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Aims: Detrusor underactivity, resulting in either prolonged or inefficient voiding, is a common clinical problem forwhich
treatment options are currently limited. The aim of this report is to summarize current understanding of the clinical
observation and its underlying pathophysiological entities. Methods: This report results from presentations and
subsequent discussion at the International Consultation on Incontinence Research Society (ICI-RS) in Bristol, 2013.
Results andConclusions: The recommendations made by the ICI-RS panel include: Development of study tools based
on a system’s pathophysiological approach, correlation of in vitro and in vivo data in experimental animals and humans,
and development ofmore comprehensive translational animalmodels. In addition, there is a need for longitudinal patient
data to define risk groups and for the development of screening tools. In the near-future these recommendations should
lead to a better understanding of detrusor underactivity and its pathophysiological background. Neurourol. Urodynam.
33:591–596, 2014. # 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Detrusor underactivity has been defined by the International
Continence Society as as a contraction of reduced strength and/
or duration, resulting in prolonged bladder emptying and/or a
failure to achieve complete bladder emptying within a normal
time span.1 Successful and complete emptying is necessarily
determined by the interplay of several factors including the
ability of the bladder to empty, and the resistance offered by the
outflow tract (i.e., the capacity of outlet opening). Diminished
bladder emptying may occur because of reduced detrusor
contractile ability (not equivalent to contractility), an im-
pairment of the outflow tract or a combination of these factors.
To a certain extent, both factors may be able to compensate for
each other but this compensatory capacity may change in
association with disease and ageing.

Anatomical (structural) or physiological (functional) changes
may impair either detrusor contractile ability or urethral
opening capacity. Efferent nerves may be damaged; the
amount of muscle in the bladder wall reduced or replaced by
connective tissue, or there may be a reduction in true
contractility. In addition, structural bladder outlet obstruction
can reduce effective voiding. When both bladder contractile
function and the bladder outlet are adequate, an impairment of
sensory nerves may also lead to inefficient voiding.

To void efficiently, a feed-forward mechanism by which
urinary flow in the urethra helps to enhance and maintain
adequate contractile function of the bladder, until the bladder is
empty is required. Sensory information is fed back to themotor
system at several levels of control between the end organ and

brain cortex. These sensors themselves can be damaged, for
example through an effect of ageing or ischaemia. In addition,
impairment of innervation can lead to decreased information
transfer via either the sensory or motor nerves. A functional
disruption of higher central nervous regulatory systems can
lead to functional abnormal voiding. This can occur as a result
of disease induced deregulation (e.g., Parkinson’s or Alzheimer’s
disease), ageing induced defects and psychological or psychiat-
ric pathology.
Whether ageing related defects in these systems lead to

inefficient emptying depends on the compensatory ability of
mechanisms involved in voiding. Tomanage a dysfunction, the
defect itself may be treated, but the compensatory capacity of
another mechanism can also be improved. The choice of
treatment may depend on the therapeutic effect required and
the potential side-effects of the proposed treatment.
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The most comprehensive approach to diagnose and treat
voiding inefficiency in humans is first to study the pathophysi-
ological alterations leading to impaired bladder emptying in
humans. Animal models that mimic elements of derange-
ments, as discussed above may be helpful to identify options
that ameliorate these defects, or stimulate compensatory
mechanisms and so define potentially treatable options in
humans.

Since publication of the ICI-RS article in 2011 the topic of
detrusor underactivity (DU) has received increasing research
interest,2 with 54 articles retrievable by PubMed using DU/
underactive bladder as search terms. However, few of these
publications lead to better understanding of the complex
pathophysiology underlying this urological entity.3–7 There are
stillmanyuncertaintieswith regard to the underactive bladder,
particularly the role of ageing, altered sensory function, and the
translational value of existing animal models.

AGEING: THE PRIMARY CAUSE OR A CONDITION NECESSARY FOR
DEVELOPMENT OF DETRUSOR UNDERACTIVITY?

