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Abstract Objective: To review the current definitions, terminology, epidemiology
and aetiology of detrusor underactivity (DU), with specific attention to the diagnos-
tic criteria in use. In addition, we address the relation and the overlap between DU
and bladder outlet obstruction (BOO). In this mini-review, we hope to help identify
DU patients and facilitate structured clinical evaluation and research.

Methods: We searched the English literature using ScienceDirect and PubMed for
relevant articles. We used the following terms: ‘detrusor underactivity’, ‘underactive
bladder’, ‘post voiding residual’, ‘post micturition residual’, ‘acontractile bladder’,
‘detrusor failure’, and ‘detrusor areflexia’.

Result: DU is one of the most common conditions causing lower urinary tract
symptoms (LUTS). Unfortunately, it is also the most poorly understood bladder
dysfunction with scant research. To our knowledge there is no clear definition and
no non-invasive method to characterise this important clinical condition. DU may
result from the normal ageing process; however, it has multiple aetiologies including
neurogenic and myogenic dysfunction. In many cases the symptoms of DU are sim-
ilar to those of BOO and it usually requires invasive urodynamic study (UDS) for
diagnosis to differentiate the two diagnoses. A number of diagnostic tests may be
used including: UDS testing, the Schafer pressure/flow nomogram, linear passive
urethral resistance relation, Watts factor, and the bladder contractility index. Of
these, UDS testing is the most practical as it determines both the maximum urinary
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between the symptoms of DU and BOO, it is difficult to diagnose DU clinically.

© 2016 Arab Association of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.
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Introduction

Detrusor underactivity (DU) is one of the most common
conditions causing LUTS, yet it is poorly understood
and therefore remains a topic of ongoing research
[1,2]. Various terminologies have previously been used
to describe DU, such as underactive bladder [3],
impaired detrusor contractility [4], bladder failure, blad-
der decompensation, hypotonic bladder [5], detrusor
areflexia, and detrusor failure [6]. The variety of termi-
nology and various implied definitions reflect a lack of
consensus. In 2002, the International Continence Soci-
ety (ICS) defined DU 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’ [2]. This definition
is based mainly on urodynamic study (UDS) findings,
not on symptoms. Whilst a definition based on the clin-
ical syndrome of the condition may aid in the under-
standing of DU, the symptoms of DU are similar to
those of BOO, such as weak or interrupted stream,
and significant post-void residual urine (PVR) volume,
which cannot be differentiated except by UDS.

Methods

We searched the literature for relevant articles from Jan-
uary 1972 to January 2016 using the electronic English
databases ScienceDirect and PubMed. We used the
terms: ‘detrusor underactivity’, ‘underactive bladder’,
‘post voiding residual’, ‘post micturition residual’,
‘acontractile bladder’, ‘detrusor failure’, and ‘detrusor
areflexia’. Studies that were not in English, case reports,

or those not including any of the following: definition,
terminology, epidemiology, actiology of the DU, and
the overlap between DU and BOO were excluded.

Results

The primary search identified 258 articles. After applying
the above exclusion criteria, we included 33 articles. We
found that the ICS definition does not include symp-
tomatology. DU may be defined as ‘decrease in sensation
of the micturition desire that may be accompanied by
nocturia and frequency with decrease in voiding volume
associated by incomplete bladder empting and inconti-
nence that may increase at night’ [7]. Including the symp-
tom complex, as in definition of overactive bladder
(OAB), may improve the diagnosis and treatment of
DU. However, unfortunately, symptoms alone cannot
be used for diagnosis in clinical practice due to the over-
lap between the symptoms of DU and BOO. The only
practical method of differentiating these two conditions
is UDS, an invasive technique. To our knowledge there
is no clear definition or non-invasive method to resolve
this important clinical condition [8]. Clinicians require
multiple data for diagnosis such as the strength of detru-
sor contraction, whether detrusor contraction is sus-
tained, and the presence or absence of incomplete
bladder emptying. In contrast, clinicians may begin
first-line management in the presence of OAB symptoms
without confirming the diagnosis [1].

Epidemiology

Many of the clinical studies for patients with non-
neurogenic LUTS showed that DU was present in 9—
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28% of men aged < 50 years increasing to 48% in men
aged > 70 years. In elderly women, prevalence ranges
from 12% to 45%. However, estimating the epidemiol-
ogy of DU is difficult, as it is largely based on clinical
picture rather than UDS findings [1,9].

Aetiology

DU cannot only be explained as an ageing process, but
also occurs in response to multiple aetiologies [10],
including both myogenic and neurogenic factors. Myo-
genic causes include changes in the ultrastructure of
myocytes and gap junctions that inhibit detrusor con-
traction and deposition of collagen between muscle bun-
dles, similar to changes mostly occurring in BOO where
detrusor decompensation occurs [11,12]. Neurological
factors also play an important role in the pathogenesis
of DU, as any interruption in afferent or efferent supply
from and to the detrusor muscle leads to major DU [13—
15]. Many neurological diseases can lead to lower motor
neurone symptoms resulting in DU such as diabetic
cystopathy, Parkinsonism, multisystem atrophy, multi-
ple sclerosis, Guillain—Barré syndrome, spinal lumber
disc hernia, and spinal cord injury. Further, it may occur
as a result of iatrogenic neurological injury such as in
pelvic surgery, radical prostatectomy, abdominoperineal
resection, and radical hysterectomy [2].

Clinical picture

Clinically patients with DU present complaining of
LUTS, hesitancy, difficulty, interrupted stream, weak
stream, post-micturition dripping, and sensation of
incomplete voiding with chronic urinary retention
(CUR) and an clevated PVR, generally <300 mL
[2,16]. The ICS definition does not specify PVR volumes
in CUR. Patients may present in a late stage with com-
plications of CUR such as nocturnal enuresis, overflow
incontinence, recurrent UTI, stone formation, and
reflux with azotaemia [2]. As stated previously, present-
ing symptoms are similar to the symptoms of BOO and
it may be difficult to differentiate the two conditions
without invasive UDS testing.

Notably, during UDS, DU should be differentiated
from Alzheimer dementia. In Alzheimer dementia, the
patient may be unable to follow the command to con-
tract the detrusor muscle, although proper function is
not compromised. This is a common problem in elderly
patients [17].

DU may also be associated with detrusor overactivity
(DO), known as detrusor hyperactivity with impaired
contractility (DHIC), a condition that mostly occurs in
elderly patients where the patient complains of both
storage and voiding symptoms. In this condition, on
UDS, detrusor contractions occur during filling and
there is also failure of effective detrusor voiding contrac-

tions [18]. Mahdy and Ghoniem [19] proposed a change
to the old terminology (DHIC) to DO with DU
(DODU), to better describe and diagnose this condition.

Classification

According to UDS testing, DU can be classified in men
into three categories: mild, moderate, and severe. This is
based mainly on detrusor pressure at the maximum uri-
nary flow rate (Pge@Qmax) and degree of emptying val-
ues of >40 cmH,O are normal, 30-40 cmH,O are mild
DU, 20-30 cmH,O are moderate DU, and <20 cmH,O
are severe DU. Classification is highly relevant for
choosing the method of treatment and to evaluate the
follow-up of the patients [8]. In women, an exact defini-
tion or classification is even less clear and mainly relates
to the degree of bladder emptying, i.e., residual urine
volume. The values of DU equal those of the lower limit
of the normal range, which have been estimated by stud-
ies done on adult males, who underwent bladder outlet
operations [20]. Other studies have also been done on
female patients [21] and healthy young adults as well
[22].

Diagnosis

UDS testing measures the relationship between P4, and
the expulsion of urine through the urethra [23]. When
the flow increases the urethral pressure decreases, reach-
ing its lower limit at maximal flow (i.e., lowest outlet
resistance). Bladder strength can be estimated by mea-
suring the isovolumetric Py, which is the highest pres-
sure value reached when outflow is stopped during
voiding (i.e., highest outlet resistance) [1]. UDS testing
is the only practical method to diagnose DU [8], as it
estimates the sustainability of contraction and strength
of detrusor muscle by measuring Q,,.x and Py relative
t0 Qmax- A Qmax of <I15mL/s and Py @Qmax of
<40 cmH,O may indicate DU; however, ‘normal’
ranges are not widely accepted. UDS testing is advanta-
geous because it is simple to use, but it may still under-
estimate detrusor strength.

