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Preface

Urodynamic evaluation of the incontinent female has come of age. It is no longer accept-
able to subject women to surgical procedures for urinary incontinence based solely on the
physician’s clinical impression of the cause of the urine loss. Multiple studies in the uro-
gynecological literature have told us that the error rate for stress incontinence is about
25% and the error rate for the unstable bladder is 50% when these diagnoses are based
solely on historical data obtained from the patient. Unfortunately the patient is a poor
witness to her bladder’s activities and diagnoses arrived at without further evaluation are
subject to error. Urodynamic testing allows the establishment of precise diagnoses using
procedures that have been proven to be accurate.

For the physician who has not had the opportunity to have fellowship training, the uro-
dynamic tracing is sometimes more of a mystery than a diagnostic aid. Physician training
in the reading of urodynamic tracings is limited to piecing together information from the
literature, textbooks and postgraduate courses. Unfortunately none of these sources can
provide the experience necessary to become an expert in the interpretation of the physio-
logical and pathophysiological events depicted on the tracing. Artifacts occur commonly
and may lead to misinterpretation of these events and even misdiagnosis if the reader of
the tracing is not careful and fully informed on the nuances of the testing procedures. This
is why this text was conceived as an atlas of urodynamic testing procedures. It embodies a
comprehensive reference source, not only for normal events but also for those abnormali-
ties which form the backbone of urodynamic diagnoses. Artifacts are depicted extensively
in relation to concurrent urodynamic events in order to show how they may confuse the
physician and his/her interpretation of the pathophysiological events depicted thereon.

This atlas should be of great aid to those laboratories where urodynamic technicians
are employed to actually perform the studies. Unless the technician is equally as well
informed as the physician, artifacts will not be recognized and the physician who reads
the tracing may not even recognize the potential existence of an artifact. It is incumbent
upon the physician to maintain constant communication with the technician in order to
make the best possible use of the testing process and to allow accurate interpretation. This
text will allow the physician more fully to train the technician to minimize this type of
interpretive error.

The authors of this atlas hope that the reading of urodynamic tracings will be simplified
through this study and that common errors in the interpretive process may be avoided
through a more thorough understanding of the process of urodynamic testing.
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Section I

Routine Office Evaluation



Chapter 1

The Female Urologic History

In most medical conditions, a detailed history will
help to establish the underlying diagnosis in the
vast majority of patients. In addition, a careful
history will often suggest how to treat the patient.
Unfortunately, a urologic history is not as helpful
in determining the underlying diagnosis. Work in
our laboratory and others has demonstrated that
the urologic history is less than 60% accurate in
establishing the underlying cause of urinary
incontinence. Many urinary tract symptoms are
non-specific and overlapping. There are no truly
pathognomonic symptoms. For example, urgency,
frequency and dysuria are the hallmarks of lower
urinary tract infections. However, many women
with these same symptoms may have the urethral
syndrome and no detectable urinary infection. In
addition, frequency and urgency may signify
uninhibited detrusor contractions rather than
inflammation or infection. Although a detailed
history is necessary, it should never be considered
diagnostic. Operating or initiating therapy on the
basis of the urologic history alone will lead to a
high incidence of failure.

However, a detailed urologic history will guide
the clinician in the performance of appropriate
testing to determine the underlying diagnosis.
Some have suggested that premenopausal women
with complaints of only stress incontinence in the
absence of urgency, frequency and nocturia,
almost always have genuine stress incontinence.
Such a history, with evidence of urethral hyper-
mobility on physical examination, documented
urinary leakage and a negative simple cystometry
study may be all that is necessary before
treatment is initiated. However, patients who
complain of urgency, frequency, nocturia and
stress incontinence need a more detailed workup
including endoscopy and possibly multichannel
urodynamic investigation.

It is also important to recognize that many
urinary symptoms may arise from non-urologic
and non-neurologic disease processes. Diabetes,
thyroid disease, psychiatric disorders and conges-
tive heart disease may all cause urinary symptoma-
tology in the absence of lower urinary tract disease.
For this reason, review of the patient’s past medical
history and symptoms is crucial. In addition, it is
important to obtain a thorough drug usage and
allergy history from the patient. Parasympatholytic
drugs and alpha-adrenergic drugs will tend to
promote urinary retention, whereas parasympath-
omimetic and alpha-adrenolytic drugs may cause
urgency and urine loss. Numerous other types of
medications may also have profound effects on the
lower urinary tract.

We routinely obtain a detailed history from the
patient by asking her to fill out a programmed
history questionnaire before coming to her first
visit. These forms are found in Appendix C. A
programmed history avoids the majority of errors
inherent in the history-taking process. Because the
questions are detailed, little information is missed.
It also allows the patient to take the time to
review information from medical records at home
and also to obtain a detailed family medical
history. The history questionnaire reviews topics
such as prior urologic treatment, prior urologic
disease, family medical history, prior surgery and
the details of the patient’s current urologic
problem. This programmed history form is then
rapidly reviewed by the physician before the
patient is seen. Confirmation of pertinent posi-
tives is then used to initiate a detailed description
of the patient’s current symptomatology. At each
visit, a review of the patient’s symptoms is made.
This allows the physician to assess not only how
the patient is feeling, but how she is progressing
with her current treatment course.
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Chapter 2
Voiding Diaries

Voiding diaries are a simple way to ascertain the
true frequency of a patient’s voiding. We routinely
ask new patients to record the volumes they drink
and void, with the times of these events for a
24-48 h period. In addition, we also ask them to
chart if any urine was lost during this period of
evaluation and if it was associated with urgency.
Comparing these objective results with a
patient’s symptoms of frequency often reveals
that the patient has over estimated her urinary
frequency. It may also reveal the patient who
voids with abnormal frequency during the day
but who sleeps all night. This may indicate a psy-
chogenic origin of her urinary tract symptoms (i.e.
sensory urgency). In addition, a voiding history
may help reveal a problem with psychogenic
water intoxication or diabetes insipidus. It may
also demonstrate patterns of urine loss associated
with different periods during the day. Such a
pattern is frequently seen in patients with un-
stable bladders who are taking diuretics in the
morning. Their urine loss is commonly found
during the hours before noon and will resolve in
the afternoon. Such a record may help us adjust a
patient’s anticholinergic therapy to match her
urinary incontinence history. Knowledge of the
patient’s normal voiding intervals may be used to

alter these intervals if behavior modification is
selected for therapy. Timed voiding, used in the
treatment of detrusor instability (Appendix A),
should initially be done more frequently than the
patient’s routine interval.

Others have suggested that knowledge of the
patient’s voided volume and frequency may help
to establish the presence or absence of unstable
bladder contractions. We have been unable to
confirm the accuracy of this in our laboratory, but
find voiding diaries helpful in objectively corrob-
orating the patient’s history and establishing the
patient’s normal voiding interval. The form used
for patient recording of her voiding diary may be
found in Appendix C.

Bibliography
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Chapter 3

Uroflowmetry in the Female

3.1 Normal Uroflowmetry
(Genuine Stress Incontinence)

Uroflowmetry is the study of voiding velocity.
This can be measured eloquently with electronic
uroflowmetry as demonstrated in Fig. 3.1, or can
be measured simply by using a stopwatch to time
the patient’s voiding effort and calculating a mean
flow rate when the volume is measured. However,
since uroflowmetry is usually used to determine
obstructive voiding, mean flow rates do not have
as much significance as maximal flow rates.

Fig. 3.1, demonstrates a uroflowmetry study
from a 21-year-old primipara with genuine stress
incontinence. This uroflow is a normal study.
The curve is bell shaped with a peak flow rate
>25 ml/s and a total flow time <20 s. The peak
flow rate is reached in <10 s and there is no resid-
ual urine. These factors define a normal
uroflowmetry study. Normal parameters for
uroflowmetry have been described elsewhere in
the literature and are volume dependent.

An important calculation in uroflowmetry
which is not demonstrated here, is the residual
urine. Many define normal residuals as <30 ml,
whereas others choose a cut off of 50 ml.
Residuals must be evaluated in relationship to the
volume voided. A residual of 30 ml after a void of
45 ml is not normal. However, the same residual
might be reasonable after a patient voided 500 ml
of urine.

Uroflowmetry in the female has not been
shown to be diagnostic for specific disorders.
Uroflowmetry in the male patient may demon-
strate an obstructive outflow problem, but in the

female, physical obstruction to flow is unlikely.
More often, an abnormal uroflow will indicate
a functional obstruction. For this reason,
uroflowmetry in the female should be looked
upon as an adjunctive or screening test which
when viewed with other data may suggest the
need for further evaluation. Uroflowmetry cannot
be used independently in the female to make a
diagnosis of the underlying etiology of urinary
retention nor of incontinence. Uroflowmetry is
also suspect, because of problems with reproduce-
ability of the test for an individual patient.
Uroflowmetry is highly volume dependent and
peak flow rates will increase as the volume
voided rises in normal women. For this reason,
uroflowmetry studies with volumes less than
150 ml are often misleading and should be
repeated.

3.2 Normal Uroflowmetry
(Detrusor Instability)

Fig. 3.2 demonstrates a normal uroflow curve,
which is not qualitatively different from the curve
seen in Fig. 3.1. This patient is a 32-year-old G, P,
female who has detrusor instability. Again, in this
figure, there is a bell-shaped curve with a
maximal flow rate >25ml/s and a time to peak
flow <10 s. In comparison to Fig. 3.1, there is both
a higher peak and average flow rate. This is most
likely due to the higher total volume voided.
Again, there is minimal residual urine. Although
the underlying diagnosis is different in these two
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patients (Figs. 3.1 and 3.2), the uroflow patterns
take on the same appearance. This underscores
the inability of uroflowmetry to diagnose the eti-
ology of urinary incontinence. However, this
patient’s problem was not voiding dysfunction,
but rather a dysfunction of the storage phase.
Whereas uroflowmetry was not diagnostic in this
patient with a normal study, it may be helpful in
those patients who do have voiding dysfunction.

3.3 Abnormal Uroflowmetry
(Valsalva Voiding)

In contrast to the previous normal studies, the
patient shown in Fig. 3.3 does not have a bell-
shaped uroflow curve. Instead, she has an inter-
mittent flow or roller coaster-type pattern. She is a
54-year-old G; P5 female who has genuine stress
incontinence and a low pressure urethra (Chapter
29). In addition to the abnormal shape of this
curve, the flow time is also prolonged (33 s).
However, the patient has a normal peak flow rate
of 34 ml/s and a normal time to peak flow. This
patient is able to generate a normal peak flow rate
in the absence of a detrusor contraction due to her
low urethral resistance. On urethral closure pres-
sure profile studies, the patient was demonstrated
to have a low pressure urethra (CP < 20 cmH,0).
This patient’s residual urine is also mildly ele-
vated (50 ml). This uroflow would be described as
both intermittent and retentive despite the normal
peak flow rate.

Valsalva voiding in the female is capable of gen-
erating normal maximal flow rates. These can be
achieved in the female because of the relatively
short urethra. A short urethra with reduced outlet
resistance can be overcome by large intravesical
pressures that occur during Valsalva. This over-
whelms the reflex contraction of the pelvic floor
and periurethral striated muscles that occurs
during Valsalva. The uroflow curve is typically
one of peaks and valleys, not unlike that of a
roller coaster. Valsalva voiding is frequently asso-
ciated with an elevated residual urine due to the
underlying physiologic “dyssynergic” process of
reflex pelvic floor contraction with Valsalva.
Double voiding may be useful in patients who
have elevated residual urine and void by
Valsalva. In some women, we are able to alter
their voiding mechanism by encouraging them to
avoid Valsalva. By avoiding Valsalva, many can
alter their voiding mechanisms and void by ure-
thral relaxation alone or in association with a

detrusor contraction. This is especially important
in women who are to undergo surgery for
genuine stress incontinence. Retropubic ure-
thropexies are known to increase urethral resist-
ance by mechanical means. The goal of this
surgery is to avoid urine loss during increases
in intra-abdominal pressure (i.e. Valsalva).
Obviously, attempts to void with Valsalva will be
relatively unsuccessful after such surgery. In
patients who have retropubic suburethral sling
procedures, Valsalva voiding almost always leads
to elevated residuals during the postoperative
period. Therefore, it is important to consider
the patient’s voiding pattern before surgery.
Uroflowmetry or uroflowmetry combined with
voiding pressure studies are helpful in counseling
patients before incontinence surgery.

Many females who void by Valsalva, can switch
to other voiding mechanisms when counseled
properly. Sometimes, education is all that is neces-
sary. Other patients require biofeedback during
voiding efforts to avoid this. A simple method,
suggested to us by a patient, is to have the patient
void while blowing bubbles with a straw into a
glass of water. By doing this, patients do not
increase their abdominal pressure during voiding.

3.4 Abnormal Obstructive
Uroflowmetry (Detrusor
Sphincter Dyssynergia)

The patient in Fig. 3.4 is a 35-year-old primipara
with multiple sclerosis who has detrusor
hyperreflexia and detrusor sphincter dyssynergia.
The patient is incontinent and also has problems
with urinary retention and recurrent urinary tract
infections. In contrast to the previously noted
uroflowmetry studies, this uroflow demonstrates
a low peak flow rate (12 ml/s), a prolonged flow
time (61 s) and a reduced average flow rate. In
addition, the patient has an elevated residual
urine (150 ml). Voiding pressure studies with
EMG demonstrated that this patient voids with a
dyssynergic pattern. Instead of undergoing coor-
dinated urethral relaxation followed by a detrusor
contraction, this patient has concurrent detrusor
and urethral contractions. Dyssynergic voiders
typically have obstructive uroflows with pro-
longed flow times, intermittent flow patterns,
decreased peak flow rates and increased urinary
residuals. A markedly abnormal uroflow like
this may suggest some underlying pathology.
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10 Urodynamics and the Evaluation of Female Incontinence

Although this study is not diagnostic of detrusor
sphincter dyssynergia, it clearly indicates the need
for more sophisticated studies.

Detrusor sphincter dyssynergia is usually a
problem of neurologically abnormal patients with
“upper motor neuron” lesions. However, in some
patients who are neurologically normal, we theor-
ize that dysfunctional voiding (concurrent detru-
sor and urethral contractions in neurologically
normal patients) represents habituation of a con-
tinuous process of trying to avoid urinary inconti-
nence associated with detrusor instability. During
involuntary detrusor contractions urine is forced
into the proximal urethra. The patient then volun-
tarily attempts to squeeze her pelvic floor muscu-
lature in an effort to milk this urine back into the
bladder. Frequently these efforts are successful in
preventing urinary incontinence. Repetitive con-
traction of the pelvic floor musculature in
response to urine in the proximal urethra might
theoretically lead to habituation of this response.
Such an abnormal response may lead to a dys-
functional voiding pattern by interrupting normal
voiding reflexes. It is theorized that during
voiding, urine in the proximal urethra leads to
urethral relaxation and further augmentation of
the detrusor contraction. Although these argu-
ments are theoretical, they may help to explain

why some neurologically normal women with
detrusor instability end up being dyssynergic
voiders. If this theory is true, one would expect
that treatment of the underlying detrusor instabil-
ity would eventually correct the detrusor sphinc-
ter dyssynergia. This can be accomplished in
some individuals.
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Chapter 4

The Lumbosacral Neurologic Examination

It is important to establish whether the patient’s
urinary symptomatology is due to underlying
neurologic disease. Patients with underlying
neurologic disease may not be amenable to certain
therapies. In order to rule out a neurologic etiol-
ogy in the otherwise apparently normal patient,
one needs to do a careful screening neurologic
exam. This neurologic exam involves testing the
lumbosacral nerve roots, with regards to sensa-
tion, motor function and reflexes. Sacral cord
segments S, to S; contain the most important
neurons involved with micturition, however, the
sympathetic nervous system (originating from T,
to L,) also significantly influences both the storage
and voiding phases. A clinical screening examina-
tion aimed at discovering abnormalities is out-
lined below. Neurologic consultation may be
necessary when the exam is abnormal.

Initially, the sensory dermatomes from L, to S,
are evaluated by pinprick testing around the knee.
As can be seen in Fig. 4.1, this allows for complete
sensory evaluation of these dermatomes. Next,
motor function is tested. Fig. 4.2 demonstrates
testing L3-S, with knee extension and flexion. L, 5
can be tested by hip extension and flexion. Ankle
abduction and adduction are used to test L-S;.
Flexion and extension of the ankle will also test
these same nerve roots. Deep tendon reflexes are
also tested in the lower extremities, as is the
Babinski reflex. The bulbocavernosus and clitoral
reflexes, as shown in Fig. 4.3, are used to evaluate
S, 5. Anal tone may be directly tested at the time

of pelvic examination. The bulbocavernosus reflex
involves stroking the labia majum which causes
contraction of the pelvic floor and anal sphincter.
The clitoral reflex is elicited by gently tapping on
the clitoris which leads to a pelvic floor contrac-
tion. A similar reflex may be evoked by coughing
or touching the transitional epithelium of the
lower urinary tract. If these reflexes are intact,
they confirm the integrity of Ls—Ss.

When clinical assessment with this simple
neurologic examination reveals abnormalities, the
patient should be referred for more complete
neurologic testing. In the majority of patients
where this examination is normal, the assumption
may be made that the patient’s problem is non-
neurologic. However, experimental work with
evoked potentials and nerve conduction velocities
suggests that this may be an oversimplification.
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Fig. 4.1. Lumbosacral sensory dermatomes. Reprinted by permission
of the author and Williams & Wikins, Baltimore. From Ostergard,
D.R., Bent, A.E. (Eds.) Urogynecology and Urodynamics: Theory
and Practice, Third Edition, 1991
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Fig. 4.2. Lumbosacral motor testing. Reprinted by permission of the author and Williams & Wilkins, Baltimore. From
Ostergard, D.R., Bent, A.E. (Eds.) Urogynecology and Urodynamics: Theory and Practice, Third Edition, 1991

Fig. 4.3. Bulbocavernosus (A) and clitoral (B) sacral reflexes. Reprinted by permission of the author and Williams &
Wilkins, Baltimore. From Ostergard, D.R., Bent, A.E. (Eds.) Urogynecology and Urodynamics: Theory and Practice, Third
Edition, 1991



Chapter 5

The Gynecologic Pelvic Examination

All incontinent patients should undergo a
complete gynecologic pelvic examination. Care is
taken to examine the estrogenic condition of the
vulva and vagina and the structural integrity of
these organs. Decreased estrogen effect found on
examination of the lower genital tract directly
parallels the changes seen in the urethra on cyto-
logic examination. Such estrogen deficit may have
a profound effect on lower urinary tract function.
In addition, observations are made of any pelvic
relaxation that may be present. The anterior,
posterior and apical vaginal walls are all exam-
ined for prolapse. These can be examined inde-
pendently by the use of a Sims speculum or the
posterior blade of a bivalve speculum to isolate
first the anterior and then the posterior wall of the
vagina. Central and paravaginal defects may be
analyzed. The degree of prolapse and its effect on
the voiding and storage phases may be evaluated
with “pessary testing” as discussed in Chapter 34.
Bimanual examination allows for further
confirmation of vaginal wall prolapse and the rec-
tovaginal examination is used to help identify the
presence or absence of an enterocele. Speculum
examination also allows the observer to look for
fistulae. If there is a suspicion of vesicovaginal
fistula, dye or sterile milk may be placed in the
bladder and observations made for extrusion of
this media into the vaginal cavity. The patient can
also be evaluated after walking around with a
tampon or cotton pack placed in the vagina to see
if there is any leakage of dye into the upper
vaginal vault at the top of the pack. This will help
differentiate between urethral leakage and
leakage from a vesicovaginal fistula. Cervical or
vaginal cytology may also be evaluated at this
time. All women undergoing this evaluation

should also have a rectovaginal examination
looking for rectal pathology and the presence of
any blood on hemoccult or guaiac screening. Anal
incontinence and dysfunction should be sought
out and evaluated where indicated. Fecal inconti-
nence may be found in as many as one-third to
one-half of all patients with urinary incontinence.

It is also important to look for anatomic
abnormalities which could lead to abnormal
voiding or recurrent infection. Women with
relative hypospadias may notice post-void drib-
bling because of pooling of urine within the
vaginal vault. Other women are noted to have
urethral hymenal fusion and on testing may be
shown to have relative hypospadias during simu-
lation of intromission. Patients with relative
hypospadias and urethral hymenal fusion may
have coitally related bacteriuria leading to recur-
rent urinary tract infection or dyspareunia. Some
patients may need to undergo a urethroplasty
(modified O'Donnell procedure) with or without
a perineoplasty if antibiotic suppression does not
relieve their recurrent urinary tract problems
or conservative therapy does not relieve dys-
pareunia. Vaginal examination may also help in
the identification of a urethral diverticulum.
Compression of a protruding vaginal bulge may
lead to a urethral discharge from the meatus
suggesting the presence of a urethral diverticulum
or a Skene’s duct cyst.
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Chapter 6
The Q-tip Test

The Q-tip test is a simple clinical test used to
evaluate urethral mobility. Fig. 6.1 shows an intra-
operative example of the test as it is being used to
estimate the relative position of the urethrovesical
junction during a modified Pereyra procedure.
The Q-tip test is performed by placing a sterile
Q-tip applicator, which has been moistened with
2% xylocaine jelly, into the urethra. It is inserted
gently until there is no further resistance, suggest-
ing that the Q-tip has entered the bladder. The
applicator is slowly withdrawn until it is felt to
pull snugly up against the urethrovesical junction.
This is followed by measurements of the resting
angle of the Q-tip in relation to the horizontal
with a compass or goniometer with an attached
carpenter’s level. The patient is then asked to
repetitively Valsalva and cough until the maximal
deflection is measured during an increase in intra-
abdominal pressure. Although not well estab-
lished in the literature, we assume that a normal
Q-tip angle should be -10° to -30° at rest and
should rise to no more than +30° during straining.
Straining angles greater than +30° suggest that
there is urethral hypermobility. Straining Q-tip
angles greater than +30° suggest a descent of the
urethrovesical junction of 1-1.5 cm which could
potentially be corrected by surgery. Because the
urethral meatus is fixed to the skin and will not
move, movement of the Q-tip upward during
Valsalva or coughing implies descent of the ure-
throvesical junction. Although the Q-tip test does
not allow for a direct measurement of prolapse
posteriorly away from the pubic symphysis, it

does allow for indirect measurement of descent
below the symphysis.

The Q-tip test, initially described by Crystle et
al. (1971) was shown to reproduce accurately the
results obtained by a bead chain cystourethro-
gram. Contrary to some reports in the literature,
the Q-tip test is not meant to be diagnostic of
stress incontinence. Indeed, it is well established
that the Q-tip test is a non-specific, but fairly sensi-
tive test used in the diagnosis of genuine stress
incontinence. We use it as a negative test to indi-
cate the need for further testing in those patients
felt to have genuine stress incontinence who do

Fig. 6.1. Intraoperative Q-tip testing. Reprinted by permission of
the author and Williams & Wilkins, Baltimore. From Ostergard,
D.R., Bent, A.E. (Eds.) Urogynecology and Urodynamics: Theory
and Practice, Third Edition, 1991



not have a positive Q-tip test (straining deflection
<+30° from the horizontal). In these patients we
are suspicious that retropubic urethropexy, which
attempts to elevate the urethrovesical junction,
may not be successful. If the urethrovesical junc-
tion is already elevated as demonstrated by a neg-
ative Q-tip test, then consideration must be given
to some other pathophysiology which has not yet
been identified to explain the patient’s inconti-
nence. Patients with rigid, fixed urethras or Type
III incontinence (Chapter 53) may have negative
Q-tip tests, yet lose large amounts of urine in the
absence of detrusor contractions. Patients who
have negative Q-tip tests, therefore, may warrant
further radiographic analysis of their lower
urinary tract.

We have also used the Q-tip test intraopera-
tively to demonstrate adequate elevation of the
urethrovesical junction at the time of retropubic
urethropexy, suburethral sling or needle suspen-
sion procedures. This is demonstrated in Fig. 6.1,
where elevation of the modified Pereyra sutures
leads to a decrease in the straining deflection of
the Q-tip.
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It is important to remember that the Q-tip test
should not be used to establish the presence or
absence of genuine stress incontinence. Instead it
is used as a simple, safe and inexpensive substi-
tute for the bead chain cystourethrogram and
other radiographic measures of urethral mobility.
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Chapter 7
Urethral Calibration

Urethral calibration or measurement of the ure-
thral diameter may be useful in women with irri-
tative voiding symptoms (urgency, frequency,
dysuria and post-void fullness) who are being
evaluated for urinary incontinence. Some of these
women may be found to have voiding dysfunc-
tion, the urethral syndrome or sensory urge incon-
tinence. These disorders in women are usually
associated with functional rather than physical
obstruction. Hole (1972) showed that the urethral
caliber in women with the urethral syndrome was
no different from that of controls. However, it is
important to rule out true urethral stenosis as a
cause of obstructive voiding or detrusor overac-
tivity. Relative urethral stenosis associated with
atrophic urethritis or the urethral syndrome is not
uncommon. Women who have urethral stenosis
and suffer from voiding dysfunction, urge inconti-
nence or the urethral syndrome may benefit from
dilatation.

Urethral calibration is accomplished using
Walthard female dilators. Calibration is done with
topical anesthesia using 2% xylocaine jelly or a
bladder pillar block if topical anesthesia is inade-
quate. Progressively larger dilators are used until
blanching is seen around the urethral meatus or

resistance to passage of the dilator is encountered
in the proximal urethra. Urethral caliber is estab-
lished as the largest dilator that could be passed
without blanching or obvious proximal resistance.
Urethral calibration may be done as a clean proce-
dure and patients are given prophylactic antibi-
otics after evaluation. Calibration may be
associated with a small amount of pain and bleed-
ing as the largest calibrating dilator is passed. This
will usually resolve spontaneously, but where per-
sistent bleeding is noted a smaller dilator may be
placed intraurethrally with or without transvagi-
nal compression to gain hemostasis.

Bibliography

Farrar DJ, Whiteside CG, Osborne JD et al: A urodynamic
analysis of micturition symptoms in the female. Surg
Gynecol Obstet 141:875, 1975.

Gustenberg TC, Lykkegaard Nielsen M, Lindberg J:
Spastic striated external sphincter syndrome imitating
recurrent urinary tract infection in females. Eur Urol
9:87, 1983.

Hole R: The caliber of the adult female urethra. Br ] Urol
44:68, 1972.



Chapter 8
Stress Testing

Stress testing is essential to the diagnosis of
genuine stress incontinence. Urinary incontinence
is defined by the International Continence Society
(ICS) as a condition where there is involuntary
leakage of urine that is objectively demonstrable
and represents a social and hygienic problem.
Before any patient can be said to be incontinent
there needs to be some objective demonstration of
this urinary loss.

One of the simplest means of demonstrating
urinary leakage in the patient complaining of
stress incontinence is to fill their bladder to their
maximum cystometric capacity (the point at
which they can no longer tolerate any more
bladder filling) and then, after the removal of the
filling catheter, have them cough and Valsalva
repetitively. If this does not cause urinary leakage
the patient is asked to either jump up and down,
do deep knee bends or lift objects off the floor. If
these exercises do not result in urinary leakage we
ask the patient to suggest what might reproduce
her urinary leakage. Any urinary leakage during
this testing is documented as a positive stress test.
Stress testing may be positive in the patient with
genuine stress incontinence, but also may be posi-
tive in patients who have stress-induced detrusor
overactivity. Therefore, it cannot be used accu-
rately as a discriminative tool but merely as an

indicator of whether patients have urinary incon-
tinence. Typically, urinary leakage that is coinci-
dent with increased intra-abdominal pressure and
stops as soon as the increased intra-abdominal
pressure stops is usually due to genuine stress
incontinence. Negative stress testing does not
necessarily rule out the presence of urinary incon-
tinence and may need to be augmented by pad
tests as described in Chapter 9.

Stress testing may be done in a number of dif-
ferent positions. The more upright the position,
the more stressful it will be on the patient and the
more sensitive the test. For this reason we rou-
tinely use standing stress testing in all patients.
Comparisons between supine and standing
results may help to assess the relative severity of
the urinary leakage.
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Chapter 9
Pad Testing

Pad testing is a method which allows for the
quantification of urinary leakage and is useful for
monitoring a therapeutic effect during a clinical
trial. Pad testing may also be useful to document
urinary incontinence when it is not discovered on
clinical or urodynamic evaluation. Up to 10% of
all patients undergoing a urodynamic evaluation
may fail to leak urine during testing in the office
despite complaints of urinary incontinence in
their normal environment. Pad testing may help
to document this urinary leakage either in the
office or in the patient’s home setting. There are
several pad tests that have been described in the
medical literature ranging from short 20 min tests
to 24 or 48 h home pad tests which attempt to
reproduce the amount of urinary leakage occur-
ring during the patient’s normal activities. Fig. 9.1
shows a time line representation of the ICS
approved one hour pad test which is described in
greater detail in Appendix B. Pad tests all basi-
cally operate by measuring the differential change
in weight of some pad or collecting device which
is worn over a given period of time during which
the patient is performing either their normal
routine activities or a set series of activities, such
as that listed in Fig. 9.1 The pad or collecting
device is weighed before being applied to the
patient’s perineum and then is weighed at the end
of the study. If the difference in weight is greater
than 1 g after a one hour pad test, most authors
would agree that this is probably a representation
of the volume of urine lost. False positive pad
tests may occur from excessive perspiration or
vaginal discharge. However, most studies have
shown that the volume of these secretions is
usually less than 1 ml per hour and would not
increase the weight of the pad by more than 1 g.

Use of urinary dyes such as pyridium, have not
been shown to improve the accuracy of pad
testing.

Fig. 9.1 describes a one hour standard pad test
where the patient drinks 500 ml of liquid at the
beginning of the study. This is done after the
patient has emptied her bladder and a diuresis is
allowed to occur over the next 30 min. At that
time the patient starts the activities listed at the 30
min point. Sometimes these activities may be
impossible for patients with arthritis, advanced
age or limited mobility. For this reason the pad
test may need to be modified and this should be
noted in the patient’s record.

In our laboratory we use a 20 min modified pad
test where sterile water is instilled directly into an
empty bladder with a catheter rather than relying
on a variable diuresis for a half hour at the begin-
ning of the test. Following this bladder instillation
the patient is put through a set series of exercises
quite similar to the one hour pad test (Fig. 9.2).
They are asked to cough hard in the standing
position 10 times in a row, Valsalva 10 times in a
row, followed by 10 deep knee bends and then
jumping in place 10 times. The patient is then
asked to wash her hands in warm water for 1 min
followed by walking up and down five flights of
stairs. After this, the patient walks in the hall for
10 min and then returns, removes her pad and
places it in a sealable bag in which it was orig-
inally weighed. It is then re-weighed. This allows
for rapid and accurate assessment of urinary loss
in patients undergoing therapeutic trials. Patients
who fail to demonstrate urinary leakage during a
standard urodynamic evaluation may undergo a
20 min pad test at the end of the evaluation or be
given a set of 12 pads and asked to do a 12 hour
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Test begins
. Apply preweighed collecting device
O minute =1 Subject drinks 500cc liquid

Subject sits and rests

15 minute ————

30 minute —f+—— Walking and stair climbing
Sit/stand x 10
Cough x 10

. S Run in place x 1 minute

45 minute Activities Pick up objects from floor

‘Wash hands

. Collecting device removed
60 minute Urine loss determined by weighing pad
Patient voids/volume measured

Fig. 9.1. ICS one hour pad test. Reprinted by permission of the author and Williams & Wilkins,
Baltimore. From Ostergard, D.R., Bent, A.E. (Eds.) Urogynecology and Urodynamics: Theory and
Practice, Third Edition, 1991
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MODIFIED 20-MINUTE PAD TEST

This 20-minute pad test is being done to assess the patient’s progress with her
therapy. It provides Dr. Sand and his coworkers with objective evidence of how much
urinary leakage you are currently having. It is important that the test be performed
in a standardized fashion at all times. For this reason you will be asked to cooperate
with specific instructions listed below during the 20 minutes of the test. The
following is an exact list of the procedures which will occur during the 20-minute pad

test.

1. The patient’s bladder will be emptied with a transurethral catheter and then
filled to a bladder volume of 250cc. If this volume cannot be obtained because
of uninhibited detrusor contractions the filling volume will be noted and the test
will proceed at this lower volume.

2, The catheter will then be removed and the patient will return to the standing
position and a preweighed perineal pad will be placed inside the underwear of
the patient.

3. The patient will cough (hard) 10 times in a row.

4. The patient will bear down like she is trying to move her bowels 10 times in a
row.

5. The patient will do 10 deep knee bends.

6. The patient will jump up and down in place 10 times.

7. The patient will wash her hands under warm water for one minute and then dry
her hands.

8. The patient will walk up and down a half flight of stairs (5 stairs) 10 times.

9. At this point the patient will be asked to walk in the halls for 10 minutes and

then return and remove the pad.

10. The pad will then be weighed in its Ziploc bag and the wet weight subtracted
from the original dry weight to achieve a measure of the total urine loss during
the 20-minute exercise. The patient will be informed of this result and the test
will end at this point.

Fig. 9.2. Twenty minute fixed volume pad test.



home pad test. During this 12 hour pad test they
change their pads every hour during their
wakeful day while doing their normal activities.
The preweighed pads are then replaced into their
original resealable bags and placed in a refriger-
ated area prior to being returned to the laboratory
for weighing the following day. A weight increase
greater than 1 g per hour may then be interpreted
to be representative of urinary leakage. Such pad
testing has been demonstrated to correlate well
with shorter one hour or two hour pad tests.
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Section II

Cystourethroscopy and Cystometry



Chapter 10
Dynamic Urethroscopy

Dynamic urethroscopy, using the Robertson ure-
throscope, allows the investigator not only to look
at the condition of the uroepithelium, but also to
observe the dynamic function of the urethral
sphincteric unit. The urethroscope, utilizing a 0°
lens, allows the investigator to examine the
urethra in its natural state as the urethroscope is
first inserted. On inspection, the urethral mucosa
may be noted to be inflamed and hyperemic in a
woman with frequency and dysuria or may be
pale and atrophic in the postmenopausal woman.
Excessive exudate or glandular secretions may be
noted within the lumen of the urethra. Cysts,
pseudopolyps, inflammatory fronds and condylo-
mata may also be found in the urethra and on the
trigone. With insertion of the scope, the examiner
carefully checks the distal urethra for any of these
findings. Then the mid urethra and upper urethra
are systematically examined and findings noted
on a programmed form (Appendix C). Following
this, the urethrovesical junction and bladder
trigone are examined. Then the operator examines
both ureteral orifices as well as the interureteric
ridge. Observation of normal ureteral ejaculation
of urine and retraction is made and the position
and configuration of the ureteral orifices noted.
Following inspection of the urethra and trigone,
the operator withdraws the urethroscope into the
proximal urethra so that the urethrovesical junc-
tion is 50% open. The patient is then asked to
squeeze her rectum tight. The examiner should
then normally observe closure of the urethrovesi-
cal junction in front of the scope. The operator
notes whether rectal squeeze leads to total
closure, partial closure, no change or opening of
the urethrovesical junction. One must be sure the
patient understands the request and that the

scope does not move relatively forward with
downward motion of the patient’s perineum.
Forward motion of the scope may lead to artifac-
tual funneling of the urethra. This is a common
problem when the examiner first begins to do ure-
throscopy. Following this, the examiner asks the
patient to squeeze the urethra closed, as if she
were trying to stop urine from leaking out. Once
again, closure, partial closure, no change or
opening of the urethrovesical junction is noted.
The examiner then notes the same changes in
response to Valsalva and coughing. The normal
response is closure of the urethrovesical junction
in response to rectal squeeze, urethral squeeze,
Valsalva and coughing. In patients with ure-
throvesical junction descent, the scope will tend to
move forward into the bladder as the urethrovesi-
cal junction rotates posteriorly. In an effort to
avoid artifactual opening of the urethrovesical
junction, the examiner must change the angle of
inclination of the scope to meet the downward
deflection of the urethrovesical junction. At the
same time, the scope may be withdrawn into the
mid urethra to be sure there is funneling and
opening along the entire proximal urethra in the
stress incontinent patient. This mobility of the
urethrovesical junction, as well as relative motion
of the patient’s perineum relative to the examiner
and the urethroscope, makes dynamic ure-
throscopy a challenging procedure. Typically, this
examination is accomplished in the supine posi-
tion. One group found that supine dynamic
urethroscopy had a sensitivity of only 60% with a
specificity of 79% in diagnosing genuine stress
incontinence. However, with the use of a teaching
scope or endoscopic camera, one may perform
this examination in the sitting upright and stand-
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ing positions. The most informative and difficult
way to perform this examination is to do it in the
standing position.

Dynamic urethroscopy theoretically offers the
examiner a direct view of the underlying pathol-
ogy involved in genuine stress incontinence. But,
because of the relative difficulty in performing
this accurately, this test may have limited applica-
tion for many examiners.
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Chapter 11

Supine Urethroscopic Cystometry

Cystometry is the measurement of the intravesical
pressure-volume relationship during filling of the
bladder with a distending medium. It allows one
to assess the compliance, control, sensation and
capacity of the bladder. The distending medium
may be sterile water, saline, carbon dioxide or
urine. Normal cystometry is defined as the ability
to fill the bladder to a normal maximum cystomet-
ric capacity in the absence of any involuntary
detrusor contractions or voluntary uninhibited
contractions. Previously a pressure rise greater
than 15 cmH,O was also considered a measure of
detrusor instability (abnormal cystometrogram)
but the International Continence Society no longer
includes this measure as a necessary part of the
definition. However, pressure rises of >15 cmH,0O
still indicate an abnormality of storage function.
Normal maximum cystometric capacities will
differ, depending on the medium used to distend
the bladder. In addition, it has been shown that the
incidence of detrusor instability will be greater
when using carbon dioxide rather than water. This
may be related to the formation of carbonic acid in
the bladder when carbon dioxide comes into
contact with water. This may lead to detrusor con-
tractions from increased afferent sensation. Room
temperature solutions will also tend to induce
more abnormal detrusor contractions than will
saline at 38°C (Chapter 37). Detrusor contractions
may also be encountered during supine cystome-
try in the presence of lower urinary tract infections
with Gram negative bacilli. It is theorized that this
is related to the production of endotoxins by Gram
negative bacilli.

Supine cystometry may be performed through
the urethroscope at the time of dynamic ure-
throscopy or through a Foley catheter attached to
a water manometer or a hydrostatic pressure

transducer catheter. With simple systems it is a
rapid (10 min), simple and inexpensive test.
Filling is accomplished at slow, medium and
rapid rates, as defined by the International
Continence Society(Appendix B).

These studies are usually performed in a retro-
grade fashion, but may be performed orthograde
after water loading and the administration of a
diuretic.

In performing cystometry the patient’s bladder
is initially emptied, then filled at a desired rate.
As the patient’s bladder is filled, she will state
when she first feels like she could urinate (first
sensation to void). This is noted and the study
continued. The patient then notes when she feels
full. We typically ask the patient to wait until she
feels full enough that she would get off the
freeway and use the restroom at a gas station or
restaurant, rather than driving further to her own
home. Then the patient is filled until she can
stand no more due to pain or extreme discomfort.
This is taken as the patient’s maximum cystomet-
ric capacity. A bladder contraction may be identi-
fied during urethroscopy by persistent funnelling
of the bladder neck and active opening of the
urethra. The urethrovesical junction may be seen
in an open position during a bladder contraction
even when the urethroscope is withdrawn to the
urethral meatus. The bladder contraction may
also be visualized directly by noting the interlac-
ing muscle fibers forming a pseudotrabecular
pattern within the bladder. During filling, the
patient is asked to intermittently cough while in
the supine position. If it appears that the patient is
having a detrusor contraction, she is asked to
inspire to reduce the intra-abdominal pressure.
Persistence of an elevated bladder pressure and
open bladder neck will help confirm that the pres-
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sure rise represents a true detrusor contraction,
rather than just a rise in the intra-abdominal pres-
sure which is transmitted to the bladder. Rises in
intra-abdominal pressure may lead to false posi-
tive perceptions of detrusor contractions during
cystometry. Simple supine cystometry using only
a single pressure measuring catheter is also sus-
ceptible to such artifact. This may be avoided by
the addition of a second pressure measuring
catheter within the vagina or rectum to estimate
the intra-abdominal pressure. Not only is single
channel supine cystometry limited by intra-
abdominal pressure artifact, but also by the inabil-
ity to identify as many as 50% of patients who
have detrusor instability in the standing position.
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Chapter 12
Cystoscopy

Cystoscopy is done during the evaluation of the
incontinent females with irritative voiding symp-
toms to rule out any underlying bladder pathol-
ogy. This may be accomplished with either
flexible or rigid cystoscopes. Different lenses may
be used to allow for optimal evaluation of all
areas of the bladder (0°, 30°, 70°, 110° lenses).
Either carbon dioxide or a fluid media, such as
water, normal saline or glycine solution may be
used to distend the bladder.

The evaluation of the bladder should be done
in a systematic fashion to avoid missing any
bladder pathology. Evaluation must include a
thorough inspection of the dome, lateral walls and
posterior wall of the bladder as well as the
trigone, bladder neck and ureteral orifices. At the
time of cystoscopy, inflammatory changes such as
squamous metaplasia, granularity and cystic
changes may be noted on the trigone. The rest of
the bladder may have chronic inflammatory
changes such as diffuse cysts, as in cystitis cystica
or cystitis glandularis. Some patients may
have evidence of subendothelial hemorrhages
(glomerulations), or Hunner’s ulcers especially
with redistention of the bladder suggestive of
interstitial cystitis. This is important to note
because many of these patients have sensory
urgency and/or urge incontinence. The endo-
scopist wants to be sure not to miss a transitional

cell or adenocarcinoma of the bladder. For this
reason, when abnormal lesions are encountered,
they should be biopsied. The use of cytologic
washings at the time of cystoscopy may also aid
in the diagnosis of bladder neoplasia and is more
sensitive than the use of urine cytology. Routine
diagnostic cystoscopy can usually be accom-
plished in the office without anesthesia in women.
Where biopsies are necessary, anesthesia is often
necessary. For small raised lesions anesthesia
through bladder instillation with or without
bladder pillar block may be all that is necessary.
Biopsies must be done carefully by an experi-
enced endoscopist as perforations (although
minor) occur as often as 10% of the time.
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Chapter 13

Standing Single Channel Cystometry

The standing single channel cystometrogram may
reveal most of the unstable bladders missed by
supine cystometry studies. When compared to
multichannel urodynamic studies, some have
found the single channel cystometrogram to be
remarkably accurate. Our investigations have
shown even standing single channel studies to be
not only less specific (69%), but also less sensitive
(84%) than multichannel urethrocystometry.
Despite these limitations, single channel cystome-
try is an excellent screening method during the
evaluation of the incontinent female. Cystometry
is an essential part of the workup of all inconti-
nent women who are contemplating anti-
incontinence surgery.

Single channel cystometry can be accomplished
using carbon dioxide, water and saline through
various catheters. Pressure may be measured
using simple water manometry, balloon catheters
or electronic microtransducers. The study done in
Fig. 13.1 was accomplished using a three-way
Foley catheter, water manometer and electronic
cystometer. Whereas electronic cystometers allow
for continuous recording of the bladder pressure,
the same qualitative results may be obtained with
a far less expensive system consisting of a three-
way Foley catheter and a CVP manometer.
Besides varying the type of pressure measuring
devices and media used to fill the bladder, one
can also vary the speed of filling. Slow fill studies
involve infusion of media into the bladder at a
rate 1-10 ml/min. Medium flow studies infuse
fluid at rates of 10-100 ml/min, whereas high
flow studies exceed 100 ml/min. In addition, the
temperature of the infusing media may vary. Cold
and room temperature infusions tend to be more

irritating and provocative to the bladder than
solutions infused at body temperature.

The study shown in Fig. 13.1 is a single-channel
retrograde cystometrogram obtained with a water
transducer and electronic cystometer using a
medium flow rate with normal saline at 37°C. The
study was begun after a three-way Foley catheter
was placed in the patient’s bladder. The three-way
system allows for continuous recording of pres-
sure through one channel while fluid is infused
through another. Before the initiation of the study,
the water manometer was placed at the level of
the patient’s pubic symphysis and the electronic
cystometer zeroed with no saline in the bladder.
Then the infusion was begun at 80 ml/min and
markings placed for every 100 ml infused
(identified by the Arabic numbers 1 to 5 on this
tracing). These each represent 100 ml infused. The
patient was asked to note her first sensation to
void. This needs to be clearly distinguished from
an absolute need to void in the patient’s mind.
The large narrow peaks seen after each 100 ml
infusion represent coughs and heel bounces,
which were used to attempt to provoke an un-
stable bladder contraction. Other provocative
maneuvers such as hand washing, seeing and
hearing running water and straining may also be
used to attempt to trigger involuntary detrusor
contractions. During this study, the patient noted
first sensation at 225 ml. This is well within the
range of normal recognition of first sensation.
Next, the patient noted fullness at 450 ml — when
she felt she was full enough to get off the freeway
and use a bathroom at a gas station rather than
continuing on another 15 min to her home. The
study was then continued beyond this point until
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maximum cystometric capacity was reached,
when the patient could stand no further fluid due
to pain or autonomic symptoms. However, before
this point was reached, the patient began to have
an involuntary uninhibited detrusor contraction.
The patient’s bladder pressure rose to 18 cmH,0O
which was associated with a strong urge. The
patient was asked to deeply inspire at this point to
rule out an increase in intra-abdominal pressure
which might mimic a detrusor contraction.
However, with inspiration there was little
decrease in detrusor pressure, which rose even
further with time. Throughout this process, the
patient was asked to attempt to inhibit this con-
traction. However, even after 20 s, the patient was
unable to inhibit the detrusor contraction. Filling
was stopped at this point, with the patient reach-
ing a maximum cystometric capacity of 580 ml.
This patient was found to have an unstable detru-
sor as the underlying cause of her urinary inconti-
nence. This was later confirmed on multichannel
urethrocystometry. If this were a normal study,
the patient would have been able to tolerate this
volume of fluid without having an uninhibited
involuntary detrusor contraction. At maximum
cystometric capacity, the patient would have been

asked to initiate a detrusor contraction and then
to inhibit it. The patient should be able to begin to
inhibit a detrusor contraction quite rapidly.
During the course of the cystometry study the
bladder pressure should rise no more than 15 cm
H,0. Gradual rises greater than this usually
represent decreased bladder compliance.

Single channel cystometry can easily be accom-
plished in the physician’s office in a short period
of time (5-10 min). It should be considered neces-
sary in the evaluation of all incontinent women
who are to undergo corrective surgery.
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Section III

Multichannel Urodynamics:
Normal Studies



Chapter 14

Who Needs Urodynamics?

Multichannel urodynamic evaluation of urinary
incontinence involves the recording of urethrocys-
tometry, sphincter EMG, urethral closure pressure
profiles and voiding pressure studies. Integrating
these tests and performing them at various states
of bladder fullness as well as in different positions
can allow the urodynamicist to obtain a great deal
of useful information. However, this testing is
costly and time consuming. Therefore, it is not
appropriate for every patient who suffers from
lower urinary tract dysfunction to undergo multi-
channel urodynamics. Various laboratories across
the country have their exact criteria for who needs
urodynamics and who does not. It is safe to say
that most researchers would enjoy the opportu-
nity to study all their patients if possible. Where
to draw the line between who undergoes multi-
channel studies and who undergoes single
channel standing cystometry, stress testing and
other simple clinical tests is difficult. The perfor-
mance of EMG testing with voiding pressure
studies is essential in the patient who has urinary
retention. However, it also provides useful infor-
mation in those patients about to undergo inconti-
nence surgery. In the former case it is a necessity
in order to establish the diagnosis of the underly-
ing cause of urinary retention. In the latter case it
is helpful in order to establish the voiding mecha-
nism and the risk of urinary retention or dysfunc-
tion following incontinence surgery. Performance
of urethrocystometry with or without EMG is
very useful in establishing the diagnosis of over-
active detrusor function whether it be due to
an underlying neurologic problem (detrusor
hyperreflexia) or in the absence of an underlying
neurologic abnormality (detrusor instability). But
overactive detrusor function may also be estab-

lished on a simple standing single channel
cystometrogram. These simple studies are not as
sensitive as urethrocystometry and may also
produce many false positive diagnoses of overac-
tive detrusor function because of the effect of
increased intra-abdominal pressure during cys-
tometry. Urethrocystometry avoids this by
providing the true detrusor pressure or the pres-
sure in the bladder in the absence of any intra-
abdominal pressure artifact. It is for this reason
that we usually perform urethrocystometry in
surgical candidates who have a suspicious or
positive single channel cystometrogram. The pres-
ence of detrusor overactivity will independently
reduce the chances of successfully curing genuine
stress incontinence in surgical patients with mixed
incontinence as opposed to pure genuine stress
incontinence. For the non-surgical candidate it is
probably not as crucial to avoid overdiagnosing
detrusor instability or detrusor hyperreflexia.
However, because standing single channel
cystometrograms may have sensitivities as low as
60% when compared to urethrocystometry, one
must question whether all patients could benefit
from the more complicated studies. This is espe-
cially important in older populations where the
prevalence of detrusor instability may be as high
as 60%.

Contrary to this, some investigators have
shown that premenopausal women with com-
plaints of stress incontinence in the absence of
urgency, frequency, nocturia and urge inconti-
nence have a very low risk of detrusor instability
and may not need any assessment of their detru-
sor prior to contemplated anti-incontinence
surgery. Results from our lab and others do not
confirm this conclusion. Although there is some



38 Urodynamics and the Evaluation of Female Incontinence

controversy most investigators feel that as a
minimum, any patient who is to undergo an anti-
incontinence operation, regardless of her history
or age, should at least undergo standing single
channel cystometry.

The performance of urethral closure pressure
profiles either at rest or with Valsalva or repetitive
coughing has been found to be quite useful by
some investigators but useless by others. We find
the performance of urethral closure pressure
profiles to be useful in the establishment of the
diagnosis of genuine stress incontinence when
pressure equalization is noted with Valsalva and
repetitive coughing. In addition, static urethral
closure pressure profiles may tell us about the
integrity of the intrinsic sphincteric mechanism at
various states of bladder fullness. It has been
established that patients with low urethral closure
pressure are at increased risk of failing retropubic
urethropexies. For this reason all patients who are
at risk of having low urethral closure pressure
(postmenopausal patients and patients with prior
periurethral surgery) may benefit from having
urethral closure pressure profiles performed.

Determining who needs multichannel urody-
namics remains controversial. It is clear that most
investigators would agree that patients with pre-
vious incontinence surgery as well as those with
mixed symptoms or mixed genuine stress inconti-
nence and overactive detrusor function on simple
evaluation who fail to respond to conservative

therapy, as well as those with urinary retention
should undergo multichannel urodynamics. In
addition, many would add postmenopausal
patients as well as those who had evidence on
simple cystometry of overactive detrusor function
to rule out false positive diagnoses of detrusor
instability. But perhaps the most important indi-
cation for further testing is when a simple evalua-
tion fails to explain completely the patient’s
symptoms.
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Chapter 15

Urethral Closure Pressure Profiles

Urethral closure pressure profiles are measure-
ments of integrated pressure curves from the
entire length of the urethra and are measured by
the slow withdrawal of a pressure-measuring
catheter through the urethra at a constant rate.
Urethral closure profiles may be static, done with
the patient at rest either in the supine, sitting or
standing position; or they may be dynamic,
recorded while the patient is either coughing
repetitively, performing a Valsalva maneuver or
squeezing to prevent the passage of flatus or the
passage of urine. Measurement of static urethral
closure pressure profiles allows the investigator to
make comparisons of preoperative and postopera-
tive measurements or between different positions
and states of bladder fullness in the same patient.
Such static assessment, although not diagnostic
for genuine stress incontinence may still provide
the examiner with useful information. Com-
parisons of dynamic profiles during coughing and
Valsalva allow the examiner to make the diagno-
sis of genuine stress incontinence when pressure
equalization is noted in the absence of an increase
in detrusor pressure.

Fig. 15.1 demonstrates a theoretical static ure-
thral closure pressure profile. Measurements may
be made of the total or anatomic urethral length,
the functional length, the urethral pressure, the
maximal urethral pressure, the bladder pressure,
the urethral closure pressure, the maximal ure-
thral closure pressure, the integrated area under-
neath the curve (representing total urethral
closure pressure) and the length to maximal pres-
sure as well as the length from maximal pressure
to the external meatus. The total urethral length is
a measurement made from the first rise in urethral
closure pressure until the pressure reaches zero
atmospheric pressure at the external urethral

meatus. Normal anatomic length in the female
ranges from 3 to 5 cm. The functional length is the
length of the urethra that has a positive closure
pressure. This is the portion of the urethra that is
acting to maintain continence. The closure pres-
sure represents the difference of urethral pressure
minus bladder pressure. When this is positive
along any or all of the urethra the patient will
remain continent. If there is no positive closure
pressure then the patient will be incontinent of
urine. The bladder pressure is the pressure meas-
ured within the bladder. This differs from
the true detrusor pressure which is the bladder
pressure minus the intra-abdominal pressure.
Measurement of the true detrusor pressure sub-
tracts any artifactual increase in bladder pressure
due to intra-abdominal pressure. The integrated
area under the curve or total closure pressure and
measurements of partial urethral lengths are used
primarily for research purposes.
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The actual measurement of these normal ure-
thral closure pressure profiles in Fig. 15.2 involves
the measurement of the EMG activity in the first
line of the tracing, the measurement of intra-
abdominal pressure (vaginal or rectal) in the
second line of the tracing, the measurement of
bladder pressure on the third line, intraurethral
pressure on the fourth line of the tracing, true
detrusor pressure (bladder pressure minus
abdominal pressure) on the fifth line of the tracing
and the urethral closure pressure (urethral pres-
sure minus bladder pressure) on the sixth line of
the tracing. These were all recorded simultane-
ously as the paper moved at a speed of 1 mm/s.
During the measurement of urethral closure pres-
sure profiles the withdrawal arm removing the
pressure transducer catheter from the urethra is
moving at a speed of 1 mm/s during resting
profiles and 5 mm/s during augmented and
Valsalva profiles. During these profiles the paper
speed is also increased to 5 mm/s. Therefore
along all tracings, each small box along the X-axis
represents 1 mm or 1 s of elapsed time. Each small
box along the Y-axis represents 5 cmH,O and each
large box represents 25 cmH,0.

Fig. 15.2 demonstrates the actual measurement
of normal urethral closure pressure profiles in a
postmenopausal woman in the sitting position.
Resting or static profiles are measured a minimum
of three times until a fairly consistent tracing is
obtained. Measurement of these resting urethral
closure pressure profiles demonstrate that this
postmenopausal woman has a closure pressure of
approximately 35 cmH,O with a functional length
of 33 mm and a total length of 43 mm. The length
to maximal pressure is approximately 18 mm and
therefore the length from the maximal pressure to
the urethral meatus is 25 mm. In between these
three resting profiles the closure pressure is actu-
ally zero because the urethral pressure transducer
is within the bladder and therefore actually mea-
suring bladder pressure. The point where the
pressure curve first starts to rise corresponds to
the proximal urethra and the curve reaches
maximal pressure in the mid urethra falling even-
tually to zero atmospheric pressure on the ure-
thral pressure tracing at the urethral meatus. It
should be noted that on these curves the intrau-
rethral pressure is identical to the urethral closure
pressure tracing. This is because the bladder pres-
sure remains unchanged during the measurement
of these profiles. Had the bladder pressure
increased during the measurement of these trac-
ings or had a bladder contraction occurred these
two tracings would be different.

Augmenting profiles during rectal squeeze and
urethral squeeze are measured at speeds of
5 mm/s as the patient is asked to squeeze the
rectum tightly closed and then to squeeze the
muscles around the urethra tightly closed as if she
were trying to prevent the passage of flatus or the
passage of urine respectively. Both accomplish the
same thing in asking the patient voluntarily to
contract the levator muscles. The normal expected
response includes an elevation of closure pressure
and an increase in functional length. Absence of
this augmentation may signal partial denervation
of these muscles or rigidity of the urethral wall
which does not allow an increase in intraurethral
pressure from outside forces. However, these aug-
menting profiles are difficult to obtain and repro-
duce reliably. When these profiles are performed
properly we note that there is an increase in the
EMG activity while the patient is asked to squeeze
the muscles around the rectum and squeeze the
muscles around the urethra. This is properly
accomplished with no increase in intra-abdominal
pressure. However, in these profiles there is also
no augmentation. That means that there is no
significant increase in closure pressure nor func-
tional length during augmenting maneuvers.

The next tracing is a Valsalva urethral closure
pressure profile. This is obtained while the patient
is asked to bear down as it she were trying to
move her bowels. It is accompanied by an
increase in EMG activity as well as an increase in
intra-abdominal pressure. Here we see little
change in closure pressure and functional length
suggesting equal transmission of pressure to the
urethra and bladder and no evidence of genuine
stress incontinence.

The final urethral closure pressure profile is the
cough profile which is performed during repeti-
tive coughing. Here the patient is asked to cough
repetitively approximately every two to three
seconds while the pressure transducer is with-
drawn at a rate of 1 mm/s through the urethra.
With each cough an assessment can be made of
pressure transmission to the urethra. Positive
spikes on the urethral closure pressure tracing
indicate positive pressure transmission greater
than 100% (Chapter 23). This patient is noted to
have positive urethral closure pressure transmis-
sion throughout most of the mid urethra.
Negative pressure transmission and pressure
equalization (closure pressure <0 with each
cough) are not seen here but would signal the
presence of genuine stress incontinence.

Urethral closure pressure profiles both in the
static and dynamic states, when carefully



41

Urethral Closure Pressure Profiles

‘uewom [esnedouswisod e ul sajijoid ainssaid 8insoo [eiylaIn [ewlioN "g'slL Bid



42 Urodynamics and the Evaluation of Female Incontinence

performed, can provide a great deal of useful
information. Their clinical usefulness, reproduce-
ability and reliability are frequently questioned in
the literature. However, in clinical practice we
have found them to be quite useful and informa-
tive in understanding the underlying pathophysi-
ology of genuine stress incontinence.
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Chapter 16

Augmenting Urethral Closure Pressure Profiles

Augmenting urethral closure pressure profiles are
used to identify the voluntary ability of the
patient to contract her periurethral and pelvic stri-
ated musculature around the urethra to effect an
increase in intraurethral pressure. This effort is
identical to that of progressive resistance exercise
or Kegel’s maneuver and represents the urody-
namic measure of this activity. In the prior chapter
in Figure 15.2 we noted that the patient was not
able to augment her urethral closure pressure nor
functional length by contracting the pelvic floor.
The absence of an increase in closure pressure and
functional length during these profiles may repre-
sent a failure of the patient to understand the
maneuver, partial or total denervation of the
pelvic skeletal muscles, or a rigid fibrotic urethra
which cannot respond to extrinsic efforts to
increase intraurethral pressure. Usually the lack of
augmentation represents the patient’s inability to
understand and perform the maneuver properly.
Frequently patients will Valsalva or lift their body
cephalad in relation to the urethral pressure
catheter.

Fig. 16.1 demonstrates the measurement of aug-
menting urethral closure pressure profiles in rela-
tionship to a resting profile. At rest this patient
has a urethral closure pressure of 77 cmH,O and a
functional length of 33 mm. With squeezing of the
rectal muscles the maximal urethral closure pres-
sure increases to 113 cmH,0O. The functional
length also increases to 36 mm. Similarly with the

patient squeezing the muscles around the urethra
to try to prevent urinary leakage there is aug-
mentation of the urethral closure pressure to
118 cmH,0 and an increase in functional length to
40 mm. The artifact noted on the tracing is a sub-
traction artifact where increases in intra-abdomi-
nal pressure are not registered as completely on
the vaginal pressure transducer as they are on the
bladder transducer. This leads to an increase in
true detrusor pressure with any increase in intra-
abdominal pressure such as coughing and
Valsalva. These augmenting profiles, although
interesting in some patients, are very difficult to
perform without relative movement of the
catheter, Valsalva or other artifact. They have not
been found to have any prognostic value for
women undergoing surgery and are rarely used
by most centers.
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Fig. 16.1. Augmenting urethral closure pressure profiles.



Chapter 17

Dynamic Urethral Closure Pressure Profiles:
Valsalva and Cough Profiles

Dynamic urethral closure pressure profiles are
useful tests in the establishment of the diagnosis
of genuine stress incontinence. By definition,
genuine stress incontinence is a condition where
an increase in intra-abdominal pressure leads to
an increase in bladder pressure that is greater than
urethral pressure in the absence of a bladder con-
traction. This condition is represented by a
dynamic change in urethral closure pressure to
zero or below known as pressure equalization
during dynamic urethral closure pressure profiles.

Fig. 17.1 represents the recording of normal ure-
thral closure pressure profiles first at rest and then
with augmenting maneuvers and finally with
Valsalva and repetitive coughing. These pressures
measured in a postmenopausal woman show equal
pressure transmission during Valsalva but a short-
ening of the functional length when compared to
the resting profile. When looking at Valsalva ure-
thral closure pressure profiles, it is important to
observe the increase in intra-abdominal pressure,
intraurethral pressure and bladder pressure simul-
taneously. A poor Valsalva effort may be associated
with a normal Valsalva urethral closure pressure
profile. A stronger Valsalva maneuver may lead to
further descent of the urethrovesical junction and
negative pressure transmission associated with
urinary loss. Therefore it is important when doing
these profiles to ask for a maximal Valsalva effort.
If one is suspicious that there is a poor Valsalva
maneuver, then the profile should be repeated. As
mentioned previously, this profile is obtained with
a catheter withdrawal speed of 5 mm/s as the
chart speed is also increased to 5 mm/s in an
analog system. Computerized systems will rectify

recorder speed to correspond to the profilometer
speed automatically.

The cough urethral closure pressure profile is
performed at a withdrawal speed of 1 mm/s and a
paper speed of 1 mm/s. Fig 17.1 represents a
normal cough urethral closure pressure profile in a
postmenopausal woman. Along the first 2 cm of
the urethra, the patient is noted to have positive
pressure transmission. On the urethral closure
pressure channel it is noted that with each cough
there is a positive cough spike which suggests that
the rise in intraurethral pressure with each cough
is greater than the rise in the bladder pressure.
This results from equal pressure transmission to
the bladder and proximal urethra which is then
further augmented by reflex contractions of the
urethral skeletal and periurethral skeletal muscle.
Such positive pressure transmission should main-
tain continence regardless of the static resting
urethral closure pressure. Therefore the key to
continence is pressure transmission in the dynamic
state. All that is necessary to maintain continence
is the presence of positive urethral closure pres-
sure at any point along the urethra. The negative
pressure transmission and negative cough spikes
noted in the distal half of the urethra are normal.
The distal half of the urethra lies below the genital
hiatus and therefore is not well augmented by
increases in intra-abdominal pressure.

Fig. 17.2 demonstrates abnormal dynamic
urethral closure pressure profiles during Valsalva
and coughing. In the first profile done during
Valsalva, in the supine position with a relatively
empty bladder, there is a positive closure pressure
of 9 cmH,0 associated with a functional length of
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12 mm. However, the repeat profile, done sitting
upright with a full bladder at maximum cysto-
metric capacity, shows absolutely no measurable
closure pressure nor functional length. This is
associated with urinary incontinence throughout
the entire Valsalva urethral closure pressure
profile. Similarly, the cough profiles are positive
in both the supine empty and supine full position.
We notice that along the entire length of the
urethra there is negative pressure transmission
with the cough spikes going negatively to the zero
closure pressure line or below. Therefore with
each cough there is negative pressure transmis-
sion and a negative closure pressure is reached
along the entire length of the urethra. Urine is lost
with each cough. This pressure equalization is the
hallmark of genuine stress incontinence. It is
important to notice that half the Valsalva profiles
have been done in the supine position. With a
relatively empty bladder, the diagnosis of genuine
stress incontinence could have theoretically been
missed. However, when the patient is studied in a
sitting upright position at maximum cystometric
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capacity, the diagnosis of genuine stress inconti-
nence due to pressure equalization is unmistak-
able. Secondarily, throughout these pressure
profiles, the true detrusor pressure remains
unchanged. Therefore we cannot blame the urine
loss on any rise in detrusor pressure, thus estab-
lishing conclusively the diagnosis of genuine
stress incontinence.
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Chapter 18

Urethral Responses to Position Changes

Urethral closure pressure will be affected by posi-
tion changes in both the normal, continent woman
and the woman suffering from genuine stress
incontinence. Typically, as shown in Fig. 18.1, the
continent woman will respond to the increasing
stress of a more upright position by increasing
skeletal muscle activity within the wall of the
urethra as well as within the pelvic floor muscula-
ture to lead to an increase in urethral closure pres-
sure. In Fig. 18.1, this is demonstrated by an
increased urethral pressure and urethral closure
pressure in the sitting position when compared to
the supine position. This recruitment of skeletal
muscle is a normal compensating response
reflected in the periurethral EMG activity.

This increasing stress of movement to a more
upright position will be met with an increase in
skeletal muscle activity and urethral pressure in
the normal continent patient, but will lead to
decompensation of urethral pressure in the
genuine stress incontinent woman who is unable
to augment closure pressure in response to
increasing stress. Because of the relative changes
in urethral pressure in different positions, it is
important to standardize the position of the

patient during the measurement of urethral
closure pressure profiles.

In this figure the patient is noted to have a
urethral closure pressure averaging about
50 cmH,O0 in the supine position and a functional
length of 34 mm. When she moves to the sitting
position the urethral closure pressure increases to
about 73 cmH,0O with a functional length of about
32 mm. Surface EMG changes do not clearly
increase in this example as we would ordinarily
see with recruitment of skeletal muscle activity to
compensate for the “stress” of a more upright
position.
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Fig. 18.1. Urethral responses to position changes.



Chapter 19

Urethral Responses to Bladder Filling

As with position change, the urethra will also
respond to the stress of changes in the bladder
volume. Increased bladder volume will lead to
increased hydrostatic pressure within the bladder
as well as an increased response from stretch
receptors in the bladder and the trigone. The
normal response to this is further to augment
urethral pressure and closure pressure. Fig. 19.1
shows a normal urethrocystometry study where
there is increasing urethral pressure during filling.
This is associated with augmentation of EMG
activity near the end of the study (curved open
arrow) and thus reflects increasing skeletal muscle
activity in the pelvic floor musculature during
bladder filling. In patients who have genuine
stress incontinence, although there may be aug-
mentation of EMG activity during filling, there is
usually a progressive decrease in urethral pres-
sure and urethral closure pressure which facili-
tates eventual urinary leakage with increased
intra-abdominal pressure. It is this normal com-
pensatory response of the voluntary striated
muscle within the urethra and pelvic floor that
helps to prevent urinary incontinence in young
and middle-aged women who have urethral
hypermobility. Many of these patients may have
urethral hypermobility on Q-tip testing or bladder
neck funneling on videocystourethrography but
fail to leak urine because of their excellent ure-
thral tone and skeletal muscle function. With
increasing stress, the urethral musculature is able
to respond by further augmenting muscular activ-

ity and increasing urethral pressure. When this
ability is lost (discussed in Chapter 29), the
patient is left with a low pressure urethra which is
incapable of such compensatory adjustments.
These patients frequently have severe urinary
incontinence. As was discussed for position
changes in Chapter 18, one needs to again recog-
nize that urethral closure pressure profiles will be
different when recorded at different bladder
volumes. For this reason it is important either to
standardize bladder volumes during comparative
trials or to document at what bladder volume the
studies were done. Urethral closure pressure may
be perfectly normal in a patient with genuine
stress incontinence when the bladder volume is
50 ml, but may be markedly different and
significantly diminished when the bladder
volume is 500 ml.

In addition to these normal findings, this uro-
dynamic tracing shows some artifacts arising
from rectal peristalsis as will be discussed in
Chapter 44. Throughout the standing urethrocys-
tometry study in Fig. 19.1 there is marked vari-
ation in the rectal pressure channel from intrinsic
bowel activity rather than from increases in intra-
abdominal pressure. This is apparent because
these changes are not mirrored on the bladder
pressure channel. Thus, the true detrusor pressure
channel which represents the difference between
bladder and rectal pressure reflects this peristalsis
in artifactual pressure decreases especially in the
latter half of the tracing. In addition, to compen-
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Fig. 19.1. Urethral pressure increase during urethrocystometry.
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sate for the initially high peristaltic activity of the
rectum, the true detrusor baseline pressure was
initially set too high above its zero baseline
leading to detrusor pressure measurements
during the study of 65-70 cmH,0O; when the true
detrusor pressure can actually only increase as
much as the bladder pressure (5 cmH,0).
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Chapter 20

Multichannel Urethrocystometry

Multichannel urethrocystometry involves the
measurement of abdominal pressure, urethral
pressure, and bladder pressure during filling with
or without the recording of electromyographic
activity. The true detrusor pressure and urethral
closure pressure may also be calculated and
recorded. These multichannel studies allow us to
better understand physiologic and pathophysio-
logic factors affecting the patient’s ability to store
urine. In some patients, the information obtained
from multichannel studies may not add more than
a simple single channel cystometry study, but in
many patients it may be invaluable. The measure-
ment of urethral pressure helps us to understand
urethral compensatory responses to bladder
filling during the storage phase, and may also
help to elucidate urethral causes of urinary
leakage, such as uninhibited urethral relaxation
(Chapter 33), which will not be noted during
simple measurement of bladder pressure with
filling. Subtracted cystometry with the measure-
ment of bladder pressure and abdominal pressure
either through the vagina or rectum will allow the
urodynamicist to avoid the false positive diagno-
sis of detrusor instability where an increase in
bladder pressure might be assumed to represent
an involuntary bladder contraction when it is
merely a representation of increased intra-abdom-
inal pressure. When the same pressure increase is
seen on the abdominal pressure tracing, such as in
Fig. 20.1 (arrow), this is not misconstrued as a
bladder contraction, but instead correctly inter-
preted as increased intra-abdominal pressure.
Measurement of the true detrusor pressure
(bladder pressure minus abdominal pressure)
allows us to recognize quickly that there is no

evidence of an involuntary bladder contraction in
this situation. In addition, urethrocystometry with
small catheters enables us to avoid false negative
studies when urinary leakage occurs in the
absence of a rise in bladder pressure >15 cmH,0.
On multichannel urethrocystometry, even a small
bladder contraction (<15 cmH,Q) can be identi-
fied to be significant enough to cause urinary
leakage especially when it occurs in association
with a significant reduction in urethral pressure.
Numerous studies have shown that low pressure
detrusor contractions can cause detrusor instabil-
ity, and this has led to a recent change in the defi-
nition of detrusor instability by the International
Continence Society (ICS) to reflect that any symp-
tomatic involuntary detrusor contraction (not
necessarily 215 cmH,0) can be defined as an
unstable detrusor contraction.

During a normal filling study, such as in
Fig. 20.1, the patient is noted to have no increase
in true detrusor pressure during the study despite
increased intra-abdominal pressure and consider-
able variation in urethral pressure during bladder
filling. The patient is also noted to have genuine
stress incontinence on the tracing. If one merely
looked at bladder pressure and observed for
urinary leakage, then, at the end of the study
where closure pressure is noted to drop to zero,
we might assume that the patient had an involun-
tary bladder contraction to account for this
leakage. However, because intra-abdominal pres-
sure is also measured the investigator can see that
this increase in bladder pressure is merely due to
an increase in intra-abdominal pressure, thus
resulting in genuine stress incontinence and
urinary leakage. Multichannel urethrocystometric
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studies are perhaps our most valuable tool in
diagnosing storage phase pathology. Patients
noted to lose urine in the absence of involuntary
bladder contractions usually have genuine stress
incontinence whereas those who lose urine in
response to involuntary detrusor contractions
usually have detrusor instability or detrusor
hyperreflexia. These studies, as will be seen in
later chapters, also allow us to diagnose patients
with other more unusual causes of urinary
leakage such as low compliance bladders, un-
inhibited urethral relaxation, and overflow in-
continence. Pharmacologic manipulation during
bladder filling studies with multichannel urethro-
cystometry may also allow for expanded diagnos-
tic and therapeutic conclusions. Performance of
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these studies on an ambulatory basis may dramat-
ically extend their diagnostic sensitivity.
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Chapter 21

Voiding Pressure Studies

In much the same way that the urodynamacist can
analyze storage phase defects by measuring ure-
thral, abdominal and bladder pressure during
bladder filling with multichannel urethrocystome-
try, one can use the same technique to analyze the
emptying phase. Both normal micturition patterns
and abnormal patterns such as detrusor sphincter
dyssynergia (which will be discussed in Chapter
26) may be identified. In addition, analysis of
voiding function will help to enable investigators
to avoid postoperative voiding dysfunction as
well as voiding dysfunction following non-
surgical treatments of urinary incontinence.

The normal male voids by urethral relaxation
followed within a few seconds by a detrusor con-
traction. Because the longitudinal muscle fibers of
the detrusor continue on into the proximal
urethra, contraction of the bladder results in eleva-
tion and opening of the urethrovesical junction.
This normal activity is modulated by numerous
reflex pathways which allow for the smooth initia-
tion of voiding by urethral relaxation coordinated
with a bladder contraction. These reflexes also
allow for the normal cessation of voiding with ter-
mination of the detrusor contraction following
contraction of the urethral and periurethral stri-
ated musculature. Although abnormal voiding in
the male is almost always due to physical obstruc-
tion, this is rare in the female. Women, especially
those with decreased urethral resistance may void
normally on simple uroflowmetry studies by five
different mechanisms including urethral relax-
ation alone, urethral relaxation with detrusor
contraction, urethral relaxation with a detrusor
contraction plus Valsalva, urethral relaxation and
Valsalva in the absence of a detrusor contraction

as well as Valsalva alone in women with markedly
decreased urethral resistance. It is clear that
women who void by either of the last two mechan-
isms might have voiding dysfunction following a
surgery the purpose of which is to stop urinary
leakage from increased intra-abdominal pressure.
Thus, whereas these patients might be noted to
void normally preoperatively they could have
voiding dysfunction and retention postoperatively
due to their attempted Valsalva voiding. If they
are unable to change to another voiding pattern
(urethral relaxation alone) they will either con-
tinue to suffer from voiding dysfunction or tear
down their surgical repair. Accurate assessment of
voiding function using voiding pressure studies
with or without additional special tests, as will be
discussed in Section V, allows for early diagnosis
of potential problems.

Three different voiding patterns are shown
here. All three patterns are fully capable of achiev-
ing normal uroflowmetric parameters. These
studies are accomplished by placing the urethral
pressure transducer in the mid urethra, approxi-
mately at the point of maximal urethral pressure
while the bladder pressure transducer remains in
the bladder and either a vaginal or rectal trans-
ducer catheter is used to assess intra-abdominal
pressure. At the same time, a uroflowmeter is
used to assess voiding velocity and surface, wire
or needle electrodes may be used to measure
EMG activity, especially where voiding dysfunc-
tion is anticipated. Perianal surface electrodes if
not properly protected will become moist and
produce poor tracings with electrical noise from
the loss of contact with the skin. These may
appear to be pathologic or uninterpretable.



Therefore, when using these, it is necessary to
take great care to cover them and insulate them
from urine dripping down over the perineum.

21.1 Detrusor Contraction and
Urethral Relaxation

Fig. 21.1, shows, at the arrow, that urethral pres-
sure drops from around 150 ¢cmH,O to around
75 cmH,0. Meanwhile the bladder pressure rises
approximately 1 s after this initial urethral relax-
ation and urine flow begins approximately 5 s
later. (Each large box along the x axis on the tracing
= 1 s.) Voiding by detrusor contraction and ure-
thral relaxation as shown here is a very normal and
efficient pattern which can result in very high flow
rates. During this study, however, a maximum
flow rate of only 15 ml/s is reached. As marked on
this tracing, when the bladder emptied substan-
tially, the end of the microtransducer catheter hit
the bladder wall resulting in a marked increase in
bladder and true detrusor pressure. As the catheter
reorients and the bladder stops contracting
the pressure is seen to go down gradually in the
bladder. Bladder pressure decreases occur
reflexively by vesicoinhibitory reflexes triggered
by contraction of the urethral and pelvic floor mus-
culature resulting in increased urethral pressure. If
there were not this feedback from urethra to
bladder, the bladder would continue to contract
following cessation of voiding resulting in consid-
erable discomfort. Although the maximum flow
rate achieved during the study was borderline, it
must be remembered that this study was done
with a bladder volume of only 180 ml. The
maximal flow rate would have been proportionally
larger if a greater volume of fluid had been voided
because flow rates are volume dependent. Because
this patient voids normally by urethral relaxation
associated with a detrusor contraction of consider-
able magnitude, concern regarding voiding dys-
function following surgery would be minimal in
this patient. This would be in direct contrast to the
patient who voids by Valsalva (Fig. 21.2).

21.2 Detrusor Contraction and
Valsalva Voiding
The patient in Fig. 21.2 appears to initiate voiding

by a small amount of urethral relaxation immedi-
ately followed by Valsalva and a detrusor contrac-
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tion. One must be careful, because a similar
pattern can be achieved by Valsalva voiding alone
when the artifact of poor transmission of intra-
abdominal pressure to the vagina or rectum com-
pared to abdominal pressure transmission to the
bladder, exists. In this study, however, careful
observation reveals that the pattern of pressure
increase on the bladder pressure tracing is differ-
ent from that on the vaginal pressure tracing and
therefore we are reassured that the bladder con-
traction registered on the true detrusor pressure
channel is indeed real and not an artifact.
Although initially, this patient relaxes her urethra
there is reflex contraction of the skeletal muscle of
the pelvic floor in response to her Valsalva effort.
With funneling of the bladder neck, the urethral
pressure transducer is now also reflecting bladder
pressure because of the common cavity effect in
the urethra created by bladder neck funneling.
This patient voids by initial urethral relaxation
followed by a detrusor contraction with Valsalva.
Although the uroflow channel is not shown on
this tracing, the patient was able to generate
normal maximum flow rates without any evi-
dence of urinary retention. Should this patient
then undergo a retropubic urethropexy and
persist in her attempts to Valsalva void she might
incur some degree of voiding dysfunction.
However, if she is able to stop these Valsalva
efforts and merely void by urethral relaxation
associated with the bladder contraction she
should have no difficulty in voiding whatsoever.
If her detrusor contraction were of very small
magnitude, one might be concerned about reten-
tion due to an underactive detrusor following
surgery with an inadequate bladder contraction of
decreased magnitude or duration.

21.3 Detrusor Contraction and
Urethral Relaxation with a
Common Cavity

Fig. 21.3 also shows a voiding study done at the
end of multichannel urethrocystometry where the
patient initiates voiding by urethral relaxation
followed 7 s later by a weak bladder contraction.
It is difficult to tell in this tracing what is happen-
ing to urethral pressure, again because of a
common cavity artifact. Both urethral pressure
and bladder pressure channels are measuring the
same bladder contraction. They also both reflect
any increase in intra-abdominal pressure such as a
short Valsalva effort. This tracing also demon-
strates artifact in the electromyography channel
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Fig. 21.1. Pressure voiding study demonstrating micturition by urethral relaxation with a detrusor contraction.
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Fig. 21.2. Pressure voiding study demonstrating micturition by urethral relaxation with a detrusor contraction and Valsalva.
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Fig. 21.3. Pressure voiding study demonstrating micturition by urethral relaxation with a detrusor contraction
confounded by a common cavity effect.



when the perianal surface electrodes become wet.
This may lead to a dramatic increase in activity
suggesting the presence of detrusor sphincter
dyssynergia when instead it is clear from the
tracing that urethral closure pressure remains at
0 cmH,O or below and voiding continues un-
interrupted. Such artifact may be avoided by
better protection of these superficial electrodes
with tape or an occlusive dressing or by the use of
periurethral wires or needles.
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Section IV

Multichannel Urodynamics:
Pathologic Studies



Chapter 22

Genuine Stress Incontinence

22.1 Cough Urethral Closure
Pressure Profiles

Urodynamic studies are necessary by definition to
establish the diagnosis of genuine stress inconti-
nence with certainty. The classical study per-
formed for this purpose is the cough urethral
closure pressure profile. This study is performed
by asking the patient to cough at one second inter-
vals with a maximum effort while withdrawing
the pressure recording catheter through the
urethra at a continuous rate, equal to the paper or
recorder speed (i.e. 1 mm/s). While the profile is
in progress the true detrusor pressure channel is
constantly monitored to detect any increase in
detrusor pressure due to a bladder contraction. In
addition, the synchrony of urine loss with the
individual coughs is noted on the tracing. To opti-
mize sensitivity it is most advantageous to
perform this test in an upright position at
maximum cystometric capacity. However, stand-
ing profiles are difficult to perform and often lead
to the early breakdown of profilometers due to
water damage. It is for this reason that sitting
profiles at maximum capacity are usually utilized.
When it is established that urine loss occurs in
synchrony with individual cough efforts in the
absence of detrusor contractions the diagnosis of
genuine stress incontinence is established with
certainty. A major confounding variable is the
patient with a functionless urethra and Type III
stress incontinence that will not respond with any
significant intrinsic pressure increase during
voluntary effort. This diagnosis can be established
with certainty through either urethroscopic visu-

alization of a tubularized, immobile drainpipe
urethra or radiographic imaging of an open
bladder neck at rest. This urethra demonstrates all
the clinical and urodynamic criteria necessary for
the diagnosis of genuine stress incontinence and
is accompanied by no urethral hypermobility on
Q-tip testing. This functionless urethra will not
respond well to standard medical or surgical anti-
incontinence therapy (Chapter 53).

This urodynamic tracing (Fig. 22.1) shows three
different profiles varying with the bladder volume
and position of the patient: supine position with
an empty bladder (150 ml), sitting with an empty
bladder (150 ml), and sitting with a subjectively
full bladder (maximum cystometric capacity). The
electromyographic recording demonstrates reflex
pelvic floor contraction with each cough as
normally seen. The magnitude of the pressure
generated by each cough is visible in the vaginal,
bladder, and urethral pressure channels and in
this example approximates 150-200 c¢mH,O
consistently. The true detrusor pressure channel
remains flat throughout the tracing indicating the
absence of detrusor contractions in response to
the continuous coughing. In the urethral closure
pressure channel characteristic pressure equaliza-
tion is seen with each cough demonstrating equal-
ization of pressure between the urethra and the
bladder. Although actual urine flow rates are not
shown on this tracing, the small deflections made
by the manually operated event marker at the
very bottom of the tracing indicate each time
urine was seen to exit from the urethra during the
cough pressure profile. It is important to be sure
the urine is exiting from the urethra and not from
the vagina as would be expected in the case of a
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Fig. 22.1. Cough urethral closure pressure profiles in a woman with genuine stress incontinence (supine empty/sitting
empty/sitting full).



urethrovaginal or vesicovaginal fistula. The
tracing also demonstrates an example of a
momentary kinking effect in the urethra as evi-
denced by a small area of positive pressure
deflection in the cough pressure profile curve
(arrow) associated with a single episode of posi-
tive pressure transmission (Chapter 23) in the
sitting empty profile. Kinking is also seen in the
supine empty profile. This was a momentary
event that was repeated only once during the
study and is of no significance in the establish-
ment of the diagnosis of genuine stress inconti-
nence but is one type of artifact that may
compromise these studies. This study establishes
the diagnosis of genuine stress incontinence as
evidenced by the absence of detrusor contractions
during continuous coughing associated with pres-
sure equalization and synchronous urine loss.

22.2 Valsalva Urethral Closure
Pressure Profiles

Valsalva pressure profiles are an adjunctive test in
the establishment of the diagnosis of genuine
stress incontinence. The test is also performed in
varying positions with different bladder volumes.
The patient is asked to strain with maximal effort
while a pressure profile is obtained in the usual
manner except that the withdrawal rate is acceler-
ated as is the speed of the chart paper or urody-
namic recorder (5 mm/s). The equalization of the
paper and withdrawal speeds facilitates the meas-
urement of profile parameters when indicated.
This profile is usually used in a qualitative sense
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to compare detrusor activity during the profile
with pressure equalization during a maximal
straining effort. Fig. 22.2 demonstrates Valsalva
profiles in the supine position with an empty
bladder (150 ml) and in the sitting position with a
subjectively full bladder (maximum cystometric
capacity). Cough profiles are also shown which
are characteristic of genuine stress incontinence
with negative pressure transmission and pressure
equalization with simultaneous urine loss. In the
supine empty profile positive pressure remains
under the curve (closed arrow) and urine is not
lost. In the sitting full profile pressure equaliza-
tion is found (open arrow) and is associated with
coincident urine loss. This occurs in the absence
of detrusor activity as indicated by the flat true
detrusor pressure curve. The pressure equaliza-
tion in the Valsalva sitting full profile, in the ob-
jective absence of detrusor contractions, further
substantiates the diagnosis of genuine stress
incontinence.

Bibliography

Cadogan M, Awad S, Field C et al: A comparison of the
cough and standing urethral pressure profile in the
diagnosis of stress incontinence. Neurourol Urodynam
7:327,1988.

Hilton P: The urethral pressure profile under stress: a
comparison of profiles on coughing and straining.
Neurourol Urodynam 2:55, 1983.

Richardson DA: Value of the cough pressure profile in the
evaluation of patients with stress incontinence. Am ]
Obstet Gynecol 155:808; 1986.

Constantinou CE: Resting and stress urethral pressures as
a clinical guide to the mechanism of continence in the
female patient. Urol Clin North Am 12:247, 1985.



70 Urodynamics and the Evaluation of Female Incontinence

(1in} Bunuis/Aldws suidns) aousunuooul ssaas auinuab yim uewom e uy sajijoid ainssald 8insoo [eiyiein ybnoo pue eaesep "g'ze "Hid



Chapter 23

Pressure Transmission Ratios

Pressure transmission ratios are designed to study
objectively the relative transmission of pressure to
the bladder and the urethra during stress.
Characteristically the stress is continuous cough-
ing during the measurement of the cough urethral
closure pressure profile. The magnitude of the
pressure transmitted to these two organs is deter-
mined in Fig. 23.1 by measuring the amount of
pressure transmitted to the bladder (b) in a partic-
ular cough compared to that transmitted to a par-
ticular part of the urethra (u) during withdrawal
of the urethral pressure transducer catheter. The
pressure transmitted is measured as the bladder
pressure increment and the urethral pressure
increment above the urethral pressure profile
curve caused by withdrawal of the urethral pres-
sure transducer through the urethra during repeti-
tive coughing. The ratio of these pressures is then
calculated and multiplied by 100% (u/b x 100%)
and termed the pressure transmission Tratio.
Inadequate transmission of intra-abdominal pres-
sure to the urethra compared to that transmitted
to the bladder is felt to be the primary pathologic
process in genuine stress incontinence. Single or
multiple sites for the measurement of pressure
transmission ratios may be chosen. Positive pres-
sure transmission is the hallmark of continence,
whereas negative pressure transmission (charac-
teristically expressed as a percentage less than
100%) is indicative of failure of the extrinsic conti-
nence mechanism and associated with genuine
stress incontinence unless the intrinsic continence
mechanism represented by the resting closure
pressure is able to compensate for this negative
pressure gradient. In the example in Fig. 23.2 both
Valsalva and cough pressure profiles are illus-
trated. The Valsalva pressure profile on the left

indicates the lack of pressure equalization and
maintenance of positive pressure during a
maximal straining effort. The cough pressure
profile demonstrates positive pressure transmis-
sion as indicated by the small positive pressure
spikes over the surface of the basic urethral
closure pressure profile. The area under the curve
of the pressure profile is referred to as “margin to
leakage” since this is the pressure which must be
overcome to cause pressure equalization and

Urethral
Pressure

—c—

Bladder
pressure

Urethral
closure
pressure

Fig. 23.1. Calculation of pressure transmission ratios
during cough urethral closure pressure profiles.
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Fig. 23.2. Pressure transmission ratios measured during an actual cough urethral closure pressure profile.



urine loss. The margin to leakage is representative
of the intrinsic sphincteric mechanism and is
augmented in the normal continent woman by a
healthy extrinsic continence mechanism with
positive pressure transmission. The lettered
arrows indicate possible choices for sites to
measure pressure transmission ratios. For
example, choosing the cough spike at arrow C the
pressure produced by that cough in the bladder is
85 cmH,0 and in the urethra is 98 cmH,0O. The
ratio is calculated to be 115%. An artifact exists in
the tracing since there is a calibration, measure-
ment and/or transducer placement error evi-
denced in the true detrusor pressure channel. A
pressure increase is found at the open arrow
during Valsalva and a series of pressure increases
during coughing. These pressure increases repre-
sent unequal pressure transmission between the
bladder and vagina exactly coincidental with the
pressures generated by Valsalva or coughing. This
helps the urodynamicist conclude that this is arti-
factual, due to better transmission of pressure to
the bladder than to the abdominal pressure
transducer in the vagina rather than representing
involuntary detrusor contractions which would
persist after the increase in abdominal pressure
ceased. This indicates that this is probably more
related to placement of the measuring transducer
than to other possible sources of error. This might
be rectified by placing the abdominal pressure
transducer in the rectum instead of the vagina.
Pressure transmission ratios are designed to
provide objective measurements of pressure trans-
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mission to the bladder and urethra for the precise
study of the function of these organs under stress.
These profiles were done at 1 mm/s and cannot
demonstrate timing differences in the urethral
and bladder pressure increment, but faster studies
would show that normally the urethral pressure
spike is not only larger but occurs earlier than the
bladder pressure spike. This timing increment
appears to be lost with stress incontinence even if
corrected by surgery. Current research in this field
relies heavily on these studies, especially for
understanding the effects of medical or surgical
management on urethrovesical function.
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Chapter 24
Detrusor Instability

24.1 Stress Induced Detrusor
Instability Without Leakage

Detrusor instability is defined as the presence of
spontaneous or provoked involuntary contrac-
tions during filling which cannot be suppressed.
This term is used when the condition is idio-
pathic, that is, without known cause. When the
cause is known to be a lesion of the brain or spinal
cord affecting the upper motor neurons involved
with bladder control, the term detrusor
hyperreflexia is used to distinguish these two
entities from the standpoint of causation. These
abnormal bladder contractions are detected by the
cystometrogram as described in Chapters 13 and
20. The best method of detection is by urethro-
cystometry and will be illustrated in the follow-
ing examples. Detrusor instability is frequently
induced by various activating procedures.
Examples of such activating events include the
upright posture, heel bouncing, coughing, hand-
washing, hearing running water and the use of
carbon dioxide as the infusing medium. Hand-
washing appears to be the most provocative of
these maneuvers. A cystometrogram is incom-
plete if the appropriate detrusor activating proce-
dures have been omitted. Simulation in the
urodynamic laboratory of whatever events trigger
possible detrusor activity is necessary in order to
arrive at an appropriate diagnosis.

In the first example (Fig. 24.1) detrusor contrac-
tions (open arrow) are induced by coughing. The
initial transducer localization cough (arrow)
results in a low pressure detrusor contraction of
13 cmH,0O followed by a series of such contrac-
tions during the cough profile (curved arrow)

with no evidence of pressure equalization.
Although urine leakage did not occur in this
example due to the maintenance of adequate
closure pressure in the urethra during continuous
coughing, it is easy to see that in the absence of
adequate urethral closure pressure, without uro-
dynamic testing, urine loss would erroneously be
attributed to pressure equalization rather than the
presence of detrusor contractions. With such low
level detrusor contractions there might not be
enough reflex urethral relaxation to cause inconti-
nence thereby hiding the true cause of the
patient’s urine loss to the casual observer. Usually
the effect of these contractions, if they are clini-
cally important, will be seen with the use of the
detrusor activating procedures discussed above. It
is important to recognize that some patients may
effectively hide their detrusor instability by their
remarkably well-trained pelvic floor musculature
which maintains adequate closure pressure in the
urethra and prevents urine loss. These patients
often present with urinary urgency in the absence
of urge incontinence. In this example the EMG
activity is appropriate and increases with each
cough.

24.2 Cough and Valsalva
Induced Contractions

Fig. 24.2 shows both cough and Valsalva induced
contractions. The initial transducer localization
cough (arrow) is accompanied by a detrusor con-
traction which is either the result of the cough
alone or the transducer physically contacting the
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Fig. 24.1. Cough-induced detrusor instability during a cough urethral closure pressure profile.
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Fig. 24.2. Cough-and Valsalva-induced detrusor instability during dynamic urethral closure pressure profiles.



bladder wall during its introduction into the
bladder as illustrated by the pressure curve gener-
ated during reintroduction of the transducer into
the bladder (curved arrow) or a combination of
the two. It is important to note that the contrac-
tion immediately follows the cough. To the casual
observer without urodynamics the urine loss
associated with this cough would be attributed to
pressure equalization and stress incontinence. The
EMG channel demonstrates the patient’s natural
defense against urine loss as the pelvic floor vol-
untarily contracts during the detrusor contraction
(EMG arrow). This could also suggest detrusor
sphincter dyssynergia (Chapter 26) and further
studies might be necessary to evaluate the patient
for this diagnosis. The Valsalva effort results in an
increase of true detrusor pressure which begins
coincident with the onset of the Valsalva ma-
neuver. This might be confused with the artifact
associated with an electronic subtraction error
except that its duration is longer than the Valsalva
effort which ends at the open arrow. The contrac-
tion continues for an additional 8 s with urine
leakage. The subsequent cough profile does not
demonstrate pressure equalization and maintains
a positive margin to leakage, confirming that this
patient has stress-induced detrusor instability
rather than genuine stress incontinence.

24.3 Giggle Incontinence

Fig. 24.3 illustrates a series of detrusor contrac-
tions (closed arrow) resulting from an episode of
laughing. These contractions are each associated
with concomitant urethral relaxation (open
arrow). Note the absence of increased EMG activ-
ity indicating that detrusor sphincter dyssynergia
is not present.

24.4 The Effect of Bladder
Filling

Filling of the bladder is one of the common stimu-
lants of detrusor activity. In Fig. 24.4 simultaneous
urethrocystometry is performed in the sitting
position. The urethral pressure measuring trans-
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ducer is situated at peak urethral pressure and
closure pressure is indicated in that channel. The
true detrusor pressure tracing is flat until 180 ml
has been instilled into the bladder. Since the rectal
pressure is slightly greater than the bladder pres-
sure throughout, the true detrusor pressure is arti-
factually placed below the zero line. The detrusor
pressure is recorded and gradually the pressure
increases (arrow). The patient is asked to inhibit
the contraction but this is not possible. She can,
however, increase pelvic floor activity as seen in
the EMG tracing (curved arrow). This voluntary
urethral contraction is insufficient to overcome the
reflex urethral relaxation accompanying this
involuntary detrusor contraction. Gradually the
detrusor contraction diminishes as the bladder
empties. A cough (open arrow) does not affect the
outcome of this event and does not result in pres-
sure equalization.

These examples of detrusor instability induced
by a variety of different events demonstrates
the multitude of diverse stimuli capable of
influencing detrusor activity. Detrusor instability
is diagnosed when involuntary detrusor activity
cannot be suppressed by the patient. This
definition presupposes that the physician per-
forming the urethrocystometry always requests
that the patient inhibit any detrusor contraction.
Lack of inhibition can only be determined after
the patient fails to inhibit the detrusor activity.
One of the major goals of the urodynamicist is to
differentiate detrusor instability from genuine
stress incontinence. The close temporal associ-
ation of coughing with detrusor activity empha-
sizes the difficulties encountered by the clinician
in trying to make this distinction. Significant
errors will be made in the absence of the objective
evidence provided by a urodynamic study.
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Fig. 24.3. Laugh-induced detrusor instability during urethrocystometry.
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Chapter 25

The Acontractile Bladder

The acontractile bladder is characterized by its
ability to accept large volumes of fluid with little
or no increase in intravesical pressure. Although
the absence of detrusor contractions may be an
unmistakable sign of normal detrusor control,
large bladder volumes may be a sign of detrusor
muscle decompensation. Retention of large
volumes of urine may be a learned phenomenon
in some women, taught by well-meaning mothers
and grandmothers who tell their little girls not to
void in an “unclean” place such as the toilet at
school. The child learns to delay voiding for long
periods of time. This may be carried over into
adult years as a matter of habit reinforced by a
lack of time at work for regular voiding. School
teachers, nurses and other women with busy
occupations characterize this type of patient. All
is well until evidence of bladder decompensation
occurs at which time detrusor contractile activity
is lost. The patient may still be able to empty her
bladder completely simply by relaxation of her
urethra. When this is not possible, incomplete
emptying results with accompanying retention of
large volumes of residual urine. Repeated
episodes of cystitis may result from the inability
to evacuate infected urine. The susceptibility to
cystitis may also be increased by the relative
ischemia induced by the excessive bladder
volumes in these patients.

Many of these patients have complaints of
stress incontinence which may be due to overflow
incontinence but the distinction of genuine stress
incontinence from overflow incontinence is
difficult by clinical examination alone. This differ-
entiation is made possible by objective uro-
dynamic testing with electromyography.

In Fig. 25.1 this bladder is able to accept 1200 ml
of fluid without any increase in detrusor pressure.
Detrusor pressure will be found to increase as the
elastic limits of the bladder wall are reached.
When filling is started the urethral pressure trans-
ducer is adjusted to peak urethral pressure. First
sensation occurs at 450 ml. This is a delayed
response and raises the question of partial detru-
sor denervation. The sensation of bladder fullness
is also delayed to 1000 ml. The maximum cysto-
metric capacity was 1200 ml. Periodic coughing
does not cause any detrusor activity or demon-
strate pressure equalization. Periodic rhythmic
fluctuations of pressure are found in the primary
pressure channels. These represent exaggerated
pressure responses to breathing and talking.
Urethral closure pressure remains steady without
evidence of instability (Chapter 32). The detrusor
does not contract voluntarily even when the
patient attempts to void. The acontractile bladder
is an important part of the differential diagnosis
when confronted with a patient with stress incon-
tinence since the distinction of genuine stress
incontinence from overflow incontinence is an
important consideration. Residual urine determ-
inations are an important factor in the evaluation
of the acontractile bladder. Another integral part
of the urodynamic study is a determination of the
voiding mechanism which for most of these
patients will be by urethral relaxation with or
without an accompanying Valsalva maneuver. In
long-standing cases, patients may adapt by using
Credé maneuvers to empty their bladders. Self-
catheterization is used as a primary treatment for
these patients and usually will resolve the inconti-
nence and prevent recurrent infections.
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Chapter 26

Detrusor Sphincter Dyssynergia

Detrusor sphincter dyssynergia is defined as the
lack of external sphincter relaxation during volun-
tary voiding. This should not be confused with
the term “detrusor dyssynergia” which has been
applied to the unstable bladder. Detrusor sphinc-
ter dyssynergia frequently results in an incom-
plete voiding effort with elevated residual urine
volumes. This condition commonly accompanies
detrusor hyperreflexia and may occur in some
patients without neurologic disease as a habitu-
ation to using a “guarding” reflex to prevent
urinary leakage with detrusor instability. The first
defense against urine loss is the voluntary con-
traction of the external striated sphincter of the
urethra when an unstable bladder contraction
occurs. With time this voluntary contraction
becomes almost involuntary (habituation) and
occurs automatically every time a detrusor con-
traction occurs. The end result is evidenced by the
trabeculation found in the bladder on cystoscopic
examination, the increased EMG activity of the
pelvic floor during attempted voiding, and the
seemingly paradoxical increased residual urine
volumes resulting from this involuntary obstruc-
tion to urine flow.

In this example (Fig. 26.1), the patient with
detrusor hyperreflexia secondary to a cerebral
vascular accident is asked to void (arrow).
Increased EMG activity of the pelvic floor is
recorded through the perianal patch electrodes.
This occurs immediately with the request to initi-
ate micturition. Intermittently increased EMG
activity occurs with detrusor contractions until it
becomes virtually constant. Intermittent episodes
of urethral relaxation occur but are quickly
aborted by contraction of the urethral skeletal

musculature as is evidenced by the increased
EMG activity (open arrows). Voiding remains
ineffectual and incomplete due to continued
external sphincter activity as evidenced in the
EMG recording. This occurs despite strong initial
detrusor contractions (up to 98 cmH,0O) followed
by abortive contractions of decreasing strength. A
350 ml residual was found at the end of the study
after the patient voids only 100 ml (uroflow not
pictured).

Detrusor sphincter dyssynergic voiding patterns
may accompany detrusor hyperreflexia where it
accounts for the paradoxical elevated residual
urine volumes frequently seen with this condition.
It may also occur without incontinence. The
knowledge that a patient voids dyssynergically is
prognostically important when incontinence
surgery is contemplated since this type of obstruc-
tion during voiding may lead to prolonged
catheter drainage and retention postoperatively.
Treatment for detrusor sphincter dyssynergia is
crucial to prevent recurrent urinary tract infection,
vesicoureteral reflux and renal damage. The main-
stay of treatment is the establishment of safe effec-
tive emptying through intermittent
self-catheterization. This may be augmented by
pharmacologic attempts to relax the striated and
smooth muscle of the urethra. Alpha blockers,
smooth muscle relaxants and diazepam have been
used to block urethral spasm and decrease urethral
resistance. Baclofen may also be used to block
skeletal muscle activity. Biofeedback has also been
used successfully. Where the condition is believed
to be non-neurogenic, treatment of the underlying
detrusor instability or urethral spasm may remove
the need for intermittent catheterization.
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Chapter 27

The Low Compliance Bladder

Compliance is defined as the increase in pressure
per unit of volume (V/P). Normally the bladder is
very compliant and may be filled to large volumes
with very little increase in detrusor pressure. The
low compliance bladder results from intrinsic
disease processes within the bladder wall which
result in fibrosis and decