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INTRODUCTION

Normal voiding is a complex but balanced mechanism, 
which is created by the correlation of detrusor contractile 
force generation to the urethral resistance against opening. 
When the bladder detrusor muscle is stimulated by para­
sympathetic outflow, the generation of a voiding force occurs 
and results in emptying of the bladder. Thus, if diminished 
detrusor contractility, increased resistance of the urinary 
outflow tract or a combination of  these factors occur, 
incomplete emptying of the bladder that means unsuccessful 
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voiding will be induced. According to the International 
Continence Society report in 2002, detrusor underactivity 
(DU) is defined as a contraction of reduced strength and/
or duration, resulting in prolonged bladder emptying and/
or failure to achieve complete bladder emptying within a 
normal time span [1]. However, the details of DU are still 
poorly understood and various other terms are often used to 
describe this entity of bladder dysfunction. 

Compared with other causes of  lower urinary tract 
symptoms (LUTS), DU has received signif icantly less 
attention in clinical research because it has neither a 
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standard, detailed definition nor widely accepted diagnostic 
criteria in clinical practice. In addition, the pathogenesis of 
DU is also underresearched and the absence of effective 
treatments has caused many urologists to consider DU an 
incurable, bothersome problem. Moreover, DU has been 
deemed as one of the age-related changes in the urinary 
bladder and its prevalence increases with age [2-5]. Therefore, 
DU may be an important concern for urologic care in the 
near future as the proportion of  the elderly population 
has been assessed at approximately 10% and is expected to 
approach 20% by 2050 [6-8].

In this review, we summarized the epidemiologic data 
of DU from contemporary reports and aimed to investigate 
current problems in the estimation of the DU prevalence 
in the clinical setting and further directions regarding the 
relevant researches to expand the clinician’s understanding 
of this poorly understood condition.

CLINICAL ASPECTS OF DETRUSOR UN-
DERACTIVITY

DU frequently accompanies a complex set of symptoms 
including poor intermittent streams, residual urine sense 
after voiding, and hesitancy. The main etiology of DU is 
associated with dysfunction of detrusor contractility and 
the current diagnosis of DU requires a pressure-flow study 
(PFS) that might be quite bothersome for clinicians. Other 
terms used to describe DU include underactive bladder 
(UAB), impaired detrusor contractility, and relatively older 
terms such as hypotonic bladder or detrusor areflexia 
[9]. Among these synonymous terms, UAB and impaired 
contractility are the two of the most commonly used terms 
that explain this condition caused by only decreased activity 
or contractile ability of the detrusor. While the term DU 
suggests a decreased functional status of  the detrusor 
muscle, UAB is more likely to describe the symptoms of 

the patients. However, these terms might misguide the 
real concept of  DU because DU might develop not only 
from decreased detrusor contractility but also from altered 
innervation of detrusor muscle. Moreover, decreased detrusor 
contractile velocity also plays a potentially important role 
and should be included in the definition of DU [10]. 

The most commonly observed symptoms among patients 
with DU are hesitancy, sensation of incomplete emptying 
caused by an increased postvoid residual (PVR), straining 
to void, urgency, frequency, nocturia, and incontinence. 
Recurrent infections of the urinary tract are also seen in a 
significant number of patients because persistent building 
up of urine can result overflow incontinence and the back 
flow of urine into upper urinary tract, including the ureter 
and kidney [11]. Some studies have reported that the complex 
symptoms of DU overlap significantly with the symptoms 
of  overactive bladder (OAB) [4]. This implies that DU 
should not be diagnosed on the basis of clinical symptoms 
but by referring to the urodynamic findings. In addition, 
empirically treating the symptoms of DU before acquiring 
a urodynamic assessment might not be recommended in 
certain previous studies [11,12].

As for the diagnosis of  DU, it starts with reviewing 
medical history and verifying neurologic comorbidity of 
the patients. A frequency-volume chart might be helpful 
for visualizing the voiding pattern. Some studies even 
recommend that patients undergo a thorough physical 
examination, including checking the perianal sense and 
sphincter tone as well as the bulbocavernous reflex [11]. 

However, the only definitive method for diagnosing DU 
is invasive PFS at present. The urodynamic criteria for DU 
markedly vary, but 2 values, the maximum flow rate (Qmax) 
and the detrusor pressure at maximum flow (PdetQmax), 
are considered important in the diagnosis because these 
values enable the approximation of  detrusor contractile 
strength. A 10-year follow-up long-term study from Thomas 

Table 1. Urodynamic definitions of detrusor underactivity in a series of nonneurogenic patients who suffered from lower urinary tract symptoms

Study Definition of DU
Groutz et al. [14] Qmax<12 mL/s with ≥100 mL voided or PVR volume>150 mL on two or more free flow readings
Ameda et al. [15] Pdet max, iso <60 cmH2O or unstained isometric contraction
Lee et al. [21] Qmax ≤10 mL/s and Pdet max ≤30 cmH2O or according to the Schafer nomogram
Abarbanel and Marcus [3] Qmax <10 mL/s and PdetQmax <30 cmH2O (both)
Valentini et al. [22] Absence of detrusor contraction during voiding and large PVR
Jeong et al. [2] BCI <100 (men), Qmax ≤12 mL/s and PdetQmax ≤10 cmH2O (women)
Gammie et al. [5] BCI<100 and AG number<20 and BVE%<90 (men), PdetQmax<20 cmH2O and PFS Qmax<15 mL/s and BVE%<90 

and absence of clinical obstruction (women)

DU, detrusor underactivity; Qmax, maximum flow rate; PVR, postvoid residual; Pdet max, iso, maximum isometric detrusor pressure; Pdet max, 
maximum detrusor pressure; PdetQmax, detrusor pressure at maximum flow rate; BCI, bladder contractility index; AG number, Abrams-Griffith 
number; BVE, bladder voiding efficiency; PFS, pressure-flow study.
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et al. [13] used Qmax<15 mL/s and PdetQmax<40 cmH2O as 
their diagnostic criteria of DU and they initially treated DU 
patients with watchful waiting. Among the 69 male patients 
who initially underwent for watchful waiting, no significant 
diminishment of  urodynamic parameters was observed 
during the follow-up period. Especially, the mean PVR 
measured at the end of the research was 107–125 mL and 
DU often did not result in chronic urinary retention, which 
might be generally defined as a PVR>300 mL. Therefore, 
they concluded that DU may not be progressive in most 
nonneurogenic male patients [13]. However, other studies 
applied different urodynamic criteria, which might have 
caused the different outcomes including the prevalence. 
Our previous study reported in 2012 incorporated Qmax≤12 
mL/s and PdetQmax≤10 cmH2O for females and a bladder 
contractility index (BCI)<100 for males [2], but each study 
has an individual urodynamic criteria in their epidemiologic 
studies of the prevalence of DU (Table 1). 

PREVALENCE AND EPIDEMIOLOGY OF 
DETRUSOR UNDERACTIVITY

Although the prevalence of DU increases in older pati­
ents as it is generally age-related, no epidemiological study 
has analyzed the prevalence of DU related symptoms such 
as LUTS and impaired storage function. This is probably 
due to the essential obstacle that DU can only be diagnosed 
by a PFS, making the analysis and interpretation of 
epidemiologic information such as the prevalence and 
natural pathway of the disease entity difficult. 

In this review, prevalence of DU is examined within the 
patients without definite pathophysiologies for DU because 
more attention might be paid to the prevalence among the 
community-dwelling ordinary population suffering from 
LUTS than to that in the population with ‘definite’ causes 
affecting the detrusor function in clinical practice. Table 
2 summarizes the studies on the prevalence of DU among 
nonneurogenic patients who suffered from LUTS and 
underwent urodynamic studies. In our previous investigation 
that was the first epidemiological research performed among 
a large Korean population to our knowledge [2], 1,179 patients 
older than 65 years were analyzed and the prevalence of 
DU was 40.2% and 13.3% in men and women with LUTS, 
respectively, where the prevalence increased with age in 
both gender. Moreover, the symptoms of OAB or bladder 
outlet obstruction (BOO) coexisted in 46.5% of male patients 
while 72.6% of  female patients showed the symptoms of 
OAB or stress urinary incontinence with DU. Thus, we 
presented that DU can be the result of  other voiding Ta
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function pathophysiologies or might be an independent 
disease entity caused by the aging process. 

Abarbanel and Marcus [3] studied 181 community-
dwelling LUTS patients aged ≥70 years and observed 
detrusor contractile dysfunction in 48% of men and 12% of 
women. In addition, involuntary bladder contraction was also 
accompanied in 2/3 of men and 1/2 of women with detrusor 
contractile dysfunction, and 10% of  the corresponding 
patients with involuntary bladder contraction had BOO. 
They also presented that almost 10%–20% of men confirmed 
to have a decreased flow rate by a PFS exhibited DU.

According to the recent review from Osman et al. [4], 
9%–28% of men with the age <50 years showed DU, but the 
prevalence increased to 48% in older men aged >70 years. 
They also presented that older women aged >70 years had 
a prevalence of DU ranging from 12% to 45%. In particular, 
the prevalence of DU patients was dominant among the 
institutionalized patients. Moreover, Thomas et al. [13] also 
reported in their long-term study (mean follow-up period 
of 13.6 years) that 2/3 of institutionalized elderly patients 
with incontinence had symptoms of UAB. These previously 
mentioned retrospective studies have methodological limita­
tions because the diagnostic criteria contain significant 
variations. Thus, the clinical results are inapplicable to the 
general population, but they still emphasized that DU is 
significantly dominant among the institutionalized patients 
or those in secondary care.

Unlike other researchers, Groutz et al. [14] used only free 
Qmax and PVR in the diagnostic criteria, instead of the PFS 
parameters, and reported an 18.9% of DU among 206 women 
with LUTS. Ameda et al. [15] defined the presence of DU 
as the maximum isometric detrusor pressure<60 cmH2O or 
unsustained isometric contraction and identified that 41.9% 
of their male cohort had DU. 

Recently, Gammie et al. [5] identified that 25.4% and 
24.0% of men and women who had received a PFS due to 
LUTS showed the presence of  DU when the diagnostic 
criteria were applied as follows; BCI<100, Abrams-Griffith 
number<20 and bladder voiding efficiency (BVE) % <90 for 
men and PdetQmax<20 cmH2O, PFS Qmax<15 mL/s, BVE 
%<90 and the absence of clinical obstruction for women.

In male patients with DU, it seems that a significant 
number of patients might receive transurethral resection of 
the prostate (TUR-P) for the treatment of DU. In the recent 
study of Hoag and Gani [16], DU was defined as a BCI<100 
and the absence of definite BOO in a PFS. Among the 343 
patients analyzed, prevalence of DU was 23% (79 patients), 
and 25 of 79 patients with DU were male. Of these male 
patients with DU, 28.0% had previously received TUR-P 

for the treatment of LUTS. Jeong et al. [17] compared the 
effect of  TUR-P between 25 patients with unobstructed 
and underactive detrusor function and 46 patients with 
obstructed and/or normal detrusor contractility. Patients 
with DU had less improvement in their symptom score and 
operative satisfaction than those with obstructed and/or 
normal detrusor contractility after surgery. However, the 
authors insisted that the TUR-P is thought to be an optional 
surgical procedure for treating the men with DU who do 
not respond to conservative medical treatment as there was 
also significant improvement in symptom score and PVR 
after surgery in DU group and 64% of these patients were 
satisfied. Nevertheless, further large study with long-term 
follow-up needs to be done to verify the effect of TUR-P in 
male patients with DU.

The age-related feature of DU has been widely accepted 
in many studies [2-8], yet some studies have failed to prove 
its age relation due to vague diagnostic criteria. Recently, 
Valente et al. [18] studied the prevalence of  UAB in 633 
subjects and the results showed no definite association 
between UAB symptoms and age. However, they observed 
an age-related dominance of  BOO within the population 
and insisted that distinguishing the symptoms of BOO from 
those of pure DU is extremely tricky and that the diagnosis 
of DU based upon clinical symptoms is complex. Ameda et 
al. [15] also showed no significant association between age 
and impaired detrusor contractility in their study of 193 
men with LUTS. 

Certain disease conditions, such as infection, inflammation, 
or peripheral neuropathy, have been shown to be associated 
with DU by causing neurologic alterations. According to the 
study of Khan et al. [19], urodynamic assessment in a series 
of 18 AIDS patients with LUTS revealed that 61.1% (11 of 18 
patients) had neurogenic bladder and 36% of patients with 
neurogenic bladder had DU. Bansal et al. [20] studied 52 men 
with diabetes who had presented with bothersome LUTS 
(mean age 61 years) and showed that 79% of the patients had 
DU while 21% had delayed first voiding sense and 25% had 
increased bladder capacity.

Although most of  published epidemiologic data were 
from the community-dwelling cohorts with significant 
LUTS through the arbitrary urodynamic criteria for DU, 
the reported prevalence is 25%–48% and 12%–24% in elderly 
men and women, respectively. Therefore, DU is considered 
as common condition among various LUTS and physicians 
who treat the elderly with LUTS should understand the 
age-related pathophysiological changes of the lower urinary 
tract and recognize that this population most likely has DU. 

The prevalence data of DU examined in this review are 
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based on the urodynamic definition and are limited in their 
extrapolation to the general population. However, an overall 
and proper comprehension of epidemiologic studies of DU 
may be crucial for better insight into DU, relevant decision 
making, and more reasonable allocation of health resources. 
Therefore, researchers should find clues to the solution for 
the clinical diagnosis of  this specific condition of  LUTS 
from contemporary epidemiologic studies and try to develop 
possible definition and diagnostic algorithm of ‘clinical’ DU 
from further studies. 

