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Abstract

Urodynamics is the study of the storage and evacuation of urine from the
urinary tract. The aim is to reproduce the patient’'s symptoms and provide a
pathophysiological explanation for them by identifying all factors that
contribute to the lower urinary tract dysfunction, including those that are
asymptomatic. Urodynamics consists of various tests, each of which is
designed to assess a different aspect of lower urinary tract function. There
is a lack of evidence regarding when urodynamics should be used in the
non-neurogenic bladder. Some small randomised controlled trials suggest
that urodynamics does not alter the outcome of surgery for stress urinary
incontinence when compared with office evaluation alone. However, this is
widely felt to be inaccurate and many health-care professionals still
advocate the use of urodynamics prior to any invasive treatment, especially
surgery on the lower urinary tract. There have been few technological
advances in urodynamics in recent years. Air-charged rather than fluid-filled
catheters were thought to help reduce artefact, but the evidence is unclear,
and there is doubt over their accuracy. Ambulatory urodynamics is carried
out over a longer period of time, enabling physiological bladder filling, but it
remains invasive and artificial. To attempt to replicate symptoms more
accurately, there have been efforts to develop wireless devices to measure
detrusor pressure directly. These may be promising but are far from
suitable in humans at present. Urodynamics continues to provide useful
information for assessing lower urinary tract function, but further large
studies are required to assess its value and develop innovations to improve
the accuracy of the tests and acceptability to patients.

Keywords
Urodynamics, Advances

Open Peer Review

Reviewer Status +" +"

Invited Reviewers
1 2

version 1 W v
15 Jun 2020

Faculty Reviews are written by members of the
prestigious Faculty Opinions Faculty. They are
commissioned and are peer reviewed before
publication to ensure that the final, published version
is comprehensive and accessible. The reviewers
who approved the final version are listed with their

names and affiliations.

1 Stefano Salvatore, Vita-Salute University and
IRCCS San Raffaele Hospital, Milan, Italy

o Gérard Amarenco, Tenon Hospital, Paris,

France

Any comments on the article can be found at the

end of the article.

Page 1 of 8


https://f1000research.com/browse/f1000-faculty-reviews
https://facultyopinions.com/prime/thefaculty/all
https://f1000research.com/articles/9-606/v1
https://f1000research.com/articles/9-606/v1
https://doi.org/10.12688/f1000research.24640.1
https://doi.org/10.12688/f1000research.24640.1
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.24640.1&domain=pdf&date_stamp=2020-06-15

FIOOOResearch F1000Research 2020, 9(F1000 Faculty Rev):606 Last updated: 15 JUN 2020

Corresponding author: Georgina Baines (g.baines1@nhs.net)

Author roles: Baines G: Project Administration, Writing — Original Draft Preparation, Writing — Review & Editing; Da Silva AS: Writing — Review &
Editing; Araklitis G: Writing — Review & Editing; Robinson D: Supervision, Writing — Review & Editing; Cardozo L: Conceptualization, Project
Administration, Supervision, Writing — Review & Editing

Competing interests: No competing interests were disclosed.
Grant information: The author(s) declared that no grants were involved in supporting this work.

Copyright: © 2020 Baines G et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

How to cite this article: Baines G, Da Silva AS, Araklitis G et al. Recent advances in urodynamics in women [version 1; peer review: 2
approved] F1000Research 2020, 9(F1000 Faculty Rev):606 https://doi.org/10.12688/f1000research.24640.1

First published: 15 Jun 2020, 9(F1000 Faculty Rev):606 https://doi.org/10.12688/f{1000research.24640.1

Page 2 of 8


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/f1000research.24640.1
https://doi.org/10.12688/f1000research.24640.1

Introduction

Urodynamics (UDS) is a range of diagnostic tests that are used
widely by urologists and gynaecologists to assess the function
of the lower urinary tract.

History

UDS was first described in the 1800s when interest in the
relationship between bladder pressure and urine flow began to
develop. The term ‘urodynamics’ was first used by Davis in
1953 to describe the function of the urinary tract'. Over time, it
was felt that an objective, scientific method of quantifying urinary
tract function was essential and Hodgkinson stated that ‘to
ignore this would be like treating a myocardial infarction
without an ECG’”. In 1970, Bates er al. described the bladder as
‘an unreliable witness’® and this was supported by work in the
’80s which showed a poor correlation between the symptoms
reported by patients and their urodynamic diagnoses**.

Aim of urodynamics

UDS is a collective term to describe investigations to assess
the ability of the bladder and urethra to store and expel urine’.
The aim is to reproduce the patient’s symptoms and provide
a pathophysiological explanation for them by identifying all
factors that contribute to lower urinary tract dysfunction
(LUTD), including those that are asymptomatic.

When a patient presents with LUTD, she should first have
a thorough history taken to include all co-morbidities and
medications. It is important to ascertain the level of function
of the patient, the impact that the LUTD has on her quality of
life and her expectations of treatment. An important component
of this is the bladder diary’. For this, the patient is required
to record fluid intake and output, urgency, and incontinence
episodes for three days. This can give the clinician an idea
of how to direct further investigations and what conservative
management may have the best effect. Alongside the bladder
diary, patient-reported outcomes can be standardised by using
validated questionnaires. The International Consultation on
Incontinence have developed 16 questionnaires that when carefully
selected can help characterise LUTD and also provide tools for
standardisation in reporting clinical trials’.

Every patient should undergo urine dipstick testing to rule out
urinary tract infection and identify any microscopic haematuria
that may require further investigation.

Physical examination is essential in ensuring that there are no
obvious anatomical abnormalities to explain LUTD; however,
there are no studies that support evidence that examination
alone can help in the classification of LUTD’. Particular features
to note on examination include any pelvic organ prolapse, vulvo-
vaginal atrophy or excoriation and scars from previous surgery.

UDS may be used following these initial steps to help clarify
a diagnosis, predict the consequences of treatments for LUTD
and evaluate when therapies have failed. It also provides an
objective and reproducible measurement for assessing the
impact of novel or experimental treatments’.
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What is urodynamics?

The term ‘urodynamics’ encompasses a range of investigations
that aim to characterise lower urinary tract function. Some or all
of the following components may be used to diagnose LUTD.

Uroflowometry

Uroflowometry refers to the non-invasive measurement of urine
flow rate. This is undertaken by asking the patient to void onto
a flow meter which generates a graph of volume voided against
time. From this, volume voided, peak flow rate and flow pattern
can be determined. Women normally void at a maximum flow rate
greater than 15 mL/sec for a volume voided greater than 150 mL,
although this decreases with increasing age. A low flow rate or an
intermittent flow may represent voiding dysfunction which can
be due to an underactive detrusor or outflow obstruction but the
two cannot be differentiated by measurement of a flow rate alone.

Filling cystometry

This part of UDS is an invasive test to determine the pressure
generated by the detrusor muscle. A pressure transducer is
inserted into the bladder (intra-vesical pressure) and another one
is inserted into the rectum or vagina to measure intra-abdominal
pressure. The detrusor pressure is calculated by subtracting the
intra-abdominal pressure from the intra-vesical pressure which is
displayed graphically.

The bladder is filled through a separate filling channel or
catheter with saline or radio-opaque dye (for videourodynamics).
This filling takes around 10 minutes and is therefore faster than
would occur physiologically. Throughout filling, the detrusor
pressure is monitored, and the patient is asked when she feels
the first sensation (normally 150-250 mL) of bladder filling
and a strong desire to void. The cystometric capacity can be deter-
mined as the point when the patient cannot tolerate further filling
(normally 400-600 mL). During filling, sensation, compliance
and spontaneous or provoked detrusor contractions are recorded.

Following filling, coughs can be used to determine whether uro-
dynamic stress incontinence (USI) is present (leakage of urine in
the absence of a detrusor contraction), and various techniques such
as placing the patient’s hands in cold water to provoke uninhibited
detrusor contractions can also be used.

Throughout filling cystometry, detrusor pressure should remain
low (less than 15 cm H,0 to a volume of 500 mL). Any increase
in the detrusor pressure above this, representing spontaneous,
uninhibited detrusor contractions, are considered pathological and
leads to a diagnosis of detrusor overactivity (DO).

Voiding cystometry

This gives an insight into the mechanics of micturition. The patient
is given permission to void onto a flow meter with the pressure
catheters in situ so the relationship between pressure and flow
can be calculated. This study is particularly useful in diagnosing
the causes of voiding dysfunction, such as urethral stricture (high
detrusor pressure and low flow rate) or an underactive detrusor (low
detrusor pressure, low flow rate, and increase in abdominal pres-
sure used to void). An important aspect of voiding cystometry is
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measurement of the urinary residual immediately post-void
by in-out catheterisation (normally less than 100 mL).

Urethral pressure profilometry

This test measures the pressure in the urethra relative to the
bladder. It is assumed that the increase in urethral pressure is
generated by the resting tone of the urethral sphincter. It is
demonstrated by slowly withdrawing a pressure transducer
through the urethra and observing the changes in pressure along
its length. The maximum pressure elicited is presumed to be
the closing pressure of the urethra. A low value should not be
used to diagnose stress urinary incontinence (SUI) since it
correlates poorly with severity of symptoms®.

We use two transducers 6 cm apart in order to subtract bladder
pressure from urethral pressure. Urethral pressure profilometry
can also be carried out by using water-perfused catheters.

Videourodynamics

This is a specialised version of cystometry by combining it with
visualisation of the lower urinary tract. The bladder is filled
with radio-opaque dye instead of saline, which enables
bladder morphology to be determined during the test by
radiological imaging. This is particularly useful in the diagno-
sis of diverticula, fistulae, and ureteric reflux and in patients with
neurological and complex disorders.

Ambulatory urodynamics

This test is based on the same principles as traditional UDS
but relies on physiological bladder filling. It takes much
longer for the patient to reach cystometric capacity and allows
time for the patient to ambulate and recreate situations when she
suffers from incontinence. This may detect abnormal findings
(especially DO) more than standard UDS, but the clinical
significance is unclear”".

A working group was set up in 2002 by the International Conti-
nence Society (ICS) to set standards for UDS equipment and
technique for the purpose of ensuring that tests are accurate and
reproducible across different units. The most recent document
was published in 2017 (see also 12,13).

Indication for urodynamics

UDS has traditionally been used to obtain an objective diagno-
sis for a subjective condition with the aim of tailoring treatment
most effectively. There are a number of guidelines pertaining
to the indication for UDS:

The ICS advises UDS in patients with symptoms (particularly
incontinence) that have both stress and urgency characteristics
or include nocturnal enuresis. It is also indicated in patients who
present with persisting symptoms despite initial management
or who express the wish for more invasive/irreversible treatment’.

The European Association of Urology guidelines recommend
UDS if the findings may influence the choice of invasive treat-
ment; it also recommends that UDS not be routinely offered for
uncomplicated incontinence or prior to treatment of pure SUIL
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National Institute for Health and Care Excellence (NICE)
guidelines advise that UDS should not be undertaken prior to
primary SUI surgery if the main symptom is SUI or stress-
predominant mixed incontinence. However, it is advised that
they be performed prior to surgery if urgency is the predominant
symptom or there is any voiding dysfunction, previous surgery
for SUI or apical/anterior compartment vaginal prolapse'*.

It is clear that UDS should be used when the diagnosis is
unclear or invasive treatments are planned; however, the value
of UDS in women presenting with pure SUI has been debated
in the literature and is contentious.

A study of women undergoing UDS showed that 78% of
women presenting with a history of pure SUI had this confirmed
on UDS". The authors felt that, in the absence of urodynamic
investigation, 22% of these women would be over-treated'.
These data were supported by an Italian study of women
undergoing UDS prior to SUI surgery'®. The results of the
UDS changed the management in 19% of cases because of
re-classification of the type of incontinence'. Another Italian
study performed UDS in a group of women with pure SUI'". In
that group, 74% demonstrated pure USI and went on to have
surgery; 91.6% reported their symptoms as ‘cured’. The rest of
the patients who demonstrated pure DO, mixed DO and USI
or inconclusive findings were managed with anti-muscarinics,
and the cure rate was 49.2%; 19% went on to have surgery for
SUI'". This trial implies that a UDS diagnosis of USI is a
good way of predicting which patients will benefit from
more invasive treatment in the form of surgery and those who
will be managed well with medication.

Two important trials helped shape the guidelines regarding
pre-operative UDS in pure SUI. The first was the Value of
Urodynamic Evaluation (ValUE) trial. In this trial, 630 women
with a history of ‘uncomplicated SUI” were randomly assigned to
pre-operative UDS or surgery alone following office evaluation.
The investigators found that pre-operative UDS increased the
clinician’s confidence in their diagnosis but did not alter the
treatment success (patient-reported outcomes). Interestingly,
women undergoing UDS were less likely to receive a diagnosis of
overactive bladder and more likely to receive a diagnosis of
voiding phase dysfunction. The authors concluded that office
evaluation alone was non-inferior to UDS in the pre-operative
assessment of SUT™.

The Dutch study is called the Value of Urodynamics prior to
Stress Incontinence Surgery (VUSIS I and II) were multi-centre,
non-inferiority trial. The second consisted of two studies
carried out in the Netherlands; VUSIS I and II. These were both
multi-centre, non-inferiority trials'’. They confirmed the findings
that empirical treatment of pure SUI is non-inferior to pre-
operative UDS".

A 2015 meta-analysis identified only four randomised con-
trolled trials (RCTs) and concluded that pre-operative UDS in
women with pure SUI or stress-predominant mixed incontinence
did not improve objective or subjective outcomes”’.
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It is unclear how this evidence has shaped clinical practice.
A survey of Dutch gynaecologists and urologists revealed
that only 7% of clinicians now perform UDS in this group of
patients whereas 37% did so previously”'.

There is growing concern that this decrease in use of UDS is
unjustified. Critics of this change in practice feel that the RCTs
were flawed. The studies were too small (in particular, VUSIS,
where n = 109) and included only women with SUI when it
is known that the proportion of women presenting with this
is low. There are concerns that UDS were not standardised
across sites and their interpretation was unclear and subjective.
Voiding dysfunction was shown to be a significant diagnosis
in the UDS group, which otherwise may be undiagnosed and
could present with complications in the future®.

The guidelines described apply to the non-neurogenic bladder,
and it should be noted that in patients who have an underlying
neurological diagnosis, UDS is essential to help guide treatment
and advise on prognosis.

Whilst there is ongoing debate regarding the clinical value of
UDS, the mechanics of the test have had few innovations in
recent years.

The ICS used an evidence-based strategy to develop a guide
for good urodynamic practices''. These are regularly updated
to incorporate any modernisation in technique or equipment. A
challenge in the practice of UDS is to maintain the accuracy and
fidelity of the test by ensuring that pressure changes can be
recorded and interpreted correctly and attempts have been made to
improve this.

Types of pressure transducers

The ICS has defined the standard catheter used during UDS
as a water-filled catheter with an external pressure transducer.
In the 1970s, air-charged catheters (ACCs) were suggested as
a way of reducing artefact due to patient movement™.

A review of the available evidence for air-filled catheters found
that there was a significant difference between pressures recorded
by the different types of catheters and that the cause for this is
unclear”. One laboratory-based study suggested that bladder
pressure changes were reported in very different ways by the
different types of catheter”. Water-filled systems are vulnerable
to excessive artefact, but ACCs can ‘over-attenuate’ artefact
and cancel signals that are high-frequency”. Only two in vivo
studies were identified. One reported that differences of up to
10 cm H,O were found between the different systems and
advised that if ACCs are to be used, normal resting pressures
will have to be re-established”. Another clinical study confirmed
that ACCs gave readings that were significantly different from
those of water-based systems”’.

There is not sufficient evidence to recommend the use of
ACCs for the measurement of pressures during UDS in women,
but ACCs may be useful in reducing artefacts which make traces
more difficult to interpret. Further work is required to establish
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the accuracy of this technology and its application in clinical
practice.

An alternative pressure sensor is one that sits on the tip of the
catheter. The advantage of this system is that no water flushing
of the tubes is required, the patient is connected by wires
rather than water and movement artefact is reduced. As opposed
to water-filled systems that are cheap and disposable, these
catheters are relatively fragile and require cleaning after each
patient. There are few studies comparing water-based and
catheter tip—mounted transducers but those that exist show that
there may be poor correlation between readings from different
transducer types but that reproducibility with an individual system
is high”**.

Where possible, water-filled catheters should be used for trans-
ducing intra-vesical and -abdominal pressures in line with
ICS guidance. Other measuring systems may have advantages
in eliminating movement artefact and the need for flushing
(which may be uncomfortable to the patient). If alternative
systems are used, repeated measurements should be made on
the same equipment to ensure reproducibility of the results.

Technological advances

In other areas of medicine and technology, devices are getting
smaller, battery-operated, and less invasive. This may prove
particularly useful in avoiding catheterisation in UDS since
around 50% of patients undergoing UDS for the first time find

catheterisation physically or emotionally uncomfortable™.

There are efforts to develop less invasive methods of UDS with
the aim of making a quicker or cheaper test or one that more
closely reflects normal life’'.

Hydration studies looking at changing patterns of bladder sensa-
tion may provide insights into overactive bladder symptoms®.
Some more novel and less invasive methods of assessing bladder
function include shear wave elastography®, acoustic radiation
force impulse imaging™, ultrasound vibrometry,” and ultrasound
bladder shape analysis™.

A number of wireless devices (none approved for clinical use)
that do not involve continuous catheterisation have been reported.
These are implanted using the urethral or supra-pubic route
into the bladder, into the detrusor, or across the detrusor’’. They
enable the subject to ambulate and achieve physiological
bladder filling without the artificial sensation of a catheter.
Bioabsorbable technology can be incorporated to avoid the need
for removal’®.

Whilst in theory this is promising, the invasive nature of
the insertion of the devices may prevent them from being
adopted in humans. Further research is needed to optimise mini-
mally invasive devices, focussing on accuracy of measurements
and acceptability to patients®’.

A recent study looked at using 2% lidocaine gel compared
with a water-based lubricant for catheterisation showed a
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significant reduction in pain score during the procedure®. Whilst
the use of lidocaine gel may make catheterisation less painful,
the study did not look at any effects on urodynamic parameters.
Another study showed that 4% lidocaine instilled urethrally
decreased flow rate (but not pain scores), implying a sensory
role of the urethra in voiding”. Therefore, we would caution
against the use of local anaesthetic gel at the time of UDS
unless necessary.

Another problem in ambulatory UDS is calculation of bladder
volume. In conventional UDS, bladder volume can be estimated
fairly accurately by the instilled volume because additional
physiological diuresis will be small over a short space of time.
In ambulatory UDS, the test relies on physiological filling.
Ultrasonography (USS) has been shown to be an effective and
non-invasive way of calculating bladder volume, and mod-
ern devices are becoming smaller and more mobile''. The main
disadvantage of this technique is that the devices require a high
power consumption and therefore a non-mobile power source’’.

Near-infrared spectroscopy and bioimpedance are both non-
invasive ways of estimating the change in bladder volume. They
rely on the fact that the optical (infra-red spectroscopy) and
electrical conductance (bioimpedance) properties of the pelvis
are constant and that any changes are due to filling or emptying
of the bladder”*. Whilst both of these techniques are non-
invasive and mobile, both have a low specificity and so may
not be clinically useful at present’’.

Research in urodynamics

In 2018, a think tank at the International Consultation on Incon-
tinence Research Society acknowledged that there was a need
for standardisation in research into UDS. This was following
the growing concern of a lack of regulation in the introduction
of surgical and diagnostic techniques. This is most evident
when compared with the introduction of new pharmaceuticals
which undergo rigorous testing before becoming widely
available*’. The ‘IDEAL’ model was proposed to standardise the
introduction of new surgical techniques. It involves a series of
steps: innovation, development, exploration, assessment, and
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long-term study. The think tank reported that this approach should
be adopted for UDS, meaning that any innovations should be
tested in the laboratory before clinical trials or use in patients®.

Further assessment of the lower urinary tract

We should be mindful that UDS assesses only the function
of the lower urinary tract. It does not replace other imaging
modalities. Direct visualisation of the urinary tract with rigid or
flexible cystoscopy is essential if any lower urinary tract malig-
nancy is suspected. Cystoscopy can add to information gained
from videourodynamics regarding anatomical abnormalities such
as fistulae or diverticula.

Because of its low cost and safety to patients, USS is
considered the ‘gold standard’ for imaging of the upper urinary
tract. If USS is non-diagnostic, computed tomography (CT) or
magnetic resonance imaging can be used to further delineate
the urinary tract; however, the nephrotoxicity of contrast and
electromagnetic radiation (for CT) should be considered before
employing these modalities.

Conclusions

UDS represents a range of investigations widely used across
urology and gynaecology. It has an important role in managing
patients with complicated urinary incontinence, failed previous
surgery or an underlying neurological diagnosis. Its use prior
to SUI surgery is unclear. A small number of RCTs support the
fact that office evaluation alone is non-inferior to UDS, but there
is a professional consensus that this may not be true. This area is
in need of well-designed RCTs to give us more robust evidence
to ensure that patients receive all necessary investigations
without excessive intervention.

Invasive UDS should be carefully considered regarding benefits
versus risks before being undertaken. Future work should
look into non-invasive methods of measuring changes in bladder
pressure and lower urinary tract function, emphasising the need
for accuracy and reproducibility alongside being acceptable
to the patient.

Faculty Opinions Recommended

1. Davis DM: The hydrodynamics of the upper urinary tract (urodynamics). Ann
Surg. 1954; 140(6): 839-49.
PubMed Abstract | Publisher Full Text | Free Full Text

2. Hodgkinson CP: Stress urinary incontinence— 1970. Am J Obstet Gynecol. 1970;
108(7): 1141-68.
PubMed Abstract | Publisher Full Text

3. Bates CP, Whiteside CG, Turner-Warwick R: Synchronous cine-pressure-flow-
cysto-urethrography with special reference to stress and urge incontinence.
BrJ Urol. 1970; 42(6): 714-23.
PubMed Abstract | Publisher Full Text

4. Powell PH, Shepherd AM, Lewis P: The accuracy of clinical diagnoses assessed
urodynamically. Prog Clin Biol Res. 1981; 78: 201-3.
PubMed Abstract

5. Cardozo LD, Stanton SL: Genuine stress incontinence and detrusor instability--
a review of 200 patients. Br J Obstet Gynaecol. 1980; 87(3): 184-90.
PubMed Abstract | Publisher Full Text

6. Hosker G: Special investigations for female incontinence. Women’s Health
Medicine. 2005.

7. Abrams P, Cardozo L, Wagg A, et al.: Incontinence 6th Edition (2017). 2017.

8. Schick E, Dupont C, Bertrand PE, et al.: Predictive value of maximum urethral
closure pressure, urethral hypermobility and urethral incompetence in the
diagnosis of clinically significant female genuine stress incontinence. J Urol.
2004; 171(5): 1871-5.

PubMed Abstract | Publisher Full Text

9. Dokmeci F, Seval M, Gok H: Comparison of ambulatory versus conventional
urodynamics in females with urinary incontinence. Neurourol Urodyn. 2010;
29(4): 518-21.

PubMed Abstract | Publisher Full Text

10. Radley SC, Rosario DJ, Chapple CR, et al.: Conventional and ambulatory
urodynamic findings in women with symptoms suggestive of bladder
overactivity. J Urol. 2001; 166(6): 2253—-8.

PubMed Abstract

Page 6 of 8


http://www.ncbi.nlm.nih.gov/pubmed/13208138
http://dx.doi.org/10.1097/00000658-195412000-00008
http://www.ncbi.nlm.nih.gov/pmc/articles/1609699
http://www.ncbi.nlm.nih.gov/pubmed/4920964
http://dx.doi.org/10.1016/0002-9378(70)90467-9
http://www.ncbi.nlm.nih.gov/pubmed/5491923
http://dx.doi.org/10.1111/j.1464-410x.1970.tb06796.x
http://www.ncbi.nlm.nih.gov/pubmed/7335738
http://www.ncbi.nlm.nih.gov/pubmed/7387918
http://dx.doi.org/10.1111/j.1471-0528.1980.tb04515.x
http://www.ncbi.nlm.nih.gov/pubmed/15076296
http://dx.doi.org/10.1097/01.ju.0000120224.67012.39
http://www.ncbi.nlm.nih.gov/pubmed/19731314
http://dx.doi.org/10.1002/nau.20821
http://www.ncbi.nlm.nih.gov/pubmed/11696746

20.

21.

22.

28.

24.

25.

26.

27.

28.

Rosier PFWM, Schaefer W, Lose G, et al.: International Continence Society
Good Urodynamic Practices and Terms 2016: Urodynamics, uroflowmetry,
cystometry, and pressure-flow study. Neurourol Urodyn. 2017; 36(5): 1243-60.
PubMed Abstract | Publisher Full Text

Gammie A, Drake MJ: The fundamentals of uroflowmetry practice,
based on International Continence Society good urodynamic practices
recommendations. Neurourol Urodyn. 2018; 37(S6): S44—S49.

PubMed Abstract | Publisher Full Text

Drake MJ, Doumouchtsis SK, Hashim H, et al.: Fundamentals of urodynamic
practice, based on International Continence Society good urodynamic
practices recommendations. Neurourol Urodyn. 2018; 37(S6): S50-S60.

PubMed Abstract | Publisher Full Text

NICE Guidance - Urinary incontinence and pelvic organ prolapse in women:
Management: © NICE (2019) Urinary incontinence and pelvic organ prolapse in
women: management. BJU Int. 2019; 123(5): 777-803.

PubMed Abstract | Publisher Full Text

Digesu GA, Hendricken C, Fernando R, et al.: Do Women With Pure Stress
Urinary Incontinence Need Urodynamics? Urology. 2009; 74(2): 278-81.
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

E Serati M, Topazio L, Bogani G, et al.: Urodynamics useless before surgery
for female stress urinary incontinence: Are you sure? Results from a
multicenter single nation database. Neurourol Urodyn. 2016; 35(7): 809—12.
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Serati M, Cattoni E, Siesto G, et al.: Urodynamic evaluation: Can it prevent
the need for surgical intervention in women with apparent pure stress urinary
incontinence? BJU Int. 2013; 112(4): E344-50.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Nager CW, Brubaker L, Litman HJ, et al.: A Randomized Trial of Urodynamic
Testing before Stress-Incontinence Surgery. N Engl J Med. 2012; 366(21):
1987-97.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

van Leijsen SAL, Kluivers KB, Mol BWJ, et al.: Can preoperative urodynamic
investigation be omitted in women with stress urinary incontinence?: A non-
inferiority randomized controlled trial. Neurourol Urodyn. 2012; 31(7): 1118-23.
PubMed Abstract | Publisher Full Text

Rachaneni S, Latthe P: Does preoperative urodynamics improve outcomes for
women undergoing surgery for stress urinary incontinence? A systematic
review and meta-analysis. BJOG. 2015; 122(1): 8-16.

PubMed Abstract | Publisher Full Text

Mengerink BB, Nelen WLDM, van Leijsen SAL, et al.: De-implementation
of urodynamics in The Netherlands after the VALUE/VUSIS-2 results: A
nationwide survey. Int Urogynecol J. 2018; 29(9): 1261-77.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Finazzi-Agro E, Gammie A, Kessler TM, et al.: Urodynamics Useless in
Female Stress Urinary Incontinence? Time for Some Sense-A European Expert
Consensus. Eur Urol Focus. 2020; 6(1): 137-45.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

James ED: The Behaviour of the Bladder During Physical Activity. Br J Urol.
1978; 50(6): 387-94.
PubMed Abstract | Publisher Full Text

E Abrams P, Damaser MS, Niblett P, et al.: Air filled, including “air-charged,”
catheters in urodynamic studies: Does the evidence justify their use?
Neurourol Urodyn. 2017; 36(5): 1234—42.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Cooper MA, Fletter PC, Zaszczurynski PJ, et al.: Comparison of air-charged and
water-filled urodynamic pressure measurement catheters. Neurourol Urodyn.
2011; 30(3): 329-34.

PubMed Abstract | Publisher Full Text

Gammie A, Abrams P, Bevan W, et al.: Simultaneous in vivo comparison of
water-filled and air-filled pressure measurement catheters: Implications for
good urodynamic practice. Neurourol Urodyn. 2016; 35(8): 926-33.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Digesu GA, Derpapas A, Robshaw P, et al.: Are the measurements of water-filled
and air-charged catheters the same in urodynamics? Int Urogynecol J. 2014;
25(1): 123-30.

PubMed Abstract | Publisher Full Text

Hundley AF, Visco AG: Comparison of measurements obtained with microtip
and external water pressure transducers. Int Urogynecol J Pelvic Floor Dysfunct.
2004; 15(4): 276-80.

PubMed Abstract | Publisher Full Text

F1000Research 2020, 9(F1000 Faculty Rev):606 Last updated: 15 JUN 2020

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Hundley AF, Brown MB, Brubaker L, et al.: A multicentered comparison
of measurements obtained with microtip and external water pressure
transducers. Int Urogynecol J. 2006; 17(4): 400-6.

Publisher Full Text

Suskind AM, Clemens JQ, Kaufman SR, et al.: Patient perceptions of physical
and emotional discomfort related to urodynamic testing: A questionnaire-
based study in men and women with and without neurologic conditions.
Urology. 2015; 85(3): 547-51.

PubMed Abstract | Publisher Full Text | Free Full Text

E Gammie A, Speich JE, Damaser MS, et al.: What developments are needed
to achieve | i ive urodyr ?: ICI-RS 2019. Neurourol Urodyn. 2020;
38:S14.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Naimi HA, Nagle AS, Vinod NN, et al.: An innovative, non-invasive sensation
meter allows for a more comprehensive understanding of bladder sensation
events: A prospective study in participants with normal bladder function.
Neurourol Urodyn. 2019; 38(1): 208-14.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Sturm RM, Yerkes EB, Nicholas JL, et al.: Ultrasound Shear Wave
Elastography: A Novel Method to Evaluate Bladder Pressure. J Urol. 2017;
198(2): 422-9.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Qian M, Su C, Jiang D, et al.: Application of Acoustic Radiation Force
Impulse Imaging for Diagnosis of Female Bladder Neck Obstruction. J
Ultrasound Med. 2016; 35(6): 1233-9.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Bayat M, Kumar V, Denis M, et al.: Correlation of ultrasound bladder
vibrometry assessment of bladder compliance with urodynamic study results.
PL0S One. 2017; 12(6): e0179598.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Glass Clark S, Nagle AS, Bernardo R, et al.: Use of Ultrasound Urodynamics
to Identify Differences in Bladder Shape Between Individuals With and Without
Overactive Bladder. Female Pelvic Med Reconstr Surg. 2018.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Abelson B, Majerus S, Sun D, et al.: Ambulatory urodynamic monitoring:
State of the art and future directions. Nat Rev Urol. 2019; 16(5): 291-301.
PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

E Shin J, Yan Y, Bai W, et al.: Bioresorbable pressure sensors protected with
thermally grown silicon dioxide for the monitoring of chronic diseases and
healing processes. Nat Biomed Eng. 2019; 3(1): 37—46.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Ozel BZ, Sun V, Pahwa A, et al.: Randomized controlled trial of 2%
lidocaine gel versus water-based lubricant for multi-channel urodynamics. Int
Urogynecol J. 2018; 29(9): 1297-302.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

McKee DC, Gonzalez EJ, Amundsen CL, et al.: Randomized Controlled
Trial to Assess the Impact of High Concentration Intraurethral Lidocaine on
Urodynamic Voiding Parameters. Urology. 2019; 133: 72-7.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Kristiansen NK, Djurhuus JC, Nygaard H: Design and evaluation of an
ultrasound-based bladder volume monitor. Med Biol Eng Comput. 2004; 42(6):
762-9.

PubMed Abstract | Publisher Full Text

Schlebusch T, Nienke S, Leonhardt S, et al.: Bladder volume ion from
electrical impedance tomography. Physiol Meas. 2014; 35(9): 1813-23.
PubMed Abstract | Publisher Full Text

Molavi B, Shadgan B, Macnab AJ, et al.: Noninvasive Optical Monitoring of
Bladder Filling to Capacity Using a Wireless Near Infrared Spectroscopy
Device. |[EEE Trans Biomed Circuits Syst. 2014; 8(3): 325-33.

PubMed Abstract | Publisher Full Text

Barkun JS, Aronson JK, Feldman LS, et al.: Evaluation and stages of surgical

innovations. Lancet. 2009; 374(9695): 1089-96.
PubMed Abstract | Publisher Full Text

Harding C, Rosier PFWM, Drake MJ, et al.: What research is needed to
validate new urodynamic methods? ICI-RS2017. Neurourol Urodyn. 2018;
37(S4): $32-S37.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Page 7 of 8


http://www.ncbi.nlm.nih.gov/pubmed/27917521
http://dx.doi.org/10.1002/nau.23124
http://www.ncbi.nlm.nih.gov/pubmed/30614059
http://dx.doi.org/10.1002/nau.23777
http://www.ncbi.nlm.nih.gov/pubmed/30614058
http://dx.doi.org/10.1002/nau.23773
http://www.ncbi.nlm.nih.gov/pubmed/31008559
http://dx.doi.org/10.1111/bju.14763
https://facultyopinions.com/prime/1164590
http://www.ncbi.nlm.nih.gov/pubmed/19515404
http://dx.doi.org/10.1016/j.urology.2009.01.089
https://facultyopinions.com/prime/1164590
https://facultyopinions.com/prime/725547627
http://www.ncbi.nlm.nih.gov/pubmed/26061435
http://dx.doi.org/10.1002/nau.22804
https://facultyopinions.com/prime/725547627
https://facultyopinions.com/prime/717980921
http://www.ncbi.nlm.nih.gov/pubmed/23421421
http://dx.doi.org/10.1111/bju.12007
https://facultyopinions.com/prime/717980921
https://facultyopinions.com/prime/715347817
http://www.ncbi.nlm.nih.gov/pubmed/22551104
http://dx.doi.org/10.1056/NEJMoa1113595
http://www.ncbi.nlm.nih.gov/pmc/articles/3386296
https://facultyopinions.com/prime/715347817
https://facultyopinions.com/prime/715347817
http://www.ncbi.nlm.nih.gov/pubmed/22488817
http://dx.doi.org/10.1002/nau.22230
http://www.ncbi.nlm.nih.gov/pubmed/25041381
http://dx.doi.org/10.1111/1471-0528.12954
https://facultyopinions.com/prime/733085919
http://www.ncbi.nlm.nih.gov/pubmed/29679158
http://dx.doi.org/10.1007/s00192-018-3648-9
http://www.ncbi.nlm.nih.gov/pmc/articles/6132705
https://facultyopinions.com/prime/733085919
https://facultyopinions.com/prime/733085919
https://facultyopinions.com/prime/733810176
http://www.ncbi.nlm.nih.gov/pubmed/30061075
http://dx.doi.org/10.1016/j.euf.2018.07.031
https://facultyopinions.com/prime/733810176
http://www.ncbi.nlm.nih.gov/pubmed/709061
http://dx.doi.org/10.1111/j.1464-410x.1978.tb04216.x
https://facultyopinions.com/prime/726698882
http://www.ncbi.nlm.nih.gov/pubmed/27580083
http://dx.doi.org/10.1002/nau.23108
https://facultyopinions.com/prime/726698882
http://www.ncbi.nlm.nih.gov/pubmed/21305591
http://dx.doi.org/10.1002/nau.20991
https://facultyopinions.com/prime/725703260
http://www.ncbi.nlm.nih.gov/pubmed/26250500
http://dx.doi.org/10.1002/nau.22827
https://facultyopinions.com/prime/725703260
http://www.ncbi.nlm.nih.gov/pubmed/23903819
http://dx.doi.org/10.1007/s00192-013-2182-z
http://www.ncbi.nlm.nih.gov/pubmed/15517674
http://dx.doi.org/10.1007/s00192-004-1157-5
http://dx.doi.org/10.1007/s00192-005-0027-0
http://www.ncbi.nlm.nih.gov/pubmed/25733264
http://dx.doi.org/10.1016/j.urology.2014.11.001
http://www.ncbi.nlm.nih.gov/pmc/articles/4349219
https://facultyopinions.com/prime/737325061
http://www.ncbi.nlm.nih.gov/pubmed/32022941
http://dx.doi.org/10.1002/nau.24300
https://facultyopinions.com/prime/737325061
https://facultyopinions.com/prime/734217349
http://www.ncbi.nlm.nih.gov/pubmed/30311679
http://dx.doi.org/10.1002/nau.23831
http://www.ncbi.nlm.nih.gov/pmc/articles/6538415
https://facultyopinions.com/prime/734217349
https://facultyopinions.com/prime/734217349
https://facultyopinions.com/prime/727471379
http://www.ncbi.nlm.nih.gov/pubmed/28366710
http://dx.doi.org/10.1016/j.juro.2017.03.127
https://facultyopinions.com/prime/727471379
https://facultyopinions.com/prime/728624507
http://www.ncbi.nlm.nih.gov/pubmed/27162282
http://dx.doi.org/10.7863/ultra.15.05019
https://facultyopinions.com/prime/728624507
https://facultyopinions.com/prime/727721916
http://www.ncbi.nlm.nih.gov/pubmed/28622388
http://dx.doi.org/10.1371/journal.pone.0179598
http://www.ncbi.nlm.nih.gov/pmc/articles/5473568
https://facultyopinions.com/prime/727721916
https://facultyopinions.com/prime/727721916
https://facultyopinions.com/prime/734085861
http://www.ncbi.nlm.nih.gov/pubmed/30256268
http://dx.doi.org/10.1097/SPV.0000000000000638
http://www.ncbi.nlm.nih.gov/pmc/articles/6538469
https://facultyopinions.com/prime/734085861
https://facultyopinions.com/prime/734085861
https://facultyopinions.com/prime/735448088
http://www.ncbi.nlm.nih.gov/pubmed/30936468
http://dx.doi.org/10.1038/s41585-019-0175-5
http://www.ncbi.nlm.nih.gov/pmc/articles/6946055
https://facultyopinions.com/prime/735448088
https://facultyopinions.com/prime/735448088
https://facultyopinions.com/prime/734714368
http://www.ncbi.nlm.nih.gov/pubmed/30932064
http://dx.doi.org/10.1038/s41551-018-0300-4
https://facultyopinions.com/prime/734714368
https://facultyopinions.com/prime/732705555
http://www.ncbi.nlm.nih.gov/pubmed/29455237
http://dx.doi.org/10.1007/s00192-018-3576-8
https://facultyopinions.com/prime/732705555
https://facultyopinions.com/prime/736515166
http://www.ncbi.nlm.nih.gov/pubmed/31465791
http://dx.doi.org/10.1016/j.urology.2019.08.020
http://www.ncbi.nlm.nih.gov/pmc/articles/6842692
https://facultyopinions.com/prime/736515166
https://facultyopinions.com/prime/736515166
http://www.ncbi.nlm.nih.gov/pubmed/15587467
http://dx.doi.org/10.1007/BF02345209
http://www.ncbi.nlm.nih.gov/pubmed/25139037
http://dx.doi.org/10.1088/0967-3334/35/9/1813
http://www.ncbi.nlm.nih.gov/pubmed/23963258
http://dx.doi.org/10.1109/TBCAS.2013.2272013
http://www.ncbi.nlm.nih.gov/pubmed/19782874
http://dx.doi.org/10.1016/S0140-6736(09)61083-7
https://facultyopinions.com/prime/738070606
http://www.ncbi.nlm.nih.gov/pubmed/30133795
http://dx.doi.org/10.1002/nau.23561
https://facultyopinions.com/prime/738070606

FIOOOResearch F1000Research 2020, 9(F1000 Faculty Rev):606 Last updated: 15 JUN 2020

Open Peer Review

Current Peer Review Status: ¥

Editorial Note on the Review Process

Faculty Reviews are written by members of the prestigious Faculty Opinions Faculty. They are commissioned and
are peer reviewed before publication to ensure that the final, published version is comprehensive and accessible.
The reviewers who approved the final version are listed with their names and affiliations.

The reviewers who approved this article are:

1 Gérard Amarenco
Department of Neuro-urology, Tenon Hospital, Paris, France
Competing Interests: No competing interests were disclosed.
o Stefano Salvatore
Obstetrics and Gynecology Unit, Vita-Salute University and IRCCS San Raffaele Hospital, Milan, Italy
Competing Interests: No competing interests were disclosed.

The benefits of publishing with F1000Research:

®  Your article is published within days, with no editorial bias

®  Youcan publish traditional articles, null/negative results, case reports, data notes and more
®  The peer review process is transparent and collaborative

®  Your article is indexed in PubMed after passing peer review

® Dedicated customer support at every stage

For pre-submission enquiries, contact research@f1000.com F]m Resea rCh

Page 8 of 8


https://f1000research.com/browse/f1000-faculty-reviews
http://f1000.com/prime/thefaculty

