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Chapter 16
Bladder Emptying: Contractility

Chasta Bacsu, Jack C. Hou, and Gary E. Lemack

�Definition of Bladder Contractility

Bladder contractility is a term used to describe the strength of bladder detrusor 
muscle contractions [1, 2]. Since bladder contraction requires parasympathetic 
stimulation, the detrusor pressure depends on the inherent strength of the detrusor 
muscle itself, which can be affected by a variety of factors, and intact neural cir-
cuitry. Loss of either would clearly impact contractile strength and overall bladder 
function. Normal detrusor function is initiated by a drop in urethral pressure fol-
lowed by a continuous detrusor contraction which leads to complete bladder empty-
ing within a normal time span. For many women who void primarily by urethral 
relaxation, this contraction may be modest or even absent. Detrusor underactivity 
implies a detrusor contraction of reduced strength and/or duration resulting in pro-
longed voiding, and/or a failure to achieve complete bladder emptying. An acon-
tractile detrusor identifies the condition where no detrusor contraction is noted, also 
typically associated with prolonged voids, incomplete emptying, or inability to void 
altogether. Examples of each of these conditions are demonstrated in urodynamic 
tracings shown in the remainder of the chapter.

Other factors, such as outlet resistance, can also greatly affect bladder contractil-
ity. Enhanced outlet resistance, in the setting of bladder outlet obstruction, will 
result in increased detrusor force for a variable period of time, followed potentially 
by a loss of force depending on the severity and duration of obstruction. Similarly 
diminished outlet resistance, for example in the setting of stress urinary inconti-
nence, has been shown to result in lowered detrusor pressures during voiding.

C. Bacsu, MD, BSc • J.C. Hou, MD • G.E. Lemack, MD (*) 
Department of Urology, UT Southwestern Medical Center, Room JA5.130D,  
5323 Harry Hines Blvd., Dallas, TX 75390-9110, USA
e-mail: gary.lemack@utsouthwestern.edu

mailto: gary.lemack@utsouthwestern.edu


228

The voiding phase of cystometry, also known as the pressure-flow study,
measures the relationship between detrusor pressure and flow rate during voiding.
While a low flow rate alone may be more likely to be associated with bladder
outlet obstruction, this clearly is not always the case. Indeed, the primary purpose 
of the pressure-flow study is to differentiate bladder outlet obstruction from low
flow due to detrusor underactivity or acontractility. Similarly, while uncommon,
patients with relatively normal flow may have quite elevated detrusor pressures
suggestive of obstruction, a diagnosis which can only be made during pressure-
flow analysis [3, 4].

�Assessment of Bladder Contractility

Measurement of detrusor contractility is commonly assessed by multichannel uro-
dynamics during the pressure-flow study. Isovolumetric techniques to study detru-
sor contractility where the urinary stream is interrupted using balloon occlusion, 
inflatable penile cuffs or occlusive condom catheters are not commonly used as they
can be uncomfortable, cumbersome, and may interfere with the normal desire to 
void. These tests are especially challenging in female patients [1, 2, 5]. Voluntary 
stopping of the urinary stream by contracting the urinary sphincter may not be reli-
able in measuring detrusor contractility [6]. Cystoscopic appearance (trabecula-
tions, cellules) and radiological findings (bladder wall thickness) may provide
indirect clues regarding bladder function and contractility, but again are non-specific 
findings.
Several formulas and nomograms based on pressure-flow studies have been

developed to better quantify detrusor contractility [1]. Watts Factor (WF) is a calcu-
lation used to follow changes in contraction strength as the bladder empties. It is 
based on detrusor pressure (Pdet), flow rate (Q), volume in the bladder (V), velocity 
of shortening of bladder circumference, and constant values (a=25 cm H2O, 
b = 6 mm/s) based on in vitro studies [7]. WFmax is proposed to represent maximal 
detrusor contractility and is calculated at maximal flow rate (Qmax) [8].

	
WF where= +( ) +( ) -éë ùû = +( )éë ùûP a V b ab V Q V Vdet det det t/ ; / /2 2 3 4

2
p p

//3

	

where Vt = volume of noncontracting bladder wall tissue [7].
Although some studies report WF and WFmax, no consensus has been made 

regarding normative values particularly in female patients [6, 8, 9]. A WFmax of 
<12 μW/mm2 for males and <5 μW/mm2 for postmenopausal females has been used 
in some studies to define detrusor underactivity [8, 10, 11]. Use of WF may not be 
suitable for practical use due to complexity of the calculation, poor reproducibility, 
and lack of standardized cutoff values [6, 8].

C. Bacsu et al.



229

Schafer simplified the approach to classify contractile strength based on 
relationship of detrusor pressure and urine flow rates in men with bladder outlet
obstruction [1, 12]. Bladder contractility index (BCI) is based on detrusor pressure
at maximum flow rate (Pdet@Qmax) and maximum flow rate (Qmax):

	 BCI = +P Q Qdet max max@ 5 	

In men, BCI>150 suggests strong contractility; BCI 100–150 suggests normal
contractility and BCI<100 suggests weak contractility [1, 3].

To address the limitation that BCI was based on men with BOO, Tan modified 
the BCI calculation and proposed a new formula of contraction strength for elderly 
women (mean age 70.1 years) with urge incontinence, known as the projected iso-
volumetric detrusor pressure (PIP) [2]:

	 PIP = +P Q Qdet max max@ . 	