RISK FACTORS OF DETRUSOR UNDER-
ACTIVITY

Many previous clinical studies suggested that the 
pathogenesis of DU is multifactorial [4]. The potential risk 
factors associated with the pathogenesis of  DU include 
normal ageing, diabetes mellitus, BOO, pelvic surgery, and 
neurologic disabilities involving the lumbosacral nerve 
plexus (Table 3). In addition, a profound estrogen deficiency 
might be a risk factor of DU by causing the biochemical 
variations related to detrusor contractility or its innervation 
and aged people taking multiple drugs such as calcium 
channel blockers, alpha receptor agonists and neuroleptics 
also may show DU (Table 3) [21-25]. Some risk factors are 
mentioned in this review and other pathophysiologies are 
described elsewhere in this issue.

1. Neurogenic risk factors
Insufficient postganglionic efferent nerve stimulation 

is generated in some neuro-pathological cases such as 
cerebrovascular accident (CVA) and it may lead to DU by 
influencing perception and outflow of  urine [26]. Urine 
retention frequently occurs in the acute stage after CVA, 
and most of the patients need urethral catheterization for 
a significant period. Many studies have noted the relation 
between the location of  CVA lesion and dysfunction in 
bladder storage or voiding. Yum et al. [27] showed that 
patients with pontine infarcts had predominantly decreased 
bladder capacity (62% of the patients) compared to those 
with medullary infarcts (11%). However, other studies still 
present the location of CVA has no correlation with the 
pattern of voiding dysfunction [28]. 

Most patients with spinal cord injury (SCI) experience 
DU or detrusor areflexia during the spinal shock period. 
After spinal shock, various types of bladder dysfunction can 
occur, which are dependent on the level of the injury. In the 
sacral SCI, damages in both sacral parasympathetic nucleus 
and Onuf’s nucleus can be done, which consecutively results 
in detrusor areflexia with impaired or normal bladder 
compliance [29]. 

2. Diabetes mellitus as a risk factor
Diabetic cystopathy is one of the common causes of DU. 

Diabetes influences bladder function in both myogenic and 
neurogenic mechanism. The main characteristic of diabetic 
cystopathy is predominantly decreased ability of bladder 
emptying [30]. In patients with diabetes, hyperglycemia 
induced autonomic neuropathy causes bladder dysfunction 
[31]. The pathophysiology of myogenic mechanisms is not 
well understood, but it has been postulated that variations 
of  detrusor myogenic intracellular signaling might play 
crucial roles as etiology [32]. In addition, Bansal et al. [20] 
suggested that diabetic cystopathy is significantly associated 
with DU in conjunction with high PVR, but not DU alone.

3. Myogenic risk factors
Any pathological disruption that varies the normal 

structure or function of the detrusor myocytes (or even its 
extracellular environment) can result in detrusor contraction 
failure [33]. This implies that impaired detrusor contraction 
can occur even when the efferent parasympathetic nerve 
system is fully functional [34]. According to the study of 
Elbadawi et al. [35], ultrastructural changes of  detrusor 
myocytes can be detected in electron microscopy and these 
microscopic variations might result in derangements of the 
factors related to contractility including calcium storage or 

Table 3. Possible risk factors of detrusor underactivity

Pathological 
regions

Disease entities

Idiopathic Normal ageing process
Unknown factors in younger population

Neurogenic Parkinson disease
Multiple sclerosis
Guillain-Barre syndrome
Neurosyphilis
Diabetes mellitus

Myogenic Diabetes mellitus
Bladder outlet obstructions

Iatrogenic Pelvic surgeries
Pelvic radiation therapy

Functional Folwer’s syndrome
Dysfunctional voiding

Pharmacologic Antimuscarinics
Antihistamines
Blood pressure lowering agents (e.g., calcium  
  channel blockers)
Antipsychotics
Antispasmotics
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other ion exchanges [34].

FURTHER DIRECTIONS FOR RESEARCH

The imprecise and interchanging use of  terminology 
has contributed immense confusion in the diagnosis 
and therapy of  DU. Therefore, a standard terminology 
encompassing the relationship between the symptoms 
(UAB) and the urodynamic findings (DU) should be defined. 
Further research should also include the prevalence of DU 
in asymptomatic populations and detrusor contractility 
and detrusor activity must be distinguished in the future 
studies. Moreover, the etiologic causes of DU and the specific 
clinical symptoms resulting from DU should be evaluated 
because they are deeply related to the therapeutic goal for 
the disease.

CONCLUSIONS

DU is still a poorly understood and treated bladder 
dysfunction that yields various morbidities. Multiple terms, 
various definition criteria and many epidemiological facts 
regarding DU have been introduced in this review. The 
reported prevalence of  DU is 25%–48% and 12%–24% in 
elderly men and women with LUTS, respectively, based on 
the arbitrary urodynamic criteria for DU. We hope this 
review will promote additional research on this condition 
and provide further improvements of the clinical criteria for 
DU.
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