The prevalence of impaired bladder emptying is associated
with increasing age and occurs in both men and women.8–10

This is manifest in the frequent finding of a raised post-void
residual urinary volume in an otherwise asymptomatic older
person11 and in association with other lower urinary tract
diagnoses upon presentation to a clinician.12 Impaired bladder
emptying has most often been described in association with
detrusor overactivity, regardless of the presence of bladder
outlet obstruction.13 Urodynamic data revealing impaired
emptying function in the elderly are conflicting,14 and also
are limited to those with symptoms, perhaps limiting the
interpretation of age-associated pathophysiology. Histological-
ly, older bladders differ from those in younger people, in that
there is an age-associated accumulation of connective tissue
and collagen, resulting in a reduction of the smooth muscle:
collagen ratio,15 which may lead to a reduction of transmitted
contractile force. At the level of the muscle cell, detrusor
contractility is not reduced with ageing in those without
detrusor overactivity or obstruction, unlike the diminution
reported in older people with these conditions.16 The reduction
of bladder sensory function reported in association with
increasing age17 may also contribute to DU. Functional
magnetic resonance imaging in asymptomatic older people
found diminished response to bladder filling in the insula, an
area of the brain responsible for mapping visceral sensations.18

The current state of the limited evidence suggests that a
number of factors associated with ageing may, per se,
predispose to impaired emptying and that it is likely that, for
those unaffected older people, their compensatory capacity
outweighs the drivers of impaired emptying.

THE ROLE OF ALTERED SENSORY FUNCTION IN DETRUSOR
UNDERACTIVITY

Impaired bladder contractile ability has been traditionally
regarded as a major aetiological factor of DU. However, in the
elderly, decreased bladder sensations are associated with DU
and suggest a more complex pathology. Because detrusor
contraction force and duration are a result of efferent nerve
activity in combination with an adequate contractile ability,
which in turn is dependent on sensory input, there is the
potential for impaired afferent function to cause DU.19

Structural and functional tissue changes accompanying ageing
and particular diseases may result in altered bladder afferent

function, with subsequent reflex impairment of voiding
function.
The urothelium, detrusormuscle, interposed interstitial cells,

and ganglia collectively form a mechano-sensitive sensor-
transducer system which activates afferent nerve fibres.19

Abnormalities in each of these components could have an
impact on LUT function by altering release of neurotransmit-
ters, as well as the excitability of sensory fibres and the
contractility of detrusor muscle in the urinary bladder.
Furthermore, because many urothelial functions may be
altered with age, defects in urothelial cells may contribute to
age-related changes. Moreover, positive sensory feedback from
urethral afferents, in response to flow, has been shown to
augment detrusor pressure amplitude and duration, and is
necessary for efficient voiding,20 thus urethral sensory distur-
bance could also lead to DU in specific patient categories.
In addition to the positive feedback mechanism described

above, a defect in sensory function of the bladder itselfmay lead
to delayed voiding and overdistention, again leading to damage
of the sensors, denervation, or impaired muscle function.

WHAT IS THE VALUE OF CURRENT ANIMAL MODELS OF
CONCOMITANT DISEASE?

The reason for developing animal models is usually to mimic
part of a human pathology or a functional problem. Since the
clinical problems in DU are in the voiding phase and involve
‘‘prolonged duration’’ and/or ‘‘reduced contractile strength,’’ it is
worthwhile to concentrate on creating one or both in an animal.
The value of such models is dependent on the question to be
addressed: for example, to study the consequence of a lesion or
artificial pathology on the voiding phase; or to test a drug
intended to reverse a voiding problem. For the latter it is
important that the functional parameters in the animal model
maybe reversed towarrant testingof adrug.Variousmodels have
been constructed and these are discussed with respect to the
addition of information to our current knowledge on DU below.
Particular attention is given to ageing, age-related comorbidity,
obstruction models, and specific neurogenic models for DU.

Ageing Models

To study ‘‘healthy ageing,’’ animal models use the concept of
a ‘‘healthspan’’ as an age range when an animal is generally
healthy.21 Human lower urinary tract dysfunction, prevalent at
an age >65 years should be reflected in laboratory animals.
Biomarkers associated with an ageing phenotype appear in
mice and rats >18–24 months and guinea-pigs when >30
months.22–24 In vivo, bladder contractile function may not
diminish with age25 but compliance and/or micturition
frequency increase or decrease.25–27 In vitro, contractility is
either diminished or increased with age in both rats and
mice.26,28–30 Muscle loss may,28 but not always increase with
age: for example intravesical pressure at micturition actually
increased with age in rats.30 Moreover, motor nerve density is
preserved in rabbits.31 Afferent nerve density declines in ageing
animals32; however, the age-related increase of urothelial
transmitter release in the human bladder33 has not been
reproduced in animal preparations.
Overall, there are conflicting data on bladder function and

morphology in ageing animals. It is crucial to characterize
individual ageing animal models, using comparable criteria, to
determine if their phenotype mirrors that of the ageing human
and there is clearly stillwork to be done in seeking the idealmodel
which stands up as an adequate specific model for this purpose.
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Diabetic Bladder Dysfunction (DBD) Models

Recognition of high rates of lower urinary tract symptoms
(LUTS) in both type 1 and type 2 diabetic patients led to
development of the term diabetic bladder dysfunction (DBD) as
an umbrella description for a group of clinical symptoms.34

