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the basis of the consultations publication and has been summarized by the committee
for this manuscript.
Results: Patients that are not satisfied with their initial management on the basis of
their reported signs and symptoms of urinary incontinence, as well as all patients with
neurological abnormalities that are potentially relevant for the function of the lower
urinary tract, may very likely profit from objective diagnosis and staging and grading
of their dysfunction, with urodynamic testing, regardless their age, vulnerability and/
or comorbidities. The principles and technical innovations as well as the principal
recommendations for the utilization of (invasive) urodynamic assessment for women,
men, children, and vulnerable elderly, with or without neurogenic lower urinary tract
dysfunction with urinary incontinence are provided in this abbreviated ICI
recommendations-document.
Conclusions: The ICI2016 committee on urodynamics presents an executive
summary of the most important reasons and recommendations for the use of
urodynamic investigations for patients with urinary incontinence.
KEYWORDS
clinical practice guideline, diagnosis, expert review, lower urinary tract dysfunction, neurogenic
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1 | INTRODUCTION
The evidence around Urodynamic testing (UDS) for patients
with signs and symptoms of urinary incontinence (UI) was
reviewed by an expert panel for the 6th International
Consultation on Incontinence; held in Tokyo 2016. The
Neurourology and Urodynamics. 2019;38:545–552.

conclusions and recommendations from ICI2013 regarding
the application of UDS for the following discrete groups;
women, men, children, neurogenic lower urinary tract
dysfunction (NLUTD) and the frail elderly have been adapted
to the new published evidence.1 We present a summary of the
recommendation—updates and selected literature references
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from this chapter. Where relevant, the paragraphs begin with a
summary of the earlier (2013) recommendation,2 followed by
the Tokyo-2016 update-text.

2 | METHODS
The book chapter text reflects expert consensus on the basis of
(Oxford) graded evidence and recommendations, based on
considered judgement. Literature synthesis methods are
outlined in the introduction of the book.1 In short for this
sub-committee on urodynamics: Literature selection has
initially been based on literature referred to in the ICI 20132
chapter but all co-authors have for their specific paragraph
updated their search with publications up to June 2016
Sensitive searches were done in PubMed with terms for
example: Urodynam* AND (Child* OR Pediatr*) or:
Urodynam* AND (incont* AND male) etc. Specific searches
or updates were sought wen deemed necessary, usually
deriving from literature cited in ICI2013. Many ICI2013
references are not repeated in the ICI2016 chapter usually the
most generic, important, and/or recent have remained and the
newest references have been added. This manuscript has
however only imported the most relevant (and) recent
references from the chapter.

2.1 | Principle of urodynamics
UDS allows direct assessment of lower urinary tract (LUT)
function by the measurement of relevant physiological
parameters(ICS-ST20023),4 and invasive UDS (iUDS) is
defined as any test that involves insertion of one or more
catheters or any other transducers into the bladder and/or
other body cavities, or insertion of probes or needles, for
example for (needle-) EMG measurement5 (ICS-GUP2016).
UDS is performed to (the only manner to) objectively
measure and document the entire LUT function and/or
dysfunction when it can have therapeutic consequences. UDS
can also be performed as part of a surveillance or a research
program.
UDS features are observed/measured in an objective
manner and should identify all elements of LUT-function and
dysfunction and their relative importance to explain the
person's perceived signs or symptoms in broad clinical
perspective. Every element of function and dysfunction can
therefore be urodynamically staged and graded and be related
to this perspective.
Some recent studies have challenged iUDS with a clinical
diagnosis as the comparator. Specifically, the “clinical
diagnosis of SUI” was used as a predictor of outcome of
sub-urethral tapes in a very selected group of patients.6 When
this clinical diagnosis had been compared with one specific
element (filling-cystometry) of the iUDS diagnosis in a
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dichotomous manner (“yes-or-no (stress-) urine incontinence”)7 neither way of diagnosis has been superior for the
patients recruited in this study to predict the success of
“continence” as the single outcome. The question remains
whether the outcome of the surgery (or of alternative
management, based on the urodynamic results5) could have
been better than the ±65% overall success rate, when a more
structured clinical as well as iUDS (staging and grading)
diagnosis and/or analysis had been used in these clinical
trials.5,8