Other methods may be used to diagnose DU by mea-
suring the isovolumetric detrusor contraction. The prac-
tical UDS methods in evaluating detrusor function are:
the Schafer pressure/flow nomogram or linear passive
urethral resistance relation (LinPURR) to evaluate
and grade BOO, Watts factor, and the bladder contrac-
tility index (BCI) for detrusor work.

The Schafer LinPURR curve was developed to eval-
uate detrusor function relative to BOO. The urethral
resistance relation is a straight line that characterises
the relationship between Py and flow. It consists of
seven zones and indicates increasing grades of obstruc-
tion on a scale of 0-6. Grades 0 and 1 indicate no
obstruction; grade 2, equivocal or mild obstruction;
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grades 3-6, increasing severity of obstruction [24]. Each
of these data points indicates the degree of obstruction
and the detrusor strength; it is plotted according to the
Qmax> Pder and detrusor strength on the LinPURR dia-
gram. This may be particularly useful in differentiating
patients with obstructive patterns from those with true
DU [24].

The Watts factor is a mathematical analysis of UDS
data, measuring the detrusor power per bladder surface
unit. It measures the isovolumetric P4, independent of
BOO [25], but not the sustainability of contraction or
BOO [26]. The equation for the Watts Factor is: Watts
factor = [(Pget + @)(Vger + b) — ab]/2m, where Vg 1S
the detrusor shortening velocity and a and b are constants
(a = 25cmH»0, b = 6 mm/s). As V4o and Py vary
throughout the voiding cycle, the Watts factor changes
as well. There are no widely accepted ‘normal’ values;
however, a Watts factor of 7 W/m? may indicate DU [1].

BCI can be calculated by the following formula:
BCI = Pgei@Qmax T 5Qmax- A BCI of >150 is strong,
BCI 100-150 is normal, and BCI < 100 is weak, indi-
cated on a bladder contractility nomogram [24]. The
BCI is fast and easy to use, and therefore amenable to
clinical settings. However, the index does not account
for BOO and therefore cannot assist in identifying
between these two independent or concomitant
conditions.

The three measurements are highly correlated. Still,
in our opinion, multichannel UDS testing remains the
most practical to diagnose DU.

Finally, evaluation of sensation is very important, as
it reflects the intact afferent supply. Sensation is esti-
mated by asking the patient to inform about the first
sensation, first desire and strong desire during the filling
phase in UDS [28]. It is usually correlated with DU;
however, because of its subjectivity there has not been
much research to characterise impaired bladder
sensation.

Points of interest

Although DU can result from advanced BOO, the rela-
tionship between the two conditions is not usually
straightforward. However, not all patients with BOO
develop DU and not all patients with BOO have DU
[29]. The outcome of prostate surgical procedures in
those patients with DU is still controversial. Some stud-
ies suggest that there are no favourable outcomes for
those with DU [30], whilst other studies suggest that
patients with combined DU and BOO will benefit from
prostate surgical procedures [31]. Other studies go to the
extremes, where they address that patients with DU will
benefit from prostate surgical procedures even when
they are not associated with BOO [32]. Finally, in a ret-
rospective analysis of 4272 UDS, it was concluded that

underactive bladder is not a symptom complex and
DU should be based on UDS diagnosis [33].

Conclusion

DU is a frequent finding and commonly contributes to
LUTS. There are many challenges that make it difficult
to accurately diagnose based on the clinical presentation
alone, as it has the same clinical appearance as advanced
BOO. Thus, it is not easy to screen for DU based on
symptoms alone. UDS testing is the cornerstone of
DU diagnosis. Moreover, it can aid in the classification
and follow-up of DU. For many years there was no con-
sensus on the definition of DU. In 2002, the ICS defined
DU according UDS findings. Although UDS testing is
invasive, it is simple, reliable, and practical. There has
been recent renewed interest in DU with the necessary
basic research to shed light on the pathophysiology of
this common condition. We hope more research is done
to find other less invasive and more practical methods
for diagnosis. This will help to advance the understand-
ing of DU and hopefully treatment of this common uro-
logical condition.
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