With this modified formula, normal contractility in this cohort was defined as 
PIP=30–75 [2].
The relationship between detrusor contractility and urine flow in the form of a

pressure versus flow rate (p/Q) plot can be helpful in the understanding of detrusor 
function and outflow obstruction [12]. In efforts to better clarify this relationship, 
further calculations such as passive urethral resistance relation (PURR), linear
PURR, detrusor-adjusted mean PURR factor (DAMPF) have been proposed and
can be helpful in the assessment of patients with outflow obstruction taking into
account their detrusor contractility which could otherwise be overlooked [12].

�Detrusor Underactivity

Detrusor underactivity is defined by the ICS as “detrusor contraction of reduced 
strength and/or duration, resulting in prolonged bladder emptying within a normal 
time span” [13]. It is unclear if bladder contractility diminishes with age, though the 
most recent data suggests that this may indeed be the case [14–18]. What is clear is 
that merely the presence of a weak detrusor contraction during voiding itself may
not lead to a diagnosis of detrusor underactivity, since the definition implies some 
sequelae occur (altered or prolonged voiding) as a result of this urodynamic finding.
Both myogenic failure and bladder wall ischemia have been proposed as underlying 
pathophysiological mechanisms responsible for detrusor underactivity [17, 19–21].

Causes and predisposing factors of detrusor underactivity include medications, 
psychogenic factors, neurologic conditions, end-stage BOO, extensive pelvic sur-
gery, or idiopathic. Urodynamic studies are helpful to diagnosis detrusor underac-
tivity and rule out other causes of voiding dysfunction [17]. Urodynamically, 
detrusor underactivity is commonly found in a low pressure/low flow state. It also
may be diagnosed mistakenly in women who void primarily by urethral relaxation,
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in which case urinary flow rates may be normal, voiding is not prolonged, and as a
result underactivity cannot be truly diagnosed even in the setting of a weak detrusor
contraction. In a similar way, a weak detrusor contraction may be associated with
intrinsic sphincteric deficiency (ISD) with both men and women, though the pres-
ence of relatively normal voiding in these instances argues against the diagnosis of 
detrusor underactivity, which implies an insufficient contraction. Again, it is impor-
tant to stress that the urodynamic finding of a minimally contracting detrusor mus-
cle may have no clinical relevance, particularly in women, who void efficiently and 
effectively by urethral relaxation or have chronically reduced outlet resistance due 
to ISD.  Post-prostatectomy incontinence with compromised bladder outlet is 
another common situation where a relative detrusor underactivity occurs, in the 
absence voiding dysfunction or other sequelae.

Clinical scenario 1 (Fig. 16.1):

Urethral relaxation

A 69-year-old female with recurrent urinary tract infections but no bladder storage 
or emptying complaints. Her PVR is zero. Cystoscopy is unremarkable. She has  
no prior history of urologic pelvic surgery or neurological disease. Her urodynam-
ics are interesting because the PFS demonstrates urethral relaxation. Note the 
decrease abdominal pressure and the lack of significant rise in either Pves or Pdet. 
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Fig. 16.1 Urodynamic tracing of urethral relaxation in a female. Note decreased EMG activity
during voiding. Permission to void denoted by red arrow
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Despite an apparent PdetQmax of only 13  cm H2O (actual Pdet value may be even 
lower due to drop in Pabd), she completely empties her bladder by urethral relax-
ation, voiding 651 mL, with a maximum flow rate of 27 mL/s and normal bell-shaped 
flow curve. This is due to urethral relaxation at the time of voiding—as detected by 
the diminished sphincteric activity noted on EMG monitoring.

Clinical scenario 2 (Fig. 16.2):

Reduced outlet resistance, low pressure voiding in woman with SUI

A 62-year-old female with symptomatic stress urinary incontinence. She reports 
voiding with a normal flow. She is noted to have SUI on her study at 114 mL with 
differential VLPP of approximately 39  cm denoted by first two arrows. The low 
VLPP is consistent with intrinsic sphincter dysfunction. Bladder compliance is nor-
mal and there was no evidence of detrusor overactivity. Her MCC was 251 mL.

During the PFS, the detrusor contraction is relatively weak, but adequate to 
allow her to empty her bladder to completion with a bimodal flow curve (Qmax 
15 mL/s). The presence of a compromised bladder outlet has been associated with 
both lower valsalva leak point pressure (VLPP) and voiding pressures in women 
with SUI.
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Fig. 16.2  Urodynamic tracing demonstrating low pressure voiding in a female with SUI. Note the 
presence of a compromised outlet due to SUI can result in lower voiding pressure. Stress urinary 
incontinence denoted by black arrows. Permission to void denoted by red arrow
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The quality of the UDS is good. A cough at the end of the study confirmed 
catheters were in appropriate position with adequate zeroing. Her voided volume 
was not marked on the tracing.

Clinical scenario 3 (Fig. 16.3):

Detrusor underactivity/Crede voiding

An 82-year-old female with recurrent UTIs, urinary frequency and sensation of 
difficulty emptying her bladder. First sensation is at 176 mL. No stress incontinence 
was seen with cough or Valsalva maneuver. MCC is 365 mL. Compliance is normal. 
No detrusor overactivity is noted. On pressure-flow component of study, the patient 
was noted to apply external pressure to her suprapubic region, or crede, to assist 
with voiding. She voids with a prolonged stream to completion without a residual 
volume, and a notably weak detrusor contraction.

EMG shows appropriate relaxation as voiding starts though increased EMG 
activity during void may reflect straining. In this case, due to the presence of abnor-
mal voiding, the term detrusor underactivity should be applied.

The quality of this urodynamic tracing is fair. After permission to void (denoted 
by red arrow), a subtle rise in the Pabd is noted with crede maneuver which is also 
reflected in Pves tracing. Qmax of 21 mL/s is not representative of her flow curve as 
she does a crede maneuver to achieve that reading. Average flow rate is consider-
ably lower and more representative of her altered voiding function.
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Fig. 16.3  Urodynamic tracing of a female with sensation of difficulty urinating due to detrusor 
underactivity. Permission to void denoted by red arrow
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Clinical scenario 4 (Fig. 16.4):

Idiopathic detrusor underactivity following radical prostatectomy

A 71-year-old man underwent a radical prostatectomy 4 years prior to the study. 
His PSA is still undetectable. He complains of a weak prolonged stream, urinary 
frequency, nocturia (3/night), and sensation of incomplete emptying over the past 
year. Cystoscopy was unremarkable. First sensation occurred at 103  mL. He 
experiences strong urge at 201 mL but is ultimately able to attain a normal MCC 
of 348 mL.

Pdet does not rise substantially with his void, and a prolonged flow curve is noted. 
Qmax is 10 mL/s with PdetQmax of 14 cm H2O. His BCI (PdetQmax + 5(Qmax) is 64 (<100) 
which represents detrusor underactivity. He also was catheterized for 90 ml at the 
end of the study.

The quality of this tracing is fair. At the beginning of the study, Pdet is below zero, 
which is physically implausible. Vesical and rectal catheter position should be 
assessed to insure accuracy in situations such as this. Often the catheters may be 
against the wall of the bladder or rectum and instilling more fluid (or releasing) in 
the rectal balloon or initiating bladder filling will move the pressure detector from 
the luminal wall and correct the problem. Prior to voiding, there are corresponding 
increases of Pves and Pabd which represent patient movement and hiccups. It is impor-
tant to annotate the study with findings such as this to facilitate interpretation.
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Fig. 16.4  Urodynamic tracing of a male who is 4 years post-radical prostatectomy with incom-
plete bladder emptying and elevated residual. The BCI is <100 consistent with detrusor underactiv-
ity. Permission to void given twice, and noted with increases in both abdominal and vesical 
catheters and corresponding small volume voids
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Clinical scenario 5 (Fig. 16.5):

Relative detrusor underactivity associated with sphincteric deficiency in man status-
post radical prostatectomy.

A 68-year-old man 3 years out from radical retropubic prostatectomy is noted to 
have three pads per day leakage. Otherwise, he feels well, has had no bladder 
infections, and voids with a strong stream. In this urodynamic study, there is a rea-
sonable bladder capacity (360 mL), an absence of detrusor overactivity during fill-
ing, stress incontinence (noted at first arrow), and a relatively weak detrusor 
contraction supplemented by straining. Since he empties to completion, and in the 
absence of a prolonged flow, this finding would not be consistent with the term 
“detrusor underactivity” but rather represents a reduced detrusor contraction, pos-
sibly related to loss of outlet resistance over time.
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Fig. 16.5  Urodynamic tracing of a male with post-prostatectomy incontinence and relative detru-
sor hypocontractility. Similar to women with SUI, a compromised bladder outlet in a male can also 
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�Treatments for Detrusor Underactivity

A limited understanding of causes and a dearth of effective treatments for detrusor 
underactivity suggests that further innovative research and treatment strategies are 
warranted [22]. Optimization of voiding in patients with detrusor underactivity is
attempted by avoiding/treating constipation, discontinuing/limiting medications 
that can impact detrusor contractility, such as narcotics and medications with anti-
cholinergic properties, and aggressive ambulation. Bethanechol and other parasym-
pathomimetic agents have shown limited efficacy in clinical trials, and thus their use 
is largely discouraged [23, 24]. TURP in men with detrusor underactivity is contro-
versial with lower success rates compared to those without detrusor underactivity, 
but may have a role in select patients by reducing outflow resistance or undiagnosed
BOO after careful preoperative counseling [24–26]. Intermittent catheterization and
indwelling catheterization are the remaining options for those with a symptomatic
impaired bladder emptying secondary to underactivity.

�Acontractile Detrusor

An acontractile detrusor is defined as “the detrusor cannot be observed to contract 
during urodynamic studies resulting in prolonged bladder emptying and/or a failure 
to achieve complete bladder emptying within a normal time span [13].” Detrusor 
acontractility may be a more severe form of detrusor underactivity, and is thought to 
be caused by the similar underlying pathophysiologic mechanisms in many 
instances. Neurogenic causes (i.e., sacral cord injury), fixed chronic obstruction
(prolonged untreated benign prostatic growth), and functional causes (non-
neurogenic neurogenic bladder/Hinman syndrome, non-relaxing pelvic floor) may
all be associated with detrusor acontractility. As with detrusor underactivity, detru-
sor acontractility can be transient or permanent depending on the clinical circum-
stance. Also, the terminology implies not only to the finding of absent detrusor 
contraction, but to a resultant impact on voiding as well. In certain clinical scenar-
ios, such as voiding by urethral relaxation, the detrusor contraction may be absent, 
but voiding remains normal.