2.2 | Technological innovations
ICI2016 recommended again (ICI2013) that investigators
planning to use air-filled catheters for intravesical and intraabdominal pressure measurement in iUDS are advised to
check for themselves that they have an equivalent performance to their current system for measuring pressure and to
understand that these catheters are not equivalent to (ICSstandard) fluid-filled systems because pressure references for
air-filled catheters are lacking.
Non-invasive measurements of vesical pressure studies
during voiding in men by the penile cuff or condom catheter
have not shown any applicability in the diagnosis of UI. Nearinfrared detrusor spectroscopy has shown a relation with
detrusor (over)activity in selected recordings but was not
reproducible in follow up study. The committee does not
currently recommend penile cuff pressure, urethral retroresistance pressure measurements, and urethral pressure
reflectometry, nor bladder wall thickness assessment or
near infrared detrusor spectroscopy nor condom for the
routine clinical diagnosis of UI or of LUTD.
The ICI2016 concluded that there is some evidence that
abdominal LPP has been helpful as predictor of success of
surgery in female patients with SUI-S9 or patients with post
RRP UI.10 The ICI2016 did however not recommend
abdominal LPP measurement as a single iUDS parameter
in patients with UI. LPP may aid in the differentiation
between intrinsic sphincter deficiency and urethral hyper
mobility and this ICI2016 committee on urodynamic testing
refers to the management/treatment chapters for the relevance
of this differentiation.

3 | URODYNAMIC TESTING OF
WOMEN WITH URINARY
INCONTINENCE
3.1 | Stress urinary incontinence syndrome
The ICI2013 concluded that the sensitivity and the specificity
of the symptoms, when systematically assessed including
voiding diary, is at best around 60%, in comparison with
iUDS. The think tanks of the International Consultation of
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Incontinence Research Society (ICI-RS) have discussed the
diagnostic strategy for UI and suggest that the patients’
presentation can be more precisely delineated as syndromes:
SUI syndrome (SUI-S), the overactive bladder syndrome
(OAB-S),3 and the neurogenic LUT dysfunction syndrome
(NLUTD-S) are suggested as more precise and descriptive
terms that can be used to delineate categories of patients based
on symptoms and objective (clinical) signs.11 The ICI2016
recommends iUDS when a patient presents with symptoms
and signs of LUTD (especially UI) that are not typically “SUIS” or typically “OAB-S(wet).” Furthermore the ICI2016
recommends (grade A), in agreement with all existing
guidelines, iUDS for every patient that presents with new
or persisting symptoms and signs of LUTD after initial (or
subsequent) management or when a patient after initial
conservative management or pharmacotherapy expresses the
wish for more invasive and/or irreversible treatment. The
committee recommended (grade D) that it is also at present (as
in ICI2013) not possible to predict who will develop voiding
difficulty following surgery for SUI and recommended (grade
B) that patients with SUI-S are informed that the chance of
developing urinary urgency (OAB-S) following surgery is
unpredictable when am iUDS diagnosis of USUI is
established. ICI2016 recommended again (ICI2013) that
patients are informed before surgical intervention of a likely
lesser success rate when OAB-S (without iUDS) or iUDS-DO
or reduced compliance and/or cystometric capacity exist.12,13

3.2 | Urgency urinary incontinence syndrome
—Overactive bladder syndrome
Regarding patients with OAB-S the ICI2016 concluded also
(ICI2013) that the quantity of symptoms or specific
characteristics of OAB-S do not predict the response to the
currently available therapeutic approaches. The committee
concludes (grade A) that the absence of DO (eg, in patients
with urgency and/or frequent voiding or OAB-s) is relevant
for further management, because treatments for OAB-S lack a
“mechanism of action” or lack specific evidence of efficacy
for those patients. The committee recommends (grade A)
iUDS in patients with persistent symptoms after initial
management of OAB-s, asking for further management.

