity at the spinal cord level31. Frias and colleagues 

showed that BDNF sequestration inhibited the development of NDO and improved bladder 

function in chronic-SCI rats32.

Because DU after SCI is the result of damaged circuitry that regulates detrusor contractility 

and bladder sensation, there has been interest in artificially modulating the nervous system 

to both contract the detrusor and relax the external urethral sphincter33. An implantable 

device was created in the late 1970’s by Brindley to stimulate the anterior sacral nerve roots 

S2–S4. Electrical stimulation at low frequencies (10–30Hz) was noted to induce detrusor 

contraction with concurrent external sphincteric contraction34. Furthermore, with 

intermittent stimulation, there was both sphincteric relaxation and detrusor contraction, 

thereby allowing bladder emptying at low detrusor pressures. Several stimulation/relaxation 

cycles were typically necessary to achieve adequate emptying35. While this device has 

shown promise, it has not been widely adopted as a treatment for DU in SCI patients. More 

recently, Sievert et al investigated the benefit of early implantation of sacral nerve 

modulators during the acute phase of DU following thoracic SCI. and found that early 

implantation of these devices mitigated the development of NDO and improved urinary 

continence rates36.

Multiple Sclerosis

Multiple sclerosis (MS) is an acquired, autoimmune-mediated demyelinating disorder of the 

CNS. MS is most commonly diagnosed between ages 20–50 years of age, and it has a 2:1 

female to male prevalence37. The common pathologic finding in MS is focal demyelination 

and plaque formation throughout the brain and spinal cord, and this pathology can result in a 

delayed or complete nerve conduction block38. There is a high prevalence of bladder 

dysfunction in the MS population, with up to 90% experiencing lower urinary tract 

symptoms (LUTS) and/or urinary incontinence38. Approximately 10% of patients with MS 

are initially diagnosed when they present for urologic evaluation, and it is important for 

clinicians to keep this diagnosis in mind when evaluating patients with LUTS and 

concomitant neurologic symptoms.

The bladder symptoms that are most prevalent in patients with MS include frequency, 

urgency, UUI, and urinary retention. Urodynamic evaluation is essential in the evaluation of 

these patients, and the typical urodynamic findings include neurogenic DO in over 60% of 

patients and DU in 20% of patients40, 41. DESD is another common and concerning 

urodynamic finding in patients with MS. As with many of the other causes of neurogenic 
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DU, the location of the neurologic lesion plays a critical role in the type of resultant bladder 

dysfunction. Studies have shown that patients with cervical cord lesions or pontine lesions 

are more likely to suffer from emptying symptoms, including DU, whereas those with 

cerebral cortex lesions are more prone to storage symptoms such as DO42.

Cerebrovascular Accident

Bladder symptoms are often reported following cerebrovascular accident (CVA). In the 

acute phase after CVA, there is a high rate of urinary retention and many patients require 

either an indwelling urethral catheter or CIC for a period of time. Burney et al. performed 

urodynamic evaluations on 60 patients within 72 hours following a CVA and found that 

nearly 50% of patients had urinary retention, mainly due to detrusor areflexia43. 

Furthermore, they noted that urinary retention from detrusor areflexia was more common in 

patients who had a hemorrhagic infarct (85%) as compared to patients with ischemic infarcts 

(10%). Also, a recent study evaluating patients with urinary retention during the acute phase 

of stroke found that 54.5% of patients had detrusor areflexia on urodynamic evaluation44. 

Patients with aphasia, diabetes mellitus, and a lower functional status had higher rates of 

urinary retention, and these patients were more likely to require an indwelling catheter or 

CIC. Additionally, although urinary retention related to detrusor areflexia is very common in 

the acute phase following CVA, over 95% of these patients will see resolution of their 

urinary retention within 2 months45.

Multiple studies have correlated the location of the CVA lesion with either bladder storage 

or emptying dysfunction43, 45. Yum et al. evaluated 30 patients with brainstem infarcts and 

divided patients into those with either pontine or medullary infarcts46. Reduced bladder 

capacity was seen more often in patients with pontine infarcts (62%) compared to patients 

with medullary infarcts (11%). Conversely, DU was more common in patients with 

medullary infarcts (55%) compared to those with pontine infarcts (10%). In addition, Cho et 

al. showed that patients with lateral medullary infarcts have higher rates of DU because of 

damage to the descending pathways from the PMC47. Yet, other studies have suggested that 

the location of the infarct does not correlate with the resultant type of voiding dysfunction42. 

An important point to consider in evaluating CVA patients is that they often have other co-

morbidies, such as DM or prior neurologic diseases, and this history can contribute to their 

bladder dysfunction.

Traumatic Brain Injury

Bladder dysfunction, including DU, is often found in traumatic brain injury (TBI) patients. 

Retrospective studies of TBI patients undergoing urodynamics suggest that bladder 

dysfunction is present in 30–85% of TBI patients48–50. The underlying pathophysiology of 

TBI bladder dysfunction is often multifactorial, including damage to the brain areas that 

coordinate normal micturition, communication deficits, and cognitive impairment. The 

location and extent of the brain injury also correlates with the type and severity of bladder 

dysfunction48. Giannantoni et al. studied voiding dysfunction amongst 57 coma survivors 

after TBI, and they found that 85% of these patients had bladder dysfunction51. Pressure-

flow urodynamics showed DU in 32% of these patients, and 83% of the DU patients had 

prolonged voiding times, urine intermittency, and pseudodyssynergia.
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Moody and colleagues used a rat model to evaluate the link between TBI and voiding 

dysfunction52. Ten rats underwent urodynamics before and after undergoing a lateral fluid 

percussion-induced brain injury. The micturition reflex was altered in these animals, with 

incomplete bladder emptying and continuous urinary incontinence. This was transient in 

83% of the rats and permanent in the other 17%. The authors hypothesized that TBI induces 

neural dysregulation that changes the conditions for afferent signal translation and 

transmission, though the exact mechanisms underlying these changes remain unknown.

Parkinson’s Disease

Parkinson’s disease (PD) is a movement disorder that is associated with the degradation of 

dopaminergic neurons in the substantia nigra of the basal ganglia. PD results in symptoms 

such as tremors, rigidity, bradykinesia, and postural instability. These patients also have 

autonomic nervous disorders, and bladder dysfunction commonly results. The brain areas 

affected by PD that cause voiding dysfunction include the frontal cortex, basal ganglia, 

thalamus, anterior cingulate gyrus, and the caudate nucleus53. The most common bladder 

dysfunction found in PD patients is NDO54. The etiology of NDO is thought to be related to 

a dysregulation of the PMC in the basal ganglia that affects the voluntary control of the 

micturition reflex55.

DU is also seen in PD. In one series DU was noted in 16% of PD patients56. In contrast, Liu 

et al. performed urodynamics in 58 PD patients and found DU in 53% of those tested57. The 

pathophysiology underlying DU in PD is currently not well understood, although studies 

have correlated DU to the patient’s overall motor function57. Both pseudodyssynergia of the 

EUS during NDO and bradykinesia of the EUS during the onset of voluntary micturition can 

occur in PD patients58. Both of these EUS abnormalities can lead to impaired detrusor 

contractility and DU. Finally, men with both PD and BOO from BPH are often initially 

managed without definitive surgery to resolve the BOO in a timely manner because of 

concern for UI post-surgery59. This can lead to bladder decompensation and eventual DU. 

Yet, Roth reported a 70% success rate after TURP in 23 PD patients with no cases of de 

novo urinary incontinence60.

Fowler’s Syndrome

Fowler’s syndrome was first described in 1985 in young women with urinary retention61. 