DBD includes storage and voiding problems, as well as other
less well-defined clinical phenotypes, such as decreased
sensation and increased capacity. Portions of this spectrum
of changes have been reported in other pathologies that result
in LUTS such as bladder outlet obstruction, neurogenic bladder,
and geriatric voiding dysfunction.35,36 Although no single study
has yet reported the cumulative effects on patients with type 1
or type 2 diabetes, it has been estimated frommultiple studies
that DBD is among the most common and costly complications
of diabetes mellitus, affecting 87% of patients.34

In type 1 diabetes models, DBD seems to follow a characteris-
tic progression, resulting in different phenotypes of lower
urinary tract dysfunction in early and late phases. Early stage
diabetes (<9 weeks in rodents) causes detrusor overactivity in
both in vivo (cystometry) and in vitro (organ-bath) studies. In
the later stage (>12 weeks in rodents), the detrusor loses its
ability to expel urine or respond to in vitro stimuli such as
electrical field stimulations. Therefore, it has been hypothesized
that the result of end-stage DBD is an atonic or underactive
detrusor37 that is the result of long-term hyperglycaemia-
related oxidative stress and polyuria.38,39 There is a growing
body of evidence to indicate that oxidative stress and
inflammation are independently associated with obesity and
diabetes. Furthermore, oxidative stress appears to contribute to
complications of these disorders that include detrusor overac-
tivity and geriatric bladder dysfunction,40–42 it is plausible that
the natural history of DBD could be replicated in other chronic
conditions affecting the bladder such as obesity and ageing.

Obstruction and Bladder Overdistension Models

Bladder outlet obstruction (BOO) is a commonprecursor of LUTS
in the ageing male population, leading to filling and/or voiding
phase complaints.43 However, whether a patient develops a
higher post-void residual or eventual urinary retention is not only
dependent on the grade of BOO. Numerous in vitro and in vivo
animal studies have reported the bladder’s response to acute or
chronicBOO44–48. Several invitro studieshave shownaconsistent
relationship between increased bladder mass and altered
contractile responses in muscle strips in prolonged BOO in rat,
rabbit and cat preparations.49–52 Some studies have even
compared findings in animals to the human situation, mainly
focusing on structural rather than functional changes.53,54

Current models mostly induce mechanical obstruction by
placing a clip, ring, or suture around the urethra to induce
partial BOO. While acute effects are seen in these models, the
functional effects in partial BOO (pBOO) for longer times (>6
weeks in rat and rabbit, and >3 months in cats) seem to mimic
the effects in human BOO relativelywell. In these experimental
conditions the bladder mass increases in proportion to the
increase of bladder volume and the inability to empty
completely. With experimentally-induced BOO in cats, deterio-
ration of bladder function proceeded more slowly than in rats
and rabbits and the functional and morphological state of a
compensated bladder remain relatively stable52; this is also
often seen in humans with BOO but occurs at a much slower
rate. Thus pBOOmodels in rodents, rabbits, and cats can mimic
some of the aspects of loss of contraction seen in DU. In these
models reversibility of function after removal of the obstruc-
tion is often not seen. This is not a problem if one is interested in

the developmental pathology of DU, but is if the model is to be
used for drug-effect studies that might reverse obstruction.

Ischaemia/Oxidative Stress Models

The twomain animalmodels to investigate in vitro oxidative
damage are: direct bladder damage by hydrogen peroxide; or
indirect induction via ischaemia followed by reperfusion.55

Atherosclerosis-induced chronic bladder ischaemia significant-
ly reduces detrusor contractility of rabbit56 and rat bladders.57

A general problem in thesemodels is that the severity of effects
is difficult to titrate and establish, leading to large variability of
results. In vitro induction of oxidative stress, whether or not
caused by artificial obstruction, led to a significant decrease in
contractility.55,58 Overall, in vitro as well as in vivo animal
studies clearly show a correlation between oxidative stress and
impaired contractility. One of the important remaining
questions is to what extent reduction of oxidative stress can
be utilized as a potential therapeutic target in humans.59,60

