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INTRODUCTION

In recent years the role of urodynamics in the assessment
of lower urinary tract dysfunctions has become con-
tentious.1,2 Urodynamics is not an esoteric concept of limit-
ed applicability to be confined to the “ivory towers“.
Urodynamics may be questioned, but its basic principles
are simple and in most cases it doesn’t need complex men-
tal efforts. However, some recent reports indicated that
most of the time the personel carrying out urodynamics
have little understanding of what the recordings mean.3,4

The need of developing a urodynamics curriculum for urol-
ogy residents has been recently addressed by some publica-
tions.5,6 Indeed, in the Author’s experience, there are in-
stances of recordings still being sent to the equipment man-
ufacturer for their interpretation! In cardiology the automat-
ic interpretation of ECG is in use by at least 40 years and
most of the electrocardiographs in current use are equipped
with a diagnostic software with significant advantages for
doctors and/or technicians who deal with more than hun-
dred ECG tracings every day.7,8,9 A urodynamic diagnostic
software may be a useful tool to the beginners or where a
doctor is not easily available, a situation quite common in a
urodynamic lab. Furthermore, even among experts, inter-
pretation of the tests is not always straightforward, result-
ing in a high intra- and inter-interpreter variability. The
rigid criteria of the diagnostic algorithms should reduce the
subjective interpretation of the tracings thereby reducing
the inter-observer and intra-observer variability. 

MATERIALS AND METHODS

The UDS ASSISTANT diagnostic software, developed
by the second Author, is a Windows based program de-
signed in Borland Delphi. The system acts as a black board
in the sense that when faced with input data it gives an an-
swer.10 It’s a unique file providing to install itself and gen-
erating all the service files. That means the software is able
to recreate  itself and all the files and parameters that could
be accidentally deleted from the computer by the user. In
addition the software checks automatically all the available
update release. The software has been developed taking the
criteria of ECG automated diagnosis programs as a model.
In cardiology, the first automated ECG programs were de-
veloped in the 1970s, and improved in accuracy during the
1980s and 1990s. Today most currently commercial models
incorporate these programs with significant improvement in
relationship between user and the device. Technically, there
is not much difference between an ECG and an urodynam-
ic tracing (Fig. 1). In ECG the digital signal resulting from
heart “electrical” activity are processed by a series of spe-
cialized algorithms to derive conclusions, interpretation and
diagnosis. In UDS-ASSISTANT software “pressure “signal
resulting from bladder and urethral activity and electrical
signal resulting from pelvic floor muscle activity are
processed through the most widely accepted algorithms de-
veloped in literature for the specific underlying pathology
to make the more predictable diagnosis. Analyzed LUT
dysfunctions include female and male incontinence, male
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Figure 1. – “Electrical “ spikes and segments of ECG, and “pressure“ spikes ( involuntary contractions) and segments ( FSV, NDV, SDV, etc)
of a cystometry trace. 
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and female obstruction, urgency, neurogenic bladder and
voiding disorders in pediatric age. Algorithms have been re-
alized utilizing the statements and recommendations of the
most authoritative Guidelines on urodynamics: 
1. ICS (International Continence Society) Reports11,12

2. IUGA/ICS Joint Report on the Terminology for Female
Pelvic Floor Dysfunction13

3. ICCS (International Childrens Continence Society)
Terminology Document14

4. ICI (International Consultation on Incontinence) Reports15-18

5. Good Urodynamic Practice19

In addition three basic textbooks of urodynamics have
been consulted:
1. Abrams: Urodynamics20

2. Nitti: Pratical Urodynamics21

3. Chapple: Urodynamics made easy22

In situations poorly defined by the literature, the choice
of reference values was made on personal experience. The
figure 2 shows the software display. 

On the left, the ID of the patient including age, sex and a
short clinical history is indicated. On the right, the list of
urodynamic tests. To facilitate office urodynamics, the
analysis has been devised both for single tests and for pres-
sure/ flow studies. Once selected the test, a series of boxes
to be filled out with data of the traces is displayed (Fig. 3).
Likely ECG signals that are conditioned at starting of the
procedure to remove noise, correct base level variations etc,
a quality control procedure is accomplished by UDS-soft-
ware at the beginning of pressure/flow study asking the ex-
aminer to check the proper strain gauges calibration by ver-
ifying that the difference between Pabd and Pves should no
greater than 6 cm H20 (Fig. 4). A specific box identifies the
neurologic patient, likewise ECG in patient with cardiac
pacemaker. Urodynamics in neurologic patient has some
special features including terminology that is different from
that used in the non-neurologic patient (Fig. 5). After filling
the boxes with the requested values, a click on the analysis
button activate the display of the report that includes row
data on the top, and the results of automated interpretation
below (Fig. 6). Below we report the rationale of diagnostic
algorithms utilized in the analysis of each test.

Male flowmetry

The International Continence Society has standardized
certain objective measurements to be recorded during
uroflow measurement, including flow pattern, voided vol-
ume, maximum flow rate (Qmax), voiding time, and time to
maximum flow . However, flow pattern, Qmax, and volume
voided generally are regarded to be the most clinically use-
ful for both screening and following patients. Because
uroflow is partly dependent on volume voided, uroflowme-
try nomograms are useful in distinguishing normal from
abnormal flow rates. Since males show a significant decline
in flow rate with age, the software utilizes Siroky nomo-
gram for men under 55, and Bristol nomogram for men
over 55.23,24,25

Voided volume should be at least 150ml and preferably
200 ml. For voided volume lower than 150 ml (correspond-
ingly less in children: 50 to 100 ml) a warning indicate the
voiding pattern has to be interpreted with caution for possi-
ble erroneous result due to inadequate voided volume and
suggest to repeat the test. Intermittent flow may be due to
abdominal straining to overcome a BOO or may indicate a

Figure 2. – The display of the software.

Figure 3. – Single test and pressure/flow analysis.



poorly contractile detrusor or a dysfunctional voiding in pe-
diatric age or in younger adults. With an intermittent flow,
a second warning indicate the need of a pressure/flow study
for a better definition of the finding. In adults the free
flowmetry predictive value is also reported, in order to re-
duce the need of pressure/flow study according to Limm
and Abrams: if the Qmax is below 10 ml/the chance of the
patient to have a bladder outlet obstruction is 90%; if the
Qmax is 10 ml/s to 15 ml/s the incidence of obstruction
falls to 71%; if the Qmax is over 15 ml/s the chance of ob-
struction is 50% (high pressure/high flow system).26

Female flowmetry 

Unlikely male, female doesn’t show statistically signifi-
cant variations in urine flow rate with respect to age, parity
or first versus repeated voiding. The 10th centile of the
Liverpool Nomogram for the maximum urine flow rate has
been considered to be the most useful discriminant for a fi-
nal urodynamic diagnosis of voiding difficulties in fe-
males.27

Uroflowmetry in pediatric age

Urine flowmetry togheter with ultrasound assessment of
residual urine is by far the most common procedure in pe-
diatric urodynamic practice. The results of the examination
decide whether the child requires an invasive urodynamic
investigation. Two aspects are particularly significant in a
child flow curve: maximum flow and the shape of the
curve.

Maximum flow (Qmax)

In studies of normal children a linear correlation has
been found between the square of maximum flow (Qmax)
and voided volume. If the square of Qmax (ml per second2

is equal to or exceeds voided volume in ml, the recorded
maximum flow is most probably within the normal range.28

Mean Qmax is higher in girls than in boys probably due
to girls’ shorter urethra. Recently nomograms in centile
forms have been reported both for girls and boys under 14
yrs of age for a wide range of voided volume.29 These
nomograms have been utilized in our software for automat-
ed analysis of flow in children.

Flow curve shape 

A child with organic outlet tract obstruction often has a
low amplitude flow curve, that is a plateau-shaped curve.
Similarly this may be the case when there is a tonic sphinc-
ter contraction during voiding. However, more commonly
sphincter overactivity during voiding is seen as sharp peaks
and troughs in the flow curve, that is labelled as an irregu-
lar or “staccato” flow curve. With a “staccato” flow curve a
warning indicate the possibility of dysfunctional voiding
inviting the examiner to proceed to a pressure/flow study
with patch EMG.

Residual urine

Measurement of post-void residual urine is the current
complement of uroflowmetry for evaluating voiding dys-
function. However, threshold values delineating what con-
stitutes an abnormal PVR are poorly defined. The pro-
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Figure 4. – Quality control procedure before starting pressure/flow
study.

Figure 5. – Pressure/flow study in neurologic patient.

Figure 6. – Sample of a final diagnostic report in neurogenic pa-
tient.
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gramme take into account only large PVRs (> 200ml) with
a warning indicating that values greater than 200 ml may be
associated with an increased risk of urinary retention, upper
urinary tract dilation and renal insufficiency.30,31

Cystometry

Cystometry is mostly interpretative. The investigator
should approach cystometry with a clear principle in mind,
namely that “the role of urodynamics is to reproduce the
patient symptoms”. This means there should be a continu-
ous dialogue between the investigator and the patient
through the examen. This concept is particularly important
when assessing the sensation the patient experience during
cystometry.32,33 Bladder storage function should be assessed
in terms of bladder sensation, detrusor activity, bladder
compliance and bladder capacity. Furthermore the urethra
should be assessed in term of competency through cough
(urodynamic stress incontinence) and strain (Valsalva leak
point pressure). The failure to store urine during the filling
phase may be either a result of an abnormal (overactive or
oversensitive) detrusor or an abnormal (i.e. too weak)
sphincter complex. In mixed incontinence the two situa-
tions coexist.

The software analysis considers the following data: FSF
(first sensation of filling); cystometric capacity; involuntary
detrusor contractions spontaneous or on provocation; com-
pliance, espressed as increase in bladder volume per cen-
timetre of water increase in pressure (ml/ cm H20). In the
normal bladder the change in pressure from empty to full
should be less than 10 cm H20 giving a figure for normal
compliance of greater than 40 ml/cm H20; urine leakage
through the external meatus during cough; VLPP  at 200 ml
of filling.34

Overactive bladder is diagnosed in presence of signifi-
cant detrusor overactivity, subjectively observed by the ex-
aminer. There has been considerable confusion over the ob-
jective definition of DO with some investigators labelling
patients as having DO if there is an increase of pdet greater
than 15 cm H20 during filling. However, the ICS standard-
ization document of 1988 made it clear that DO is charac-
terised by phasic contractions (pressure rise and fall)
whithout specifying a minimum change in pdet. Waves of
an amplitude of less than 5 cm H20 are difficult to detect
using most modern urodynamic equipments.35 However, it
is undoubtedly true that low pressure DO waves (5 cm H20
– 15 cm H20) can produce troublesome symptoms of ur-
gency particularly in women. Bladder hypersensitivity is
diagnosed in presence of an early first sensation of filling
and an early first sensation to void (usually < 100ml) which
persist into normal and strong desire without concomitant
phasic detrusor contractions. Bladder capacity is less than
250ml Reduced compliance is diagnosed when the pressure
at cystometric capacity is greater than 10 cm H20.
Urodynamic stress incontinence is diagnosed when urine
leak from the external meatus is observed when the patient
raises her intra-abdominal pressure in the absence of a de-
trusor contraction. IDS is diagnosed when VLPP at 200 ml
of filling is lower than 60 cmH20. A VLPP greater than 90
cm H20 is usually associated with pure uretral hypermobil-
ity. VLPP values between 60 and 90 cm H20 form a grey
area in which hypermobility and ISD usually coexist. If the
patient does not leak a bladder cause for the leakage should
be considered. The two stressors (cough and Valsalva) dif-
fer physiologically with regard to the rate and nature of the
rise in pressure. Although higher abdominal pressures can
be achieved with cough, the Valsalva LPP is better con-
trolled and less variable.36 Generally, cough LPP is used for
patients who do not leak during Valsalva LPP measure-

ment. The programme takes into account both values.

Pressure/flow studies

Conventional urodynamics is able to provide information
on both filling and voiding phases of micturition cycle. This
is achieved by measuring bladder and abdominal pressure
with real-time computational determination of detrusor
pressure by using the formula  pdet = pves − pabd . The ac-
curate measurement of pdet is entirely dependent on the ac-
curacy with wich pabd and pves are measured. The 2002
ICS report says that after derivation, pdet is 0 cm H20 to 6
cm H20 in 80% of cases. As previously said, before starting
the pressure/flow study, quality control is ensured by a
warning that ask the examiner to check that pdet is under 6
cm H20. The pressure-flow relation is much better defined
in men than in women. In male patients the diagnosis of
BOO is made by plotting the maximum flow rate (Qmax)
against detrusor pressure at Qmax (pdet Qmax) into the
ICS nomogram which is derived from Abrams-Griffiths,
LPURR and URA nomograms.37 BOO is also calculated
without reference to nomogram utilizing the equation:
BOOI (Bladder Outlet Obstruction Index) = pdetQmax – 2
Qmax

If the BOOI is greater than 40 then BOO exist; if it is be-
low 40 then no definite BOO exists. Under 20 patient is un-
obstructed. In addition the software analyzes the detrusor
contractility utilizing the equation: BCI (Bladder
Contraction Index ) = pdetQmax -5 Qmax

A BCI of greater than 150 suggests strong contractility,
whereas less than100 is poor. BCI 100-150 is the normal
range. The definitions and nomograms that are used to de-
scribe BOO in men do not apply to women, since men and
women have unique micturitional characteristics. There is
a distinct lack of consensus relating to the use of urody-
namic assessment in the interpretation of voiding dys-
function in women. There are universally accepted nomo-
grams for men with outflow obstruction38,39 but there re-
main various different urodynamic criteria for women.40-44

Recent attempts have been made to simplify and clarify
them, such as the nomogram proposed by Blaivas and
Groutz in 2000. 45 but standardization is still awaited.
Nevertheless, voiding phase of female patient is analyzed
through the Groutz-Blaivas nomogram. The nomogram
includes 4 zones: unobstruction, mild, moderate, severe
obstruction BOO is defined as free Qmax < 12 ml/ s com-
bined with pdet Qmax > 20 cm H20. In according to the
Authors, given the difficulty in performing uroflowmetry
with a catheter in place and the fact that there was a sig-
nificantly higher flow rate in the same woman without the
catheter, we chose to use a non-invasive flow rate in the
nomogram. Also, because they found no statistical differ-
ence in pdetQmax in obstructed versus unobstructed pa-
tients, we choose pdetmax as the pressure parameter. This
enables analysis also in patients with urinary retention.
Unlike male, detrusor contraction strength is not assessed
in women. However, since an inadequately contracting de-
trusor may be related to post–operative voiding problems,
the addition of pressure/ velocity plots described by van
Mastrigt and Griffiths46 and provided by some urodynam-
ic equipments may be worthwhile.

Female static & dynamic profilometry

Urethral function tests represent a dark area of urody-
namics.47 Urethral hypermobility and intrinsic sphincteric
deficiency probably falls in a bell-shaped distribution
across stress incontinence populations; so that most cases
of stress incontinence have some degree of both types of
pathology. 48 Static and dynamic profilometry are the cur-



rent urodynamic tests to assess both intrinsic urethral tone
and the urethral support. 

Static profilometry

Static profilometry assess the functional status of the ure-
thra by measuring the pressure throughout the urethral
length.49 Proponents believe it gives an indication of the
severity of SUI and usually equate a maximal urethral clo-
sure pressure (MUCP) below 20 cmH2O, with ISD. Values
greater than 20 cm H20 but lower than the hypothetical
normal MUCP may indicate a hypofunctional urethra.50

MUCP in female is closely dependent on age and decreas-
es by 15 cm H20 per decade starting from 90 cm H20 at 25
yrs.51,52 This concept is summarized in a simple formula,
proposed by the SIFUD (Societe Francophone d’Urodina -
mique) several years ago, to calculate the theoretical nor-
mal MUCP of each woman.

MUCP = 110 minus age

Example: a woman of 72 yrs should have a theoretical
MUCP of: 110-72=38 cmH20

The values between 20 and 38 cmH20 indicate a possible
“hypofunctional” urethra

The values under 20 cm H20 indicate a possible ISD 

Dynamic Profilometry

In women with a normal mechanism of support, increas-
es in abdominal pressure during coughing are transmitted
to the proximal three quarters of the urethra with urethral
pressures exceeding intravesical pressures. The lack of such
pressure transmission to the urethra indicates a poor sup-
porting mechanism. The PTR (Pressure Transmission
Ration) is calculated as follow: PTR = urethral pressure rise
during stress maneuvers/intravesical pressure rise x 100.
The PTR in normal women tend to be greater than 90.
Values under 90% are diagnosed as defect in support. A
pressure transmission ratio value less than 90% in the prox-
imal half of the dynamic profile had a sensitivity of 97%, a
specificity of 56%, an abnormal predictive value of 53%,
and a normal predictive value of 97%.53

Male profilometry

Male profilometry has limited clinical relevance as a di-
agnostic tool for bladder outlet obstruction, because it does-
n’t reflect the dynamic behaviour of the urethra during mic-
turition. Conversely, it may be used to evaluate the degree
of sphincter lesion after radical prostatectomy and to follow
spontaneous recovery. Several papers reports the multifac-
torial origin of incontinence after radical prostatectomy:
ISD is present in 2/3 of cases, sphincter and bladder dys-
function coexist in 1/3, isolated bladder dysfunction is less
10%, while BOO due to anastomotic stricture is present in
2.7-20% of the cases.54-58 Quantification of sphincteric dam-
age became important after the introduction of sling sur-
gery in alternative to AUS, since sling surgery appears to be
efficacious only in mild to moderate cases of incontinence.
There are controversies about the assessment of sphincteric
function after radical prostatectomy. Although VLPP has
not been shown to correlate with severity of incontinence.59

MUCP appears to be a more useful measurement in the
post-RP population. MUCP in incontinent patients has been
reported significantly lower than in continent patients.60

Basing mostly on personal experience, the software algo-
rithm describes three incontinent sub-groups:
1. MUCP between 60 and 80 cm H20 suggesting a mild

sphincteric weakness.
2. MUCP between 40 and 60 cm H20 suggesting a moder-

ate sphincteric weakness.
3. MUCP under 40 cm H20 suggesting a severe sphincteric

weakness.

Urethral profilometry and dysfunctional voiding

The ICS has defined dysfunctional voiding as an inter-
mittent and / or fluctuating flow rate due to involuntary in-
termittent contractions of peri-urethral striated muscle dur-
ing voiding in neurologically normal patients. In male the
pattern, that has been called also “pseudodyssinergia”
seems to account for 35% of bladder outlet obstruction es-
pecially in young adults.61 In female dysfunctional voiding
is quite common in painful bladder and related pelvic floor
syndromes.62 Obviously, the “gold standard” for diagnosing
the disorder is the pressure/flow study with EMG. Is not in-
frequent, however, to observe in office practice the per-
formance of  flowmetry followed by cystometry and ure-
thral profilometry. In presence of an interrupted free flow
and with an MUCP exceeding 10 cm H20 the normal age-
dependent MUCP value in the female and a fixed value of
120 cmH20 in male, a pressure/flow study with EMG is
warranted. The latter usually evidentiate a poor relaxing
sphincter with mild – to moderate obstruction in female and
equivocal obstruction with underactive detrusor in male.

Neurogenic bladder

Urodynamic diagnosis in neurogenic bladder follows
special features (terminology, sensation, compliance) in a
condition similar to ECG in the patient with a pacemaker.
As previously said, the software provide a specific algo-
rithm for neurogenic patient. Neurogenic bladder dysfunc-
tion may be due to: dysfunction of the detrusor, dysfunc-
tions of the sphincter, and a combination of both

When one suspect neurogenic bladder, a pressure/flow
study with EMG becomes mandatory. Two types of infor-
mation can be obtained from EMG: a simple indication of
muscle behaviour, the so-called kinesiological EMG, or an
electrical correlation of muscle pathology.63 During urody-
namic investigation a kinesiological EMG is usually ob-
tained. Sphincter activity may be: synergic, dyssinergic or
non-relaxing and low-amplitude. Synergic activity indicates
a progressive increase of EMG activity during filling of the
bladder (guarding reflex) followed by by a timely relax-
ation of the pelvic floor during voiding. Dyssinergic or
non-relaxing activity indicates an increase of EMG activity
during voiding (sometimes the activity may result unmodi-
fied or “waxing and waining”). Low amplitude EMG indi-
cates a reduced electrical activity both during filling and
voiding phase. The finding may indicate a peripheral dener-
vation of the muscle for which a neurophysiological ap-
proach, through a needle EMG and oscilloscope, is recom-
mended in the final report. Correspondingly, detrusor func-
tion may be: normo-, hyper-, hypo-active. The patterns of
detrusor- sphincter function reported in the boxes of the
display identifies eight types of neurourodynamic diag-
noses , according to Madersbacher: 64

– supra-pontine reflex bladder (detrusor hyperactivity-syn-
ergic EMG activity)

– spinal reflex bladder (detrusor hyper activity-dyssinergic
or non-relaxing EMG activity)

– sub-sacral lesion (detrusor hypoactivity-low amplitude
EMG)

– lumbosacral lesion I (detrusor hyperactivity-low ampli-
tude EMG)

– lumbosacral lesion II(detrusor hypoactivity-dyssinergic
or non-relaxing EMG activity)

– intra-pelvic lesion I (detrusor hypoactivity-synergic
EMG activity)
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– intra-pelvic lesion II (detrusor normoactivty-dyssinergic
or non-relaxing EMG activity)

– intra-pelvic lesion III (detrusor normoactivity-low apmli-
tude EMG activity).
In addition to neurourodynamic diagnosis, voiding phase

is analyzed through A-G nomogram in male and Groutz-
Blaivas nomogram in female to evaluate the presence or ab-
sence of a mechanical obstruction. The absence or presence
of sensation during filling account for a complete versus in-
complete neurogenic lesion.

RESULTS

One hundred urodynamic studies were retrospectively re-
analyzed using the software. The diagnosis done by an uro-
dynamicist was compared with that resulting from the soft-
ware analysis. Data were inserted in the program blindly,
for example, without knowing the diagnosis. Seventy-six
exams were considered as routine investigation, while
twenty-four were classified as a difficult cases. Difficult
cases were considered male patients undergone several en-
doscopic operations (TUIP, TURP, re-do) for suspected
bladder outlet obstruction and female patients undergone
several anti-incontinence surgeries. Examiner skill was
classified as high (expert urodynamicist), average (resi-
dents), poor (clinician not specifically involved in urody-
namics). Only eighty-eight exams were eligible for re-
analysis since twelve traces were discarded for technical in-
adequacy (poor calibration, infusion pump oscillations in
UPP measurement, loss of detrusor line during voiding) in
spite of examiner diagnosis. Diagnostic agreement between
software and examiner diagnosis is reported in Table I.
Overall, the correspondence between the two diagnoses
was observed in 54.5% of the cases. Discrepancies were
observed in 45.5% of the studies. As expected, diagnostic
agreement was lower in complicated cases, mostly due to
initial wrong diagnosis. Examiner skill was not a discrimi-
nating factor in resident diagnoses, probably because
younger people strictly follow the available guidelines. In
general, however, there was evidence of an unwillingness to
follow existing standardization recommendations. In addi-
tion, poor facility with urodynamics was an important fac-
tor in the questionable diagnosis of the clinicians, since
most of them had already planned an “unmodifiable surgi-
cal solution” despite the urodynamic traces. The best diag-
nostic agreement (90%) was seen in the sub-group of pa-
tients with neurogenic bladder dysfunction. Although in
neurogenic bladder each individual patient may have a
unique pattern of lower urinary tract dysfunction and re-
quire an individual management plan, the site of the lesion
gives an indication of the likely pattern of the dysfunction.
In this sub-group the only two discrepancies in diagnosis
were seen during the spinal shock period, that software
failed to recognize. In male LUTS diagnostic agreement
was seen in 50% of the patients. Discrepancies were due
mostly to missed diagnosis of detrusor underactivity (4/18:
22%) and poor-relaxing external sphincter(14 /18: 77%). In
our opinion there is a tendency in the clinician to underes-
timate the problem of detrusor underactivity in favour of

bladder outlet obstruction, while the diagnosis of poor- re-
laxing spincter is almost never done. In female inconti-
nence diagnostic agreement was seen in 37.5% of the cas-
es. Discrepancies were present in the quantification of ISD
(12/20: 60%) and in the diagnosis of bladder hypersensitiv-
ity (8/20: 40%), the latter being classified as overactive
bladder in most of the cases. This was not surprising, since
it is well known that both urethral function assessment and
detrusor dysfunction evaluation are considered the “dark-
grey zones” in current urodynamic investigation.

DISCUSSION

Urodynamics is a series of more or less agreed-upon clin-
ical tests to assess the function and dysfunction of lower
urinary tract. According to this definition urodynamics is
the only way of understanding why people are continent or
incontinent. Urodynamics is the pivotal link between basic
science on the one hand and the clinical reality on the oth-
er. Therefore it occupies a central place in the consultation.
At present however there is a limited objective evidence for
the clinical utility of urodynamics. According to Griffiths
such a surprising conclusion could have, among others, at
least two possible explanations:

1 any given symptom group have similar underlying
pathophysiology requiring similar treatment, and so there is
no need to differentiate them by urodynamics

2 current treatments are so non-specific and non-quanti-
tative that underlying dysfunction is unimportant.
Treatment works equally well or poorly in any case. 

Beside these consideration, there is however a strong sus-
picion, based on expert opinion, that urodynamics is often
done poorly, both in accomplishing the examination as well
as in interpreting the traces. Recent experience from the
central monitoring of multicentre studies65,66 suggested that
the quality of urodynamic results was often compromised
because there is no quality control. In one large trial up to
38% of the traces were rejected during a central review.67

Such high rates of rejection suggested that quality control
was a problem in several urodynamic units, and this led to
the development of the International Continence Society
guidelines on Good Urodynamic Practice (ICS GUP).
Furthermore, to improve this situation, the ICS tried to es-
tablish standards for proper training and certificate pro-
grams for urodynamics. In a competency-based approach to
teaching UDS, five measurable components were defined:
terminology and theory, setting up the study, running the
study, interpreting the study, and reporting UDS.69 Several
papers have been published in the last years on quality con-
trol in urodynamics.68-71 None of them however deal specif-
ically with traces interpretation. Computer-aided diagnosis
is a widely accepted  procedure that supports the doctor’s
interpretations, particularly if the experience and skill in a
specific field is less than optimal. Many studies demon-
strate that the use of computer software to partly or fully
make a differential diagnosis improve the quality of care by
reducing medical errors.72,73,74 The urodynamic algorithm
imitate the step-by-step reasoning that expert urodynami-
cists were assumed to use when they analyze the traces.
This is particularly useful since often we tend to solve most
of our problems using fast, intuitive judgments rather than
the conscious, step-by-step deduction. It was particularly
impressive to see that in some cases the software reported a
diagnosis that was totally unexpected. After a re-evaluation
of the patient the working diagnosis was modified. The dis-
play may be an useful track for a good urodynamic prac-
tice, since the examiner is forced to consider all significant
aspects of the traces. Data are currently entered manually
by the examiner, but a direct process of the traces, like the

TABLE 1. – Diagnostic agreement between software and examiner
diagnosis in 88 selected LUT dysfunctions.

LUT dysfunction N° pts Diagnostic agreement %

Female incontinence 32 12/32 37.5

Male BOO 36 18/36 50

Neurogenic bladder 20 18/ 20 90

Overall 88 48/88 54.5



ECG stripe, is not technically difficult. The solution of “di-
agnostic machine”, however, would distort the current ap-
proach of the software, that is a structured guide to urody-
namic tests. In urodynamics a basic principle often missed
is that any urodynamic parameter must be “correctly” inter-
preted” and “intelligently” evaluated. That means that any
incongruence of software urodynamic diagnosis with clini-
cal picture should act as a red flag and imply a more de-
tailed evaluation. Conversely, the overall reliability and sig-
nificance of each urodynamic test in clinical practice has
nothing to do with the software. We perfectly know that
many tests have several short comings, but we assumed that
they are the best in current use.

The better agreement between software and examiner di-
agnosis was observed in neurogenic patients except in
spinal shock phase. During spinal shock, bladder filling is
accompanied by an elevation of resistance in the bladder
neck area, with a concomitant increase of pressure in the
external sphincter zone but without a simultaneous increase
of the electromyographic activity. These results indicate an
increased sympathetic activity in the smooth muscle com-
ponent of the entire urethra.75 Analyzing only the detrusor
and sphincter activity in a set-up of pressure/flow study de-
spite the patient inability to void, the software fail to recog-
nize this activity and the subsequent diagnosis is “sub-
sacral lesion-complete”. A good accordance between soft-
ware and examiner diagnosis was observed in male outlet
obstruction. The wide use of nomograms makes highly re-
producible the diagnosis of male outlet obstruction. A re-
cent report indicated that urodynamics has good repro-
ducibility when looking at the BOOI (bladder outlet ob-
struction index) and BCI (bladder contraction index), indi-
cating that a second study is not necessary in most patients
and one investigation is sufficient for an accurate diagnosis
on which treatment options can be based.76 However, classi-
fy the male patients with symptoms of lower urinary tract
(LUT) dysfunction ‘‘only’’ on the basis of prostate enlarge-
ment is a limited view of the problem.

Results of a recent study indicated that LUTS in male
can result from a complex interplay of pathophysiologic
features that can include bladder dysfunction and bladder
outlet dysfunction such as benign prostatic obstruction or
poor relaxation of the urethral sphincter. About one third of
men with LUTS who were older than 55 years of age had
benign prostatic obstruction. Patients younger than 55 years
old were more likely to have poor relaxation of the urethral
sphincter as a likely cause of LUTS. 61 In clinical practice a
poor relaxing sphincter is rarely acknowledged. A typical
finding is that of a patient 55 years old undergone TUIP,
TURP, and TURP re-do by different surgeons  for a sus-
pected bladder outlet obstruction due, in fact, to a poor re-
laxation of the urethral sphincter. 

Most of conflicting results in female incontinence were
related to the distinction between ISD and urethral hyper-
mobility and to the assessment of combined detrusor dys-
function. Currently, there is no adequate consensus on how
to diagnose SUI or categorize the disorder in terms of the
two principal postulated pathophysiological mechanisms;
intrinsic sphincter deficiency (ISD) and urethral hypermo-
bility. These represent extremes of a spectrum, and coexist
in the vast majority of patients. Recent reports indicate that
mid-urethral sling may be equally effective in both condi-
tions (77,78). However, it is clear from other reports that
the appropriate diagnosis of SUI poses many challenges,
both in the need to clarify the role of the relative compo-
nents of ISD and hypermobility, which appear to exist
across a spectrum, and to determine their influence on
treatment outcome.79,80

Likewise, CMG is an essential part of the diagnostic
evaluation of incontinent female, both in defining underly-
ing pathophysiology of a mixed incontinence and directing
treatment. In spite the ICS Revision of Terminology (2002)
that abolished the distinction between sensory and motor
urgency, recent evidence indicates urothelium as sensory
function and sensory hypersensitivity may be causative of
frequency and urgency unrelated to a detrusor overactivi-
ty.81,82 The software make a clear distinction between hyper-
sensitivity and OAB ,but probably the latter should be fur-
ther re-defined according to the type of detrusor contrac-
tions, for example phasic and terminal,83 and warning time
that may account for brain control.84 Last but not least, the
programme may have a role also among expert urody-
namist by reducing the inter- and intra-observer variability
of urodynamic diagnosis. Urodynamics provide in essence
a subjective interpretation of an objective evaluation .This
account for short-long-term variability of urodynamic diag-
noses and for inter-observer variability. Considerable ef-
forts have been made in recent years to improve the stan-
dards and comparability of urodynamics worldwide.85,86,87

In spite of rules and recommendations of ICS and other ref-
erence groups, it is interesting to see that experienced uro-
dynamists failed to agree on the interpretation of urody-
namic recordings in several situations. Recently some re-
ports on the development of an objective method to assess
bladder filling sensation during cystometry have been pub-
lished.88 Likewise, extensive objective methods of assess-
ment of urodynamic tracings are strongly warranted by sev-
eral experts. The step-by-step analysis of the programme
may be an useful tool for interpreting the traces utilizing
the same criteria. A multicenter study in under way to veri-
fy this goal. As indicated in the title the software is a work
in progress. Some modifications have been already
planned. The most significant is the introduction of a range
value instead a single value.

The range should include a test retest variation of 10-
15% for various parameters (volume, pressure, or flow),
which can be regarded as the physiological variation of
UDS.89

Furthermore, values chosen according to the experience
of the Author, mostly related to urethral hyper- and hypo-
activity, should be verified by others. However, it is our
belief that the values can be changed according to person-
al preferences without modify the reliability of the algo-
rithm.

CONCLUSION

Despite limitations, urodynamic studies remain the pri-
mary method of evaluating lower urinary tract complaints.
Latest reports indicates urodynamic evaluations are fast be-
coming routine in the office environment (with only com-
plicated cases referred to specialty centers) due to increas-
ing demand of medical justification for surgical proce-
dures.90 The dictum “bladder is an unreliable witness” is
now around 30 years old, but probably it’s time that urody-
namics is no longer complicated or cumbersome. In this
scenario, urodynamic diagnostic software promise to be an
useful technical support to the examiner who seeks assis-
tance in interpreting urodynamic testing results and apply-
ing this to their practice. In principle, the software does not
add anything new but simply collect the data in a structured
way to coin a correct diagnosis according to the literature.
This approach has at least two advantages: the first is to im-
prove the performance of the inexperienced urodynamist,
the second is to encourage the practice of urodynamics by
making it easy.

46

Giancarlo Vignoli, Massimo Protopapa



47

A semi-automated programme for urodynamic diagnosis:  preliminary report of a work in progress

REFERENCES

1. Brucker B, Jaffe W. Urodynamics to guide surgical therapy in
LUTS/BPH. Current bladder dysfunction report 2009; 4: 53-60.

2. Lemack G. Use of urodynamics prior to surgery for urinary in-
continence: how helpful is preoperative testing? Indian J Urol
2007; 23: 142–147.

3. Renganathan A, Cartwright R, Cardozo L et al. Quality con-
trol in urodynamics: analysis of an international multicenter
study. Neurourol Urodyn 2009; 28: 380-4.

4. Sullivan J, Lewis P, Howell S et al. Quality control in urody-
namics: a review of urodynamic traces from one center. BJU
Int 2003; 91: 201-7.

5. Mueller ER, Kenton K, Scarpero HM, et al. Urodynamics cur-
riculum for urology residents (UCUR) Neurourol Urodyn
2008; 27: 137. Poster 22.

6. Scarpero H. Creating taxonomy and assessing proficiency in
urodynamic education of the urologyresident. Neurourol
Urodyn. 2008; 27: 137. Poster.

7. Caceres CA, Hochberg HM. Performance of the computer and
physician in the analysis of the electrocardiogram. Am Heart J
1970; 79: 439-443.

8. Drazen E, Mann N, Burun R et al. Survey of computer assist-
ed electrocardiography in the United States. J Electrocardiol
1988; 21: Suppl: S98-S104.

9. Willems J, Abreu-Lima C, Arnaud P et al. The diagnostic per-
formance of computer programs for the interpretations of the
electrocardiograms. NEJM 1991; 25: 1767-1773. 

10. Lennart Ljung, System Identification. Theory for the user,
Prentice -Hall, 1987.

11. Abrams P, Cardozo L, Fall M, et al. The standardisation of ter-
minology of lower urinary tract function: report from the
Standardisation Sub-committee of the International
Continence Society. Neurourol Urodyn 2002; 21: 167-178. 

12. Sand P, Dmochowsky R. Analysis of The standardisation of
terminology of lower urinary tract function: report from the
Standardisation Sub-committee of the International
Continence Society. Neurourol Urodyn 2002; 21: 167-178.

13. Haylen DE, Ridder, Freeman et al. IUGA/ICS on the terminol-
ogy for female floor dysfunction. Standardization and terminol-
ogy Committees IUGA & ICS, joint IUGA/ICS Working group
on female terminology. Neurourol Urodyn 2010; 29: 4-20.

14. ICCS (International Childrens Continence Society) Termi -
nology Document. J. Urol, 2006;176: 314-324.

15. Griffiths D et al. Dynamic testing. In: Third International
Consultation on Incontinence, 2005 edition, pp. 585-674.
Paris: Health Publication Ltd, 2005.

16. Rosier P, Gajewsky J, Sand P et al. The International
Consultation on Incontinence 2008.-Committee on «Dynamic
Testing»; for Urinary Incontinence and Fecal Incontinence. Part
1: Innovations in Urodynamic Techniques and Uro dy namic
Testing for Signs and Symptoms of Urinary In con tinence in
Female Patients. Neurourol Urodyn 2010; 29: 140-145.

17. Rosier P, Szabo L, Capewell A et al. The International
Consultation on Incontinence 2008.-Committee on «Dynamic
Testing»; for Urinary Incontinence and Fecal Incontinence.
Part 2: Urodynamic Testing in Male Patients with Symptoms
of Urinary Incontinence, in Patients with relevant Neurologic
Abnormalities, and in Children and in Frail Elderly with
Symptoms of Urinary Incontinence. Neurourol Urodyn 2010;
29: 146-152.

18. Madersbacher et al: Conservative management in neuropathic
urinary incontinence. In : Third International Consultation on
Incontinence, 2005 edition, pp 697-754. Paris: Health
Publication Ltd, 2005.

19. Schafer W, Abrams P, Liao L, et al. Good urodynamic prac-
tices: uroflowmetry, filling cystometry, and pressure-flow
studies. Neurourol Urodyn 2002; 21: 261-274.  

20. Abrams P, Urodynamics, Third Edition, Springer-Verlag
London Limited 2006.

21. Nitti V. Pratical Urodynamics, W.B. Saunders Co, 1996.
22. Chapple C, Mac Diarmid S, Patel A. Urodynamics made easy.

Elsevier. Third Edition. Churchill Livingstone, 2009.
23. Siroky M, Olssen C, Krane R. The flow rate nomogram I

Development. J Urol 1979; 122: 665-668.
24. Siroky M, Olssen C, Krane R. The flow rate nomogram II

Clinical correlations. J. Urol 1980; 123: 208-210.

25. Kadow C, Howells S, Lewis P et al. A flow rate nomogram for
males over the age of 50. Proceedings of the 15th Annual
Meeting of the International Continence Society, London
1985, 138-139.

26. Limm C, Abrams P. The Abrams-Griffiths Nomogram. World
J Urol 1995; 13: 34-39.

27. Haylen B, Parys B, Anyaegbunam W et al.Urine flow rate in
males and females urodynamic patients compared with
Liverpool nomogram. Br. J Urol. 1990; 65: 483-487.

28. Szabo L. and Fegyvernski S. Maximum and average flow rates
in normal children: the Miskolc nomograms. Br J Urol, 1995;
76: 16.

29. Kajbafzadeh A,  Yazdi C,  Rouhi O et al. Uroflowmetry nomo-
gram in Iranian children aged 7 to 14 years BMC
Urology 2005, 5: 3.

30. Gray M. Urinary retention. Management in acute care setting.
Part 1. Am J Nurs 2000; 100: 40-47.

31. Gray M. Urinary retention. Management in acute care setting.
Part 2. Am J Nurs 2000; 100: 36-43.

32. Blaivas JG. Techniques of evaluation. In Neurourology and
urodynamics: principles and practice Edited by S.VYalla, EJ
McGuire, A Elbadawi, et al New York: McMillan pp 155-198,
1988.

33. Wyndaele J. Normality in urodynamics studied in healthy
adults. J Urol 161: 899-902.

34. Zimmern, Nager, Albo et al. Interrater reliability of filling cys-
tometrogram interpretation in a multicenter study. J Urol
2006; 175: 2174-5.

35. Abrams P, Blaivas JG, Stanton S et al. ICS Standardization of
Terminology of Lower Urinary Tract Function 1988. Scand J
Urol Nephrol, 1988; Supp 114: 5-19. 

36. Peschers U, Junt K, Dimpfl T. Differences between cough and
Valsalva leak-point pressure in stress incontinent women.
Neurourol Urodyn 2000; 19: 677-681.  

37. Abrams P. Bladder outlet obstruction index, bladder contractili-
ty index and bladder voiding efficiency: Three simple indices to
define bladder voiding function. Brit J Urol 1999; 84: 14-15.

38. Abrams PH, Griffiths D. The assessment of prostatic obstruc-
tion from urodynamic measurements and from residual
urine. Br J Urol. 1979; 51: 129-134. 

39. Schafer W. The contribution of the bladder outlet to the relation
between pressure and flow rate during micturition. In: Hinman
F Jr, Boyarsky S, editors. Benign Prostatic Hypertrophy. New
York, NY: Springer Verlag; 1983. pp. 470-496.

38. Farrar DJ, Osborne JL, Stephenson TL, et al. A urodynamic
view of bladder outflow obstruction in the female: factors influ-
encing the results of treatment. Br J Urol. 1976; 47: 815-822. 

39. Bass JS, Leach GE. Bladder outlet obstruction in
women. Problems in Urology. 1991; 5: 141-154.

40. Massey JA, Abrams PA. Obstructed voiding in the female. Br
J Urol. 1988; 1: 36-39. 

41. Chassagne S, Bernier PA, Haab F, et al. Proposed cut-off val-
ues to define bladder outlet obstruction in women. Urology.
1998; 51: 408-411. 

42. Lemack GE, Zimmern PE. Pressure flow analysis may aid in
identifying women with outflow obstruction. J Urol. 2000;
163: 1823-1828. 

43. Defreitas GA, Zimmern PE, Lemack GE, Shariat SF. Refining
diagnosis of anatomic female bladder outlet obstruction: com-
parison of pressure-flow study parameters in clinically ob-
structed women with those of normal controls. Urology. 2004;
64: 675-679.

44. Nitti VW, Tu LM, Gitlin J. Diagnosing bladder outlet obstruc-
tion in women. J Urol. 1999; 161: 1535-1540.

45. Blaivas JG, Groutz A. Bladder outlet obstruction nomogram
for women with lower urinary tract symptomatology.
Neurourol Urodyn. 2000; 19: 553-64.

46. Van Mastright R, Griffiths D. Clinical comparison of bladder
contractility parameters calculated from isometric contractions
and pressure/flow studies. Urology 1987; 29: 102-106.

47. Chapple CR, Wein AJ, Artibani W, et al. A critical review of
diagnostic criteria for evaluating patients with symptomatic
stress urinary incontinence. BJU Int 2005; 95: 327-334.

48. Patel A, Chapple C. Urodynamics in the management of fe-
male stress incontinence-which test and when? Curr Opin
Urol 2008; 18: 359-364.



49. Jarvis GJ, Hall S, Stamp S, et al. An assessment of urodynam-
ic investigation in incontinent women. BJOG 1980; 87: 873-
96.

50. Lose G, Griffiths D, Hosker G, et al. Standardization of ure-
thral pressure measurement: report from the Standardisation
Sub-Committee of the International Continence Society.
Neurourol Urodyn 2002; 21: 258-260.

51. Madersbacher S, Pycha A, Schatzl G et al. The aging lower
urinary tract: a comparative urodynamic study of men and
women.Urology 1998; 51: 206-12.

52. Pfisterer M, Griffiths D, Schaefer W et al. The effect of age on
lower urinary tract function. A study in women. J Am Geriatr
Soc 2006; 54: 405-12.

53. Bump RC, Copeland WE, Hurt WG et al. Dynamic urethral
pressure/profilometry pressure transmission ratio determina-
tions in stress-incontinent and stress-continent subjects. Am J
Obstet Gynecol 1988; 159: 749-55.

54. Porena M, Mearini E, Mearini L et al. Voiding dysfunction af-
ter radical retropubic prostatectomy: more than external ure-
thral spnicter deficiency. Eur Urol 2007; 52: 38-45.

55. Groutz A, Blaivas J, Chaikin D et al. The pathophysiology of
post-radical prostatectomy incontinence: a clinical and video
urodynamic study. J Urol 2000, 163: 1767-70.

56. Ficazzola M, Nitti V. The etiology of post-radical prostatecto-
my incontinence and correlation of symptoms with urodynam-
ic findings. J Urol 1998; 160. 1317-20.

57. Kundu S, Roehl K, Eggener S et al. Potency, continence and
complications in 3477 consecutive radical retropubic prostate-
ctomies. J Urol 2004; 172: 2227-31.

58. Kao T, Cruess D, Garner D et al. Multicenter patient self- re-
porting questionnaire on impotence ,incontinence and stricture
after radical prostatectomy. J Urol 2000; 163: 858-64.

59. Comiter C, Sullivan M, Yalla S. Correlation among maximal
uretral closure pressure, retrograde leak point pressure and ab-
dominal leak point pressure in men with post-prostatectomy
stress incontinence. Urology 2003; 62: 75-8.

60. Kielb S, Clemens J Comprehensive urodynamics evaluation of
146 men after radical prostatectomy. Urology 2005; 66: 392-
396.

61. Kuo HC. Videourodynamic analysis of pathophysiology of
men with both storage and voiding lower urinary tract symp-
toms. Urology 2007; 70: 272-6.

62. Kim SH, KimTB, Kim SW et al. Urodynamic findings of the
painful bladder syndrome/interstitial cystitis: a comparison
with idiopathic overactive bladder. J Urol 2009; 181: 2550-4.

63. Homma Y et al. Urodynamics. In: 2 nd International
Consultation on Incontinence, 2002 edition, pp. 346-347.
Paris: Health Publication Ltd, 2002.

64. Madersbacher H et al. Conservative management in neuro-
pathic urinary incontinence In: 2 nd International Consultation
on Incontinence, 2002 edition, pp 699-754. Paris: Health
Publication Ltd, 2002.

65. Schafer W, delaRosette JJMCH, Hofner K, et al. The ICS-
BPH study: pressure flow studies, quality control and initial
analysis. Neurourol Urodyn 1994; 13: 491-2.

66. Lewis P, Abrams P. Urodynamic protocol and central review
of data for clinical trials in lower urinary tract dysfunction.
BJU Int. 2000; 85 (Suppl 1): 20-30.

67. Lewis P, Howell S, Shepherd A, Abrams P. Urodynamic inter-
pretation. guidance not guesswork. 28th Annual Meeting of
the International Continence Society. Jerusalem, 1998. 

68. Nager C, Albo M, Fitzgerald M et al. A process for the devel-
opment of multicenter urodynamic studies. Urology 2007, 69.
63-68. 

69. Ellis-Jones J, Swithinbank L, Abrams P. The impact of formal
education and training on urodynamic practice in the United
Kingdom: A survey. Neurourol Urodyn 2006; 25: 406-10.

70. Sullivan J, Lewis P, Lowell S et al. Quality control in urody-
namics: a review of urodynamics traces from one center. BJU
Int 2003; 91: 201-207. 

71. Sriram R, Ojha H, Farrar D. An audit of urodynamic standard-
ization in the West Midland .UK. BrJU Int 2002; 90: 537-9.

72. Liao LM, Schafer W. Effects of retrospective quality control
on pressure-flow data with computer-based urodynamic sys-
tems from men with benign prostatic hyperplasia. Asian
Journal of Andrology 2007; 9: 771-780.

73. Leaper D, Horrocks J, Staniland J et al. Computer-assisted di-
agnosis of abdominal pain using “Estimates “provided by clin-
cians. BMJ 1972; 4.350-354.

74. Peldschus K, Herzog P, Wood S et al .Computer-aided diagno-
sis as a second reader. CHEST 2005; 128: 1517-1523.

75. Gilbert F, Astley S, Gillan M et al. Single reading with com-
puter – aided detection for screening mammography. NJM
2008; 359: 1675-1683.

76. Rossier A, Fam B, Di Benedetto M. Urodynamics in spinal
shock patients. J Urol 1979; 122: 783-87.

78. Hashiom H, Elhilali M, Bjerklund Johansen T et al. ARIB
3004 Pressure Flow Study Group. The immediate and 6-mo
reproducibility of pressure-flow studies in men with benign
prostatic enlargement. Eur Urol. 2007; 52: 1186-93. 

79. Ghezzi F, Serati M, Cromi A et al. Tension-free vaginal tape
for the treatment of urodynamic stress incontinence with in-
trinsic sphincteric deficiency. Int Urogynecol J Pelvic Floor
Dysfunct 2006; 17: 335-9.

80. Miller JJ, Botros SM, Akl MN, et al. Is transobturator tape as
effective as tension-free vaginal tape in patients with border-
line maximum urethral closure pressure? Am J Obstet
Gynecol 2006; 195: 1799-1804. 

81. Chen HY, Yeh LS, Chang WC, et a Analysis of risk factors as-
sociated with surgical failure of inside-out transobturator vagi-
nal tape for treating urodynamic stress incontinence. Int
Urogynecol J Pelvic Floor Dysfunct 2007; 18: 443-447.

82. Guerette NL, Bena JF, Davila GW. Transobturator slings for
stress incontinence: using urodynamic parameters to predict
outcomes. Int Urogynecol J Pelvic Floor Dysfunct 2008; 19:
97-102.

82. Yamaguchi O, Honda K, Nomiya M et al. Defining overactive
bladder as hypersensitivity. Neurourol Urodyn 2007; 26 (6
Suppl): 904-7.

83. Haylen BT, Chetty N, Logan V et al. Is sensory urgency part
of the same spectrum of bladder dysfunction as detrusor over-
activity? Int Urogynecol J Pelvic Floor Dysfunct 2007; 18:
123-8.

84. Flisser A, Walmsley K, Blaivas J. Urodynamic classification
of patients with symptoms of overactive bladder. J Urol 2003;
169: 529-33.

85. Dasgupta R, Kavia R, Fowler C. Cerebral mechanisms and
voiding function. BJU Int. 2007, 99: 731-34.

86. Nager, Albo, Fitzgerald. Process for development of multicen-
ter urodynamic study. Uology 2007; 69: 63-7.

87. Hermieu JF. Recommendations for the urodynamic examina-
tion in the investigation of non-neurological female urinary in-
continence Progr Urol 2007; 17 (Suppl 2) 1264-84.

88. Heesakkers JP. The role of urodynamics in the treatment of
lower urinary tract symptoms in women. Curr Opin Urol
2005; 15: 215-21.

89. Craggs MD. Objective measurement of bladder sensation: Use
of a new patient-activated device and response to neuromodu-
lation. BJU Int 2005; 96: 29-36.

89. Kortmann BB, Sonke GS, Wijkstra H, et al. Intra- and inter-in-
vestigator variation in the analysis of pressure-flow studies in
men with lower urinary tract symptoms. Neurourol Urodyn
2000; 19: 221-32.

90. Winters J. Urodynamics in 2009. Utilization, education and
best practices. Are they aligned? ICS 39th Annual Meeting, S.
Francisco, 2009.

Correspondence to: 

Dr. GIANCARLO VIGNOLI
Via S. Giorgio 3, 40121 Bologna, Italy
Email: vignoli.g@tiscali.it
phone: + 39 051223205

48

Giancarlo Vignoli, Massimo Protopapa