The sphincter EMG signal in these women contains repetitive discharges and decelerating 

bursts. This impairs sphincter relaxation and leads to obstructed voiding and either 

incomplete or complete urinary retention. The development of the sphincteric abnormality 

may be under the influence of estrogens, as suggested by the high association of polycystic 

ovaries in these women62. Sacral neuromodulation has a rapid effect in restoring voiding 

function in these women, suggesting that it works by reversing the inhibitory effect of the 

sphincter contraction41. In 1999 the FDA approved sacral neuromodulation for non-

obstructive urinary retention, and sacral neuromodulation can be used as a treatment for DU 

in patients with Fowler’s syndrome.
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Future Therapeutic Directions

As previously mentioned, the current treatment of DU is rather limited to either CIC or an 

indwelling catheter. To date, therapies such as cholinergic agents have been used 

unsuccessfully to treat DU63. As this disease is becoming better studied, several potential 

therapeutic targets have been identified that may ultimately be beneficial in the treatment of 

DU patients. Acetylcholinesterase inhibitors are a potential option to treat DU by extending 

the duration of action for acetylcholine. Distigmine bromide, an acetylcholinesterase 

inhibitor, was recently tested on 27 DU patients64. At a dose of 5mg given three times daily 

for 4 weeks, distigmine bromide significantly reduced PVR and eliminated the need for CIC 

in 11 patients. Additionally, the action of acetylcholine can be increased by activating 

presynaptic muscarinic M1 receptors found within bladder efferent nerves. Cevimeline, an 

M1 agonist approved for xerostomia, was studied in rats and guinea pigs65. At doses of 0.3 

mg/kg or higher, cevimeline increased non-voiding and phasic contractions. Preclinical 

evidence for cevimeline justifies clinical testing in DU patients.

Other FDA approved drugs that could potentially treat DU include ampyra and 

fampridine66. These drugs potentiate the release of neurotransmitters from both sensory and 

motor nerve terminals, thereby potentially improving detrusor contractility67. The 

intravenous administration of Ampyra improved bladder emptying in urethane-anesthetized 

rats68. In addition, cannabinoid-1 receptors (CB1) antagonists such as rimonabant, used in 

the treatment of obesity, can be potential DU drugs69. Animal studies demonstrated that 

CB1 antagonists increased afferent input from bladder and reduced the bladder capacity70. 

Another potential category is TRPV4 agonists, which increases afferent signaling without 

evoking pain. It is thought that TRPV4 stimulation facilitates the micturition reflex by 

activating mechanosensitive, capsaicin insensitive C-fibers. GSK 1016790A, a TRPV4 

agonist, transiently decreased bladder capacity and increased voided volumes after 

intravesical instillation in Sprague-Dawley rats71.

The use of stem cells is another potential therapy for DU that is under investigation. 

Levanovich recently reported on a 79 year old male with DU that had previously undergone 

2 TURPs, failed bethanechol chloride, and was dependent on CIC 4–6 times/day for many 

years72. The patient underwent a quadriceps muscle biopsy, and muscle-derived stem cells 

were isolated and injected into his detrusor. The Global Response Assessment questionnaire 

was used, and the patient was noted to have “moderate improvement” of his DU symptoms 

at 6 and 12 months post-injection. Repeat urodynamic s at 3 months post-injection showed 

that the sensation of first desire to void decreased from 711 cc to 365 cc. He was also able to 

void small volumes of urine at 3 months post-injection, but he has remained dependent on 

CIC at 1 year post-injection. Although this publication was a case report of one patient, it 

presents an exciting potential for the use stem cells to treat DU.

Conclusion

Detrusor underactivity remains a poorly treated bladder dysfunction, and many patients 

remain frustrated with the morbidity of recurrent UTIs and intermittent hematuria that result 

from either CIC or an indwelling catheter. Patients with neurologic disease who lack the 
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dexterity needed to do CIC find these complications even more frustrating. There are 

multiple etiologies of DU, and in this article we have highlighted the most common 

neurogenic causes of the condition. Furthermore, we highlighted current research directions 

into the treatment of DU as it pertains to patients with neurogenic diagnoses. As advances 

are made into understanding better the pathophysiology of DU, several more therapeutic 

targets may be identified to better treat these afflicted patients.
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