�Treatments for Detrusor Acontractility

The acontractile detrusor is typically managed by intermittent or indwelling 
catheterization (urethral or suprapubic), especially if due to a transient cause [27]. 
In cases of persistent detrusor acontractility, sacral neuromodulation (for non-
obstructive causes), intravesical electrostimulation, latissimus dorsi detrusor myo-
plasty, or continent catheterizable channels have been utilized in differing clinical
scenarios [27, 28].
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Clinical scenario 6 (Fig. 16.6):

Acontractile detrusor in a female

A 26-year-old female presents with complaints of bladder fullness without a typical 
desire/urge to void. She has noticed that if she tries to urinate the stream only drib-
bles and may take her several attempts to empty her bladder. She noticed that the 
stream has worsened with time over the course of 6–8 months. She has also had  
an increasing number of UTIs. She denies having a known neurological diagnosis 
but on further questioning reveals that she has experienced some visual changes, 
and occasional numbness and tingling in her left upper extremity. She has had no 
prior pregnancy, surgery, or neurological evaluation.

She was subsequently scheduled for urodynamics which revealed delayed first 
sensation (537 mL) and MCC of 733 mL. No incontinence was observed during fill-
ing. Despite having large MCC and desire, with permission, to void (at red arrow), 
she did not mount any detrusor contraction. An increase in vesical pressure is noted 
through this long filling curve suggestive of somewhat altered compliance. Given 
that this occurs over a volume of over 700 mL, the impact of this pressure change 
can be mitigated by an appropriate catheterization schedule. Urodynamic catheters 
were removed after the patient was unable to void with reasonable attempts of 
urination. After the catheter was removed, she only urinated 11 mL.
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Fig. 16.6  Urodynamic tracing of a female with an acontractile detrusor and inability to void. 
Permission to void denoted by red arrow. Pressure transducers adjusted at this point
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She has an acontractile bladder on UDS. The differential diagnosis of her acon-
tractile bladder includes an undiagnosed neurologic condition, medication, or idio-
pathic causes such as Fowler’s syndrome. She has been taught and will perform 
intermittent catheterization to empty her bladder. A neurological investigation 
revealed demyelinating lesions on CT suggesting multiple sclerosis.

This tracing is relatively poor quality as it is not perfectly zeroed, movement 
artifact is present, and the side scale has not been recalibrated to show the entire 
volume of fluid instilled. Since the patient could not void with the catheter in place 
a PFS could not be performed. However, detrusor acontractility is diagnosed dur-
ing her attempt to void.

Clinical Scenario 7 (Fig. 16.7)

Acontractile detrusor in elderly male

A 72-year-old male with chronic history of difficulty voiding and post-void drib-
bling, which was never treated. Noted to have PVR of 650 mL. Urodynamic study 
shows large bladder capacity, delayed desire to void, a stable bladder during filling, 
normal compliance, and detrusor acontractility on attempt to void.
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�Abnormal Detrusor Contractility

Clinical Scenario 8 (Fig. 16.8)

Detrusor after contraction

A 59-year-old man with post-prostatectomy incontinence. In this urodynamic study, 
note the sustained detrusor contraction after he urinates, denoted by second arrow. 
The detrusor after contractions may be an expression of sphincter contraction inter-
rupting an incomplete detrusor contraction. It has been reported mostly in connec-
tion with urge incontinence and urge symptoms.

Clinical Scenario 9 (Fig. 16.9)

“Super Voider”

A 37-year-old male complains of dysuria and urinary frequency. His UDS tracing 
demonstrates high detrusor pressure (Pdet 78 cm H2O) while voiding and a high 
peak flow rate (Qmax 24 mL/s).
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�Detrusor Hyperactivity and Impaired Contractility

First described in 1987 [29], detrusor hyperactivity with impaired contractility 
(DHIC) is characterized on urodynamics by low-amplitude involuntary detrusor
contractions during filling that are often associated with urethral relaxation, as well 
as impaired bladder emptying, and occurs predominantly in the elderly [30]. 
Presentation of DHIC can be variable and is often misdiagnosed. Females may be
misdiagnosed with intrinsic sphincter deficiency (ISD), whereas males are more
often misdiagnosed with bladder outlet obstruction (BOO); both of which may
result in unnecessary surgery [30].
Treatment of DHIC can be challenging given the paradoxical nature of the void-

ing disorder [29]. Management strategies depend on the symptoms, degree of 
bother, and general health status in addition to urodynamic findings. Conservative 
measures of fluid restriction, pelvic floor exercises, and bladder retraining can pro-
vide satisfactory results in some patients [30]. In the presence of OAB predominant 
symptoms despite trial of conservative measures, low dose anticholinergics or a 
beta-3 agonist may be initiated with careful attention to post-void residuals (PVR)
and related side effects for each type of medication; particularly cognitive
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impairment with anticholinergic use [30, 31]. If predominant symptoms are due to 
impaired bladder emptying, alpha blockers may help reduce outlet resistance and
improve emptying particularly in male patients. Mixed symptoms can be safely 
managed with combination therapy of alpha blockers with anticholinergics or a
beta-3 agonist. Intermittent catheterization (IC) is commonly employed to manage
elevated PVR in DHIC [30]. Prompted voiding every 2 h can be beneficial for cog-
nitively impaired and frail elderly. When all other approaches fail in the setting of 
high PVRs or large volume incontinence, protective incontinence devices and 
indwelling catheterization may be the only option.

Clinical Scenario 10 (Fig. 16.10):

DHIC in a female

A 73-year-old female complains of frequency, urge incontinence, and sensation of 
incomplete emptying. She has no prior history of GU surgery. Her past medical his-
tory is significant for diabetes and hypertension. She wears three thick incontinence 
pads per day.

Her urodynamics demonstrate reduced MCC of 245 mL. SUI was not seen with 
cough or valsalva during filling. She has urgency incontinence with terminal 
detrusor overactivity at 245 mL. After permission (denoted by red arrow), she voids 
primarily by straining and does not generate very high detrusor pressures. Qmax is 

0

600-1106

0

1106
0

100
0

100

100

0

50
0

600
0

0

600-1106

0

1106
0

100
0

100

100
0

50
0

600
0

P
ve

s
(c

m
 H

2O
)

P
ab

d
(c

m
 H

2O
)

P
d

et
(c

m
 H

2O
)

F
lo

w
(m

l/s
)

V
o

lu
m

e
(m

l)
E

M
G

(n
o

n
e)

V
H

2O
(m

l)
0 30 1:00 1:30 2:00 2:30 3:00 3:30 4:00 4:30 5:00 5:30 6:00 6:30 7:00 7:30 8:00 8:30 9:00

Fig. 16.10  Urodynamic tracing in an elderly female with detrusor hyperactivity and impaired 
contractility consistent with DHIC. Note terminal DO just prior to permission to void. Permission
to void denoted by red arrow

C. Bacsu et al.



241

14 mL/s with an intermittent stream. Determination of Pdet is especially challenging 
in the setting of valsalva voiding. She has a residual of 60 mL. This picture is sug-
gestive of detrusor hyperactivity with impaired contractility.

The quality of this study is fair but the increases in Pabd from movement make 
interpretation challenging as it is not perfectly clear if incontinence episode is 
purely associated with an uninhibited detrusor contraction. It is best to have the 
clinician and an experienced urodynamics technician present at the time of urody-
namics to increase the accuracy of diagnosis particularly when there is significant 
artifact present.

Clinical Scenario 11 (Fig. 16.11)

DHIC in a male

An 82-year-old male with history of prostate cancer treated by external beam radia-
tion 10 years ago presents with urgency and urge incontinence. He has also had 
bladder cancer previously treated with intravesical instillations. He has been on 
tamsulosin for many years and finds mild improvement with it. He has tried multiple 
anticholinergics without any benefit. He wears eight pads per day and leaks through-
out the day and night.
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Urodynamics were performed as part of his investigation with a fill rate of 
50 mL/s. He has phasic detrusor overactivity with small volume incontinence start-
ing at 133 mL. MCC is estimated at 235 mL although may be less given his episodes 
of incontinence during the filling phase.

After permission (denoted by red arrow), he voided by straining with very a low-
amplitude detrusor contraction. Flow curve is flattened and prolonged. PVR was 
177 mL. This pattern is suggestive of detrusor hyperactivity impaired contractility 
and is consistent with his history.

The quality of this study is relatively poor. It could have been more appropriately 
zeroed so the Pdet line would not be less than zero (negative) for the majority of the study. 
The clinician should have also decreased the rate to try to reduce the phasic detrusor 
contractions. Another flaw with this tracing is that the initial filling cystometrogram is 
missing. The interpreter recognizes this as the instilled volume does not start at zero.

Management of this patient is challenging as his predominant complaint is due 
to urgency/urge incontinence but he also empties his bladder very poorly. A TURP 
may not provide significant symptom relief in this setting, and generally should be 
avoided. Having failed medical management of urge incontinence, onabotulinum-
toxinA injections could be considered and may be of some benefit to reduce his 
overactivity and leakage, though he would very likely require intermittent catheter-
ization after such a treatment.

�Valsalva Voiding

Valsalva voiding typically refers to the presence of straining or “muscular effort to 
initiate, maintain or improve the urinary stream [13].” Some series have further 
specified that valsalva voiding occurs when detrusor pressure (Pdet) at time of blad-
der contraction is ≤10–15 cm H2O when accompanied by abdominal straining to 
initiate micturition [32–34]. The flow pattern on uroflowmetry has a sawtooth pat-
tern with a corresponding sawtooth pattern in the abdominal (Pabd) and vesical (Pves) 
pressure tracers. Urodynamic studies of men with post-prostatectomy incontinence 
have found valsalva voiding in 30–53 % [35–37]. Valsalva voiding may occur in 
conjunction with BOO, detrusor underactivity, SUI, post-prostatectomy inconti-
nence, and even in normal individuals [38]. In series of SUI females undergoing 
urodynamics preoperatively, 12–30 % had valsalva voiding [32, 34].

Clinical scenario 12 (Fig. 16.12):

Post-prostatectomy valsalva voider

A 63-year-old man post-radical prostatectomy complains of stress urinary inconti-
nence and prolonged, weak stream. He does not have any UTIs. His PSA remains 
undetectable. Cystoscopy shows no bladder neck contracture.

He was assessed for SUI which was present at several points during filling 
(denoted by first arrow). His compliance appears to decrease slightly at the end of 
fill. He also has a low-amplitude detrusor contraction with urge incontinence at the 
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end of fill (perhaps induced by valsalva). He then valsalva voids to empty his bladder 
(denoted by second arrow). This sawtooth pattern in Pabd and Pves with an intermit-
tent flow is characteristic of the valsalva voiding pattern. He voids to completion 
with no PVR. The quality of this tracing is good, free from significant artifact.

Clinical scenario 13 (Fig. 16.13):

Female who strains to empty

A 53-year-old female complains of frequency, a weak stream, and sensation of 
incomplete emptying. She has had a hysterectomy but denies other surgery. She 
denies history of UTIs or any known neurological disease.

Her urodynamics demonstrate first sensation at 99 mL. SUI was assessed and 
not demonstrated at 220 mL. Her MCC is slightly reduced at 272 mL. Compliance 
is normal. When she voids, she Valsalva voids with a characteristic sawtooth pat-
tern. Her overall voiding time is prolonged and flow is intermittent. True Pdet cannot 
be reliably assessed in the presence of valsalva voiding but it is clear that her detru-
sor pressures are not elevated. She voids 304 mL and does not have a PVR. EMG 
was not performed in this study. The quality of this study is adequate as it is nicely 
zeroed and free from significant artifact. The apparent and artifactual rises in detru-
sor pressure during voiding are a result of slightly unequal transmission in vesical 
and abdominal pressures (artifact).
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�Voiding Dysfunction and Pelvic Floor Dysfunction

Voiding dysfunction secondary to pelvic floor dysfunction (PFD) (also referred to
as dysfunctional voiding) can affect both men and women. Its exact incidence is 
unknown but is estimated to affect at least 2 % of adults [39]. It may manifest by 
symptoms of urgency, frequency, hesitancy, weak or intermittent stream, incom-
plete emptying, double voiding, incontinence, dysuria, constipation, and even recur-
rent urinary tract infections [39, 40]. Although dysfunctional voiding is most 
commonly seen in children, a number of patients with a long standing history of 
mixed lower urinary tract symptoms may not be diagnosed until adulthood [39–41]. 
PFD is thought to be a learned behavior which may date back to childhood toilet
training [39, 40]. It can occur in combination with defecatory dysfunction/constipa-
tion, pelvic or genital pain, and sexual dysfunction [42]. Neurologic causes of dys-
functional voiding should often be excluded in patients given this diagnosis. Adults 
with dysfunctional voiding tend to have predominantly obstructive and irritative 
LUTS compared to children who more frequently present with recurrent UTI and 
incontinence [39].
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The International Continence Society has attempted to standardize terminology
and defined dysfunctional voiding as “an intermittent and/or fluctuating flow rate
due to involuntary intermittent contractions of the peri-urethral striated muscle 
during voiding in neurologically normal individuals” [13, 43, 44]. Clues sugges-
tive of dysfunctional voiding based on a clinical history of LUTS may include 
difficulty urinating in public places, needing special techniques to relax or concen-
trate in order to urinate, listening to running water or touching the genitalia to 
prompt voiding; intermittent voiding pattern on non-invasive flow; and free of
neurologic or anatomic causes for voiding abnormality [39, 45]. In patients with 
dysfunctional voiding, the external urinary sphincter may contract during voiding 
on EMG or during fluoroscopy generally as a sign that the pelvic floor is non-
relaxing. Unlike neurogenic patients who have true detrusor-external sphincter
dyssynergia (DESD), EMG activity of the external urethral sphincter in non-neu-
rogenic patients decreases just prior to the detrusor contraction followed by an
increased EMG activity during detrusor contraction [39]. Behavior modification, 
physical therapy using techniques such as myofascial release or pelvic floor bio-
feedback and addressing other symptoms such as constipation may help alleviate
symptoms [46]. Hinman’s syndrome (non-neurogenic neurogenic bladder) is a
severe form of dysfunctional voiding in which the external urinary sphincter con-
tracts during voiding. It is usually diagnosed in childhood and if unrecognized,
can result in a severely trabeculated, decompensated bladder and irreparable upper 
tract damage [39].

�Fowler’s Syndrome

Fowler’s syndrome is a special category of voiding dysfunction characterized by
urinary retention and abnormal inability of external urinary sphincter relaxation in 
young women without neurologic disease or clear attributable cause [47, 48]. This 
condition has most often been reported in women under 30 years of age with
development of urinary retention of nearly or greater than 1  L urine without a 
strong urge to urinate [47–49]. The condition is diagnosed by needle electromyo-
gram (EMG) of the external urinary sphincter which demonstrates repetitive com-
plex discharges and decelerating bursts of EMG activity during voiding. Increased
urethral closure pressure is also often seen [47]. The underlying etiology of 
Fowler’s syndrome is unclear [48, 50]. A current hypothesized cause of Fowler’s
syndrome is a “hormone-sensitive channelopathy” resulting in increased activity 
of the external urethral sphincter [47]. Nearly 50 % of Fowler’s syndrome patients
also have polycystic ovaries [47, 49, 51]. Neurologic examination and investiga-
tion including MRI of the central nervous system is unremarkable. Attempts to
identify predisposing psychological factors have been inconclusive [50]. In 
roughly 70 % of patients, the first episode of urinary retention may occur following
a surgical procedure.
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Clinical scenario 14 (Fig. 16.14):

Difficulty voiding in female

A 28-year-old female noted to be in urinary retention of 1,500  mL 3 days after 
non-GU related surgery. She has no known neurological disease or symptoms. Her 
urodynamics demonstrated a MCC of 600 mL. She had normal compliance. She 
attempted to void (at red arrow) by abdominal straining and was unsuccessful leav-
ing significant post-void residual. There was increased EMG activity in her attempts 
to void which could be either due to her straining or inadvertent recruitment of her 
pelvic floor muscles.

In patients who do not spontaneously recover their ability to void after first 
initiating intermittent catheterization, sacral neuromodulation can be offered.
Women with urinary retention and diagnosis of Fowler’s syndrome may have a
higher likelihood of success with sacral neuromodulation compared to females
retention [50]. Treatment of Fowler’s syndrome using medications and onabotuli-
num toxin A injection has been largely unsuccessful [50].
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�Conclusion

Bladder contractility is a measure of detrusor muscle contractile strength and it can 
be affected by a variety of factors. Urodynamics is the only established tool used to 
evaluate bladder contractility and thus the overall bladder function. During assess-
ment of the bladder contractility, flow rate must also be taken into consideration as
outlet resistance can greatly affect bladder contractility. Understanding the relation-
ship between bladder contractility and outlet resistance relation is of paramount 
importance. A careful analysis of the urodynamic tracing along with a thorough 
understanding of the clinical scenario can aid tremendously in a better understand-
ing of the pathophysiology and help guide treatment recommendations.

References

1. Sullivan M, Yalla S. Functional studies to assess bladder contractility. J Urol Urogynakol.
2007;14(1):7–10.

2. Tan T, et al. Stop test or pressure-flow study?Measuring detrusor contractility in older females.
Neurourol Urodyn. 2004;23:184–9.

3. Abrams P. Bladder outlet obstruction index, bladder contractility index, and bladder voiding
efficiency: three simple indices to define bladder voiding function. BJU Int. 1999;84:14–5.

4. Gerstenberg TC, et al. High flow infravesical obstruction in men: symptomatology, urodynam-
ics and the results of surgery. J Urol. 1982;127(5):943–5.

5. Griffiths C, Rix D, Macdonald A. Noninvasive measurement of bladder pressure by controlled
inflation of a penile cuff. J Urol. 2002;167:1344–7.

6. Griffiths D. Detrusor contractility: order out of chaos. Scand J Urol Nephrol Suppl. 2004; 
215:93–100.

7. Griffiths D, Constantinou C, Van Mastriqt R. Urinary bladder function and its control in
healthy females. Am J Physiol. 1986;251:R225–30.

8. Sekido N. Bladder contractility and urethral resistance relation: what does a pressure-flow
study tell us? Int J Urol. 2012;19:216–28.

9. Seki N, et al. Voiding dynamics in women with stress urinary incontinence and high-stage
cystocele. Int J Urol. 2011;18(3):219–24.

10. CucchiA, et al. Urodynamic findings suggesting two-stage development of idiopathic detrusor
underactivity in adult men. Urology. 2007;70:75–9.

	11.	Cucchi A, Quaglini S, Rovereto B.  Development of idiopathic detrusor underactivity in 
women: from isolated decrease in contraction velocity to obvious impairment of voiding func-
tion. Urology. 2008;71:844–8.

12. Schafer W. Analysis of bladder-outlet function with the linearized passive urethral resistance
relation, linPURR, and a disease-specific approach for grading obstruction: from complex to 
simple. World J Urol. 1995;13:47–58.

13. Haylen B, et al. An International Urogynecological Association (IUGA)/International
Continence Society (ICS) joint report on the terminology for female pelvic floor dysfunction.
Neurourol Urodyn. 2010;29:4–20.

	14.	Maderbacher S, et al. The aging lower urinary tract: a comparative urodynamic study of men 
and women. Urology. 1998;51:206–12.

15. Gomes C, Arap S, Trigo-Rocha F. Voiding dysfunction and urodynamic abnormalities in
elderly patients. Rev Hosp Clin Fac Med Sao Paulo. 2004;59:206–15.

16  Bladder Emptying: Contractility



248

16. Nordling J. The aging bladder: a significant but underestimated role in the development of
lower urinary tract symptoms. Exp Gerontol. 2002;37:991–9.

17. Ababanel J, Marcus E-L. Impaired detrusor contractility in community-dwelling elderly pre-
senting with lower urinary tract symptoms. Urology. 2007;69:436–40.

18. Prieto C, Sanchez D, Salinas C. Effect of aging on detrusor function in males. Arch Esp Urol.
1997;50:579–83.

19. Taylor J, Kuchel G. Detrusor underactivity: clinical features and pathogenesis of an underdi-
agnosed geriatric condition. J Am Geriatr Soc. 2006;54:1920–32.

20. Elbadawi A, Yalla S, Resnick N. Structural basis of geriatric voiding dysfucntion. II. Aging
detrusor normal versus impaired contractility. J Urol. 1993;150:1657–67.

21. Griffiths D, et al. Cerebral control of the lower urinary tract: how age-related changes might
predispose to urge incontinence. Neuroimage. 2009;47:981–6.

22. Anderssen K-E. Detrusor underactivity/underactive bladder: new research initiatives needed. 
J Urol. 2010;184:1829–30.

23. Krishnamoorthy S, Kekre N. Detrusor underactivity: to tone or not to tone the bladder? Indian
J Urol. 2009;25:407–8.

	24.	Barendrecht M, et  al. Is the use of parasympathomimetics for treating underactive urinary 
bladder evidence-based? BJU Int. 2007;99:749–52.

25. Ou R, et al. Urodynamically diagnosed detrusor hypocontractility: should transurethral resec-
tion of the prostate be contraindicated. Int Urol Nephrol. 2012;44:35–9.

26. Han D, et al. The efficacy of transurethral resection of the prostate in patients with weak blad-
der contractility index. Urology. 2008;71:657–61.

27. Ginsberg D. Bladder acontractility: detrusor myoplasty and other options. Nat Rev Urol.
2011;8:185–6.

28. Lombardi G, et al. Clinical efficacy of intravesical electrostimulation on incomplete spinal
cord patients suffering from chronic neurogenic non-obstructive retention: a 15 year single
centre retrospective study. Spinal Cord. 2013;51:232–7.

29. Resnick N, Yalla S. Detrusor hyperactivity with impaired contractile function. JAMA.
1987;257:2076–3081.

30. Yalla S, Sullivan M, Resnick N. Update on detrusor hyperactivity with impaired contractility.
Curr Bladder Dysfunct Rep. 2007;2:191–6.

31. Lui S, Chan L, Tse V. Clinical outcome in patients with detrusor hyperactivity with impaired
contractility (DHIC). BJU Int. 2011;107(supp):7.

32. Miller E, et al. Preoperative urodynamic function may predict voiding dysfunction in women
undergoing pubovaginal sling. J Urol. 2003;169:2234–7.

33. Bhatia N, Bergeman A. Urodynamic predictability of voiding following incontinence surgery.
Obstet Gynecol. 1984;63:85–91.

34. Pham K, et al. Preoperative Valsalva voiding increases the risk of urinary retention after
midurethral sling placement. Int Urogynecol J. 2010;21:1243.

35. Chao R, Mayo M. Incontinence after radical prostatectomy: detrusor or sphincter causes. 
J Urol. 1995;154:16–8.

36. Han J, et al. Treatment of post-prostatectomy incontinence with male slings in patient with
impaired detrusor contractility on urodynamics and/or who perform valsalva voiding. J Urol.
2011;185:1370–5.

37. GomhaM, Boone T.Voiding patterns in patients with post-prostatectomy incontinence: urody-
namic and demographic analysis. J Urol. 2003;169:1766–9.

38. Miller E. Physiology of the lower urinary tract. Urol Clin North Am. 1996;23:171–6.
39. Groutz A, et al. Learned voiding dysfunction (Non-neurogenic, neurogenic bladder) among
adults. Neurourol Urodyn. 2001;20:259–68.

40. Carlson K, Rome S, Nitti V. Dysfunctional voiding in women. J Urol. 2001;165:143–8.
	41.	Bower W, et al. Assessment of non-neurogenic incontinence and lower urinary tract symptoms 
in adolescents and young adults. Neurourol Urodyn. 2010;29:702–7.

42. WangY-C, Hart D, Mioduski J. Characteristics of patients seeking outpatient rehabilitation for
pelvic-dysfunction. Phys Ther. 2012;92:1160–74.

C. Bacsu et al.



249

43. Rosier P, et al. Developing evidence-based standards for diagnosis and management of lower
urinary tract or pelvic floor dysfunction. Neurourol Urodyn. 2012;31:621–4.

	44.	Abrams P, et al. The standardisation of terminology in the lower urinary tract: report from the 
Standardisation Sub-Committee of the International Continence Society. Urology. 2003;61(1): 
37–49.

45. Groutz A, Blavais J. Non-neurogenic female voiding dysfunction. Curr Opin Urol. 2002;12: 
311–6.

46. Adelowo A, et al. Do symptoms of voiding dysfunction predict urinary retention? Female
Pelvic Med Reconstr Surg. 2012;18:344–7.

47. DasGupta R, Fowler C. The management of female voiding dysfunction: Fowler’s syndrome—
a contemporary update. Curr Opin Urol. 2003;13:293–9.

48. Kavia R, et al. Urinary retention in women: its causes and management. BJU Int. 2006; 
97:281–7.

49. Yande S, Joshi M. Bladder outlet obstruction in women. J Midlife Health. 2011;2:11–7.
50. De Ridder D, Ost D, Bruyninckx F. The presence of Fowler’s syndrome predicts successful

long-term outcome of sacral nerve stimulation in women with urinary retention. Eur Urol. 
2007;51:229–34.

51. Fowler C, et al. Abnormal electromyographic activity of the urethral sphincter, voiding dys-
function, and polycystic ovaries: a new syndrome? BMJ. 1988;297:1436–8.

16  Bladder Emptying: Contractility


	Chapter 16: Bladder Emptying: Contractility
	Definition of Bladder Contractility
	 Assessment of Bladder Contractility
	 Detrusor Underactivity
	Treatments for Detrusor Underactivity

	 Acontractile Detrusor
	Treatments for Detrusor Acontractility
	Abnormal Detrusor Contractility


	 Detrusor Hyperactivity and Impaired Contractility
	 Valsalva Voiding
	 Voiding Dysfunction and Pelvic Floor Dysfunction
	 Fowler’s Syndrome
	 Conclusion
	References