4 | URODYNAMIC TESTING OF MEN
WITH URINARY INCONTINENCE
ICI2016 recommends iUDS for objective diagnosis of male
LUT function, certainly in men with UI without a history of
(prostate) surgery. UI in men after surgery for BPE-BOO is
reported to be the consequence of sphincter weakness or
deficiency, sphincter weakness plus DO or of reduced
compliance alone.14,15 The committee recommends iUDS
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when elderly male patients have persisting LUTS and/or UI
after surgery for prostatic BOO certainly if further (invasive)
management is considered.16,17
The most prevalent aetiology of UI in men is however
retropubic radical prostatectomy (RRP).18 (Bothersome) UI
after RRP is increasingly incident despite improvement in
surgical techniques. Sphincter weakness is the main cause of
UI after RRP is, but reduced compliance and DO, with or
without neo-bladder neck outflow obstruction contribute in a
proportion of those patients.19,20 iUDS have demonstrated
value to identify the aetiology of LUTD after surgery or
radiotherapy of prostate malignancy. The committee recommends that iUDS should be performed when RRP UI has not
spontaneously improved and conservative measures have
failed, after a minimum of 6 months post-surgery. The
committee recommends that iUDS for patients with RRP UI
is not only done to evaluate USUI but that it is also done
specifically to evaluate bladder storage function. Thus it is
advised to do cystometry with prevention of leakage during
the test until (if possible) a practical volume for the patient
(eg, 400 mL) is reached at low pressure (without pain).

5 | URODYNAMIC TESTING OF
ADULT PATIENTS WITH
NEUROGENIC LOWER URINARY
TRACT DYSFUNCTION
Any disturbance of the nervous system can result in signs and
symptoms of LUTD. The extent and location as well as the
duration of the neurological dysfunction will determine the
type of LUTD, which can be symptomatic or asymptomatic,
partially also depending on-loss of-sensation. Neuro-urological dysfunctions can cause a variety of long-term complications; the most significant being deterioration of renal
function.21–23 There is expert unanimity in every practice
guideline, that patients with neurological disease known to be
associated with LUTD should be objectively evaluated for the
presence of NLUTD with iUDS.24 Especially in spinal cord
injury (SCI) and also adult patients with myelomeningocele.
Specific management on the basis of iUDS results has very
significantly added to the reduction of renal failure as a
consequence of neurogenic dysfunction, and has very much
reduced mortality.25 The aims of therapy for NLUTD are to
achieve bladder filling and voiding conditions a physiological
as possible. Management should however always be balanced
to the patient's acceptance and practicality in daily life.
Lengthy periods of high detrusor pressure during bladder
storage phase or (abnormally prolonged and/or high pressure)
voiding pose a risk to the upper urinary tract (UUT).4,26 The
committee recommends that iUDS should be considered as a
baseline evaluation of patients with signs and symptoms, or
with suspicion of NLUTD and that video iUDS is considered
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when anatomical abnormalities with the NLUTD are not
unlikely.

6 | URODYNAMIC TESTING IN
CHILDREN WITH URINARY
INCONTIENCE
ICI2016 confirmed ICI2013 that within the limits also
provided for adults, (i)UDS in children is reliable and
reproducible. Non-invasive tests as uroflowmetry are gradually achieving more evidence level, by constructing normative
values and more standardized performance of the tests.
Although it is plausible and considered useful to reduce filling
speed and catheter size in relation to patient size, the exact
values cannot be given and the influence of the transurethral
catheter size on voiding in children is unknown. The committee
has again (ICI2013) concluded that standards for pressure flow
analysis in children are lacking. ICI 2016 has also affirmed that
the specific demands of children, psychologically as well as
physically, are respected before iUDS is carried out as well as
during the testing and recommends specialized workers, units
and equipment to ensure this. ICI2016 recommends that noninvasive diagnostic tests should be preferred where possible,
iUDS should be done only if deemed useful by the results of
non-invasive procedures, when the outcome of iUDS can alter
management. Clinicians should take into account the effect of
the (apparent psychologically stressing) laboratory-situation
on the child's behavior and the implications for the results and
the representativeness of the tests. A publication of 2015 by the
International Children Continence Society provided expert
recommendations for the practice of iUDS27 also practice for
VUDS.28 The indications for UDS evaluation in children with
urinary incontinence (or LUTD) are usually, anatomical and/or
functional abnormalities and frequently neurological. In
children with relevant neurological lesions, UDS is done
regardless of (specific) symptoms, to discover conditions
causing upper urinary tract risk.

6.1 | Children with neurogenic lower urinary
tract dysfunction
6.1.1 | Myelodysplasia and occult spinal
dysraphism
iUDS is advised by the ICI2016 in all patients with MMC, on
a regular basis throughout the entire life from earliest
childhood (3 months), based on ample evidence. iUDS should
be considered, apart from routine, by a change of lower body
half function and/or clinical change of LUT or UUT function,
or when significant management changes have been started.
ICI2016 recommended again (ICI2013) that the advantages
and disadvantages of the addition of imaging to iUDS
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(videourodynamics) should be considered children with
MMC on an individual basis, for example, the likelihood
of new anatomical abnormalities.

6.1.2 | Spinal cord injury
The committee recommends that iUDS evaluation in children
with SCI is done not earlier than 6 weeks after injury, and that
follow up is scheduled on an individual basis.

6.1.3 | Cerebral palsy
Some studies have shown that clinically unexpected LUTD
can be present in children with cerebral palsy, especially
when voiding symptoms are present. Observation and noninvasive testing are helpful, but iUDS should be considered
when UTIs or UUT dilation occur.

6.1.4 | Anorectal malformation and sacral
agenesis
Diverse studies have shown that a significant proportion of
children with ARM has (primary-neuro-anatomical and/or
secondary-functional) dysfunction of the LUT and pelvic
floor. Clinicians should (grade C) consider iUDS in children
with anorectal malformation, imperforate anus, or sacral
agenesis when clinical signs of LUTD or when relevant
neurologic abnormalities (clinical and or on imaging) exist.
Around one third of children with ARM have MMC or
tethered spinal cord, with (iUDS demonstrable) and clinically
relevant NLUTD. Clinicians should also consider iUDS after
(surgery for) sacrococcygeal teratoma.29

6.2 | Children with anatomic abnormalities
and dysfunctions
6.2.1 | Bladder exstrophy
Once the exstrophied bladder is closed it may be difficult to
manage persistent UI, UUT dilation or VUR. UDS for
diagnosis and follow up are relevant, also to decide on
interventions to improve continence function and/or if
augmentation cystoplasty would be required.30,31,32 UDS
remain also helpful to evaluate LUT before (and after) further
surgical procedures and for research matters.33,34,35

6.2.2 | Posterior urethral valves
In the past iUDS had been essential to understand (functional)
outflow obstruction, LUT dysfunction, persistence of UI and UUT
(and renal) impairment evolution in boys with PUV.36,37 Also
with early valve ablation, gradual detrusor “decompensation” and/
or secondary BOO and finally DU or acontractility may be
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expected in a proportion of boys. It is reasonable to follow these
patients by non-invasive UDS exams and iUDS when clinical
progression is noted.38

6.2.3 | Vesicoureteral reflux
VUR may be a secondary phenomenon resulting from LUT
dysfunction, not (only) from a primary anatomic ureterovesical junction abnormality, in a significant proportion of
children39–41 and that for example, DO may lead to VUR in a
marginally competent ureterovesical junction mechanism.42,43 Many clinicians advocate UDS especially for
those patients that still have UI, renal damage, or when
surgical correction is considered.44,45

6.3 | Children with functional disorders of the
lower urinary tract
When assessing functional disorders involving the LUT in
children, one must take into account the dynamics of the
maturing nervous system and the LUT, including the normal
learning curve for pelvic floor muscle, bladder, and bowel
function, its abnormalities and the social and other positive and
negative influences. iUDS has a limited place in diurnal
incontinence, before age 5 or 6.46 Uroflowmetry with PVR
determination is the test of choice and results from
uroflowmetry (mL) should be compared with information
from the patient's frequency voiding charts. Persistent daytime
and night-time UI, resistant to conventional therapy may
require (V)UDS.47 It is generally not necessary to conduct
UDS for Mono-symptomatic Nocturnal Enuresis. The committee recommends bladder diary, uroflowmetry (with pelvic
floor EMG) and PVR assessment in all children with LUTS, UI
and with nocturnal enuresis resistant to first line therapy.48,49
The committee suggests to consider urological assessment in
children with chronic constipation and/or fecal incontinence.

7 | URODYNAMIC TESTING OF
FRAIL ELDERLY PERSONS WITH
URINARY INCONTINENCE
UI in the frail elderly commonly has diverse and multiple
coexisting factors. Retrospective single center cohort reports
confirm that aging, general health, mobility, medications, and
neurologic diseases all have effects on LUT function. ICI
2016 concludes again (ICI2013) that also in the frail elderly,
symptoms, and signs are unreliable to predict the type and
grade of LUT dysfunction. Especially, but not exclusively, as
an example, male elderly patients with central neurological
disease, can also have urologic disease (eg, prostatic BOO) as
a cause for UI or other LUTD.
Frail elderly with UI should be evaluated by a clinician
skilled in the care of those patients. All contributing factors
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are managed, before further urological diagnostics are
performed. ICI2016 recommended that (standard) UDS
should be offered to all elderly patients with signs and
symptoms or LUTD not responding to relevant initial
management regardless of the age and/or comorbidity if
specific invasive treatment is deemed appropriate and/or
possible. Every invasive procedure can cause harm but there
is no published evidence that iUDS cause significantly more
harm in the vulnerable elderly.
“Simple” bedside UDS (observing fluid level in a vertically
placed bladder-catheter tube) has an inherent unreliability that
very likely does not outweigh its “simplicity.” PVR measurement (by ultrasound) is, as earlier (ICI2013), recommended
before institution of pharmacological or surgical treatment of UI
and should be repeated to monitor the effect of such treatment.
Uroflowmetry should be used to screen for voiding abnormalities prior to invasive treatment in the elderly. If its inherent (but
unknown) unreliability is taken into account, simple cystometry
can be considered as a “screening test” for consideration of noninvasive low risk treatments, when a urethral or suprapubic
catheter is already present for management. ICI2016 recommends however offering iUDS to all elderly with due
consideration to any co-morbidity, who have not responded to
management of relevant contributing factors and/or behavioral
or pharmacological therapy and in whom further invasive
therapy is considered.

7.1 | Urinary urgency incontinence in frail
elderly patients
In non-systematic reviews it appears safe to pragmatically
initiate (oral) medical treatment for OAB-S in the frail
elderly.50–52 In frail elderly women, DO is reported to be the
commonest iUDS diagnosis in a large retrospective series of
symptomatically referred elderly women.53 On the other hand
cautiousness is needed because OAB-s may represent
ineffective emptying54 With regard to male elderly patients,
a total of 185 men who had persistent LUTS after TURP were
evaluated with VUDS in one single center study and only 9%
had normal function.55

7.2 | Stress urinary incontinence in frail male
elderly patients
UI in elderly men may be the consequence of ineffective
emptying and BOO, commonly referred to as overflow
urinary incontinence. “Pure” SUI is almost entirely confined
to patients after RRP but approximately 1% of geriatric
patients suffers from post prostatectomy (TURP) SUI. The
majority of SUI after RRP is caused by surgical damage and
not related to the aging. However with iUDS a (secondary)
reduced bladder compliance, de novo DO, and DU are
commonly observed and UDS may have a role in order to
establish appropriate treatment strategy.
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7.3 | Evidence that performing urodynamic
studies improves clinical outcomes in the
geriatric population
iUDS was not able to predict the outcome of SUI surgery in
older women in a single center uncontrolled cohort.56
Regarding the diagnostic evaluation of LUTS in older men,
an International Consultation on New Development in
Prostate Cancer and Prostate Diseases concluded that the
frequency/volume chart is recommended to exclude nocturnal
polyuria when nocturia is a bothersome symptom. The use of
(i)UDS and also transrectal ultrasound is especially relevant
when surgery is considered.57 DO or LUTD with or without
BOO are present in patients with Parkinson's disease.58

7.4 | Indications for urodynamic testing in the
elderly

observational study.64 iUDS is therefore recommended to
stage the LUT dysfunction in men with Parkinson's disease
with LUTD as specific (urological) treatment can improve the
LUT function and quality of life.58

7.5.2 | Other CNS disorders
Acute urinary retention and/or voiding difficulty are
frequently encountered signs of LUTD in stroke patients.
The majority of stroke patients (±60%) had remained able
to void spontaneously at rehabilitation admission. During
rehabilitation this percentage increased, partially because
iUDS had provided the arguments to remove the
indwelling catheter. At discharge ±20% of the patients
depended on intermittent or indwelling catheter or on
condom conduit.65

ICI2016 recommends PVR urine measurement before management of UI, either by life style adaption, with pharmacotherapy or
by SUI surgery. A consistently large PVR is a cause for caution,
and careful monitoring of bladder emptying is recommended.54,59
After intradetrusor BoNT-A injection for OAB-S, the chance of
large PVR volume (greater than 150 mL) was significantly higher
in the frail elderly group than in the non-frail elderly or younger
patient groups60 and ICI2016 recommends monitoring of PVR. A
normal uroflowmetry pattern without much PVR probably rules
out significant BOO or DU, but this finding is unusual in the
elderly. Uroflowmetry (with PVR measurement) may be a useful
screening tool prior to instituting therapy.61
After screening with uroflowmetry and PVR measurement, pressure-flow studies may be indicated in older men in
whom BOO cannot be ruled out otherwise. There is weak
evidence to suggest that prostatectomy may improve
continence if iUDS shows BOO in Parkinson's disease
patients.62 ICI2016 concluded that there seems little point in
performing surgery (prostatectomy) to alleviate the signs and
LUTS if BOO is equivocal or absent.

8 | CONCLUSION

7.5 | The urodynamic parameters important
in various geriatric conditions

CONFLICTS OF INTEREST

UDS can be of relevance to determine the most important cause
of the LUTS in the elderly, where central nervous system
disease is a prevalent comorbidity and where clinical signs and
symptoms of LUTD are regularly more difficult to obtain or to
isolate. Brain disorders such as stroke, Parkinson's disease and
white matter disease affect LUT function and likely for
example, the prevalence of OAB-S in the elderly population.63

7.5.1 | Parkinson's disease
The duration and severity of Parkinson's disease were
reported not to associate with iUDS results in a prospective
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Patients that are not satisfied with their initial management on
the basis of their reported signs and symptoms of urinary
incontinence, as well as patients with neurological abnormalities potentially relevant for the lower urinary tract, may very
likely profit from objective diagnosis and staging and grading
of their dysfunction, with urodynamic testing, regardless their
age, vulnerability, and/or comorbidities. This manuscript
presents an executive summary of the ICI2016 committees
most important recommendations for the use of urodynamic
investigations for patients with urinary incontinence.
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