Neurogenic Animal Models

Besides age-related comorbidities, incomplete emptying is
also common in patients with bladder dysfunction caused by
specific neurological disease, including multiple sclerosis (0–
40%),61 Parkinson’s disease (53%),62 and multiple system
atrophy (52–67%).63 Several animalmodels have been designed
to mimic specific neurogenic situations and relate these to
altered contractility.3 DU can span a spectrum from slightly
decreased ability to generate intravesical pressure (that may in
turn be compensated for by increasing outlet-opening capabili-
ty) to a bladder that cannot generate any pressure for emptying
upon neural activation. A canine model of lower motor neuron
injury has been developed, resulting in an atonic bladder.64 This
spinal root transection model showed activation of different
nerve tracts to the bladder after its reinnervation by transfer of
the genitofemoral nerve,65 indicating that there is plasticity in
the end organ following bladder reinnervation.
Although the neurogenic models mimic specific situations,

experimental resultsmay not be applied to awider group of DU
patients, however, some reinnervation paradigms have already

Fig. 1. Schematic hypothetical relationship between obstruction and

detrusor contractility as a function of age. The diagram shows an increase

of obstruction and subsequent decrease of detrusor contractility. Whether or

not a patient develops detrusor underactivity over time is dependent on the

capacity to compensate by increasing detrusor contractility (detrusor

contractile ability or ‘‘contractile reserve’’) or alter bladder outflow relaxation

(outlet opening capability). �Represents the rest compensatory capacity.
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been tested in experimental human studies,66 thus accentuat-
ing their importance and high translational value.

WHAT DATA DO WE NEED AND WHAT RESEARCH QUESTIONS
SHOULD BE ADDRESSED IN THE FUTURE?

1. Development of study tools based on a system’s pathophys-
iological approach

Given that effective voiding is maintained via a complex
balance between the compensatory capacity (or contractile
reserve) of the bladder and the outlet opening capability of
the bladder neck and urethra (Fig. 1), improvement of one or
both compensatory and correctable mechanisms could
potentially be used as a therapeutic target. More insight
into the interplay of different mechanisms (Fig. 2) such as
bladder and urethral sensation, urethral/bladder neck
relaxation and detrusor contraction, all under neuro-cogni-
tive control might give additional clues to explain ineffec-
tive bladder emptying.

� Which clinical observations determine best detrusor
compensatory capacity or infravesical relaxation capacity
and might define patients at risk for DU?

� How might the contributions of each factor be isolated
and measured?

� What is the role of bladder/urethral sensation and of
neurocognitive regulation in DU?

2. Characterization ofmorphological and functional properties
of isolated bladder wall samples

Research to evaluate structural bladder and urethral
changes in humans with DU should lead to better
understanding of its aetiology.

In vitro data from isolated human detrusor material
should yield invaluable information about cell and tissue
pathways that regulate detrusor contractility and urethral
relaxation allowing exploration of the relationship between
contractility and the clinical observation of impaired
contractile function This may be related to confounding
factors in in vitro preparations that influence contractile
output, but unrelated to muscle contractility per se,

including: altered connective tissue content; detrusor dener-
vation and enhanced neurotransmitter secretions from other
tissues, such as the mucosa.3,16,67 Moreover, factors other
than changes to bladder wall tension (in principle true
detrusor contractility) affect the ability of the bladder to raise
intravesical pressure, including: outflow tract resistance;
initial bladder volume; and bladder geometry.68

� What structural bladder and urethral changes in humans
are associated with the development of DU?

� What is the relationship between morphological and
functional properties of isolated bladderwall samples and
resultant LUT function from bladders yielding those
biopsy samples?

3. Correlation of in vitro and in vivo data
Likewise, such exploration of in vitro and in vivo human

material should allow additional insight into the transla-
tional nature of existing animal models.

� What is the relationship between in vitro data and in vivo
function in animal models of DU?

4. Development of more comprehensive models
Currently,most animalmodels represent a specific disease

state to explain DU, for example diabetes or BOO, therefore
for every model a translational step to a comparable human
conditions should be made.

� Which comprehensive animal models can we develop
based on clinical observations and pathophysiological
considerations.

5. Longitudinal data; needed for defining risk groups and
development of screening tools

In human DU multiple factors are most likely simulta-
neously involved. This multifactorial nature makes it
challenging to definewhether a drug, tested in experimental
animals, will have a substantial effect in clinical urological
practice. Therefore, determination of urodynamic or history-
based indicators for DU is necessary for detection, diagnosis
and follow-up after therapy. In addition, there is a need for
longitudinal studies in LUTS patients to define the factors,
which place patients at risk for developing DU.

� What are the urodynamic or history-based indicators,
associated with DU, which are required for detection,
diagnosis and follow-up after therapy?

� Are there specific pathologicalmarkers,which could allow
definition of at risk groups?

� Is there potential for a non-invasive screening tool to
predict at risk patients?

ACKNOWLEDGMENT

Portions of the results on ‘‘neurogenic animal models’’ were
supported by Award Number R01NS070267 from the National
Institute of Neurological Disorders and Stroke. The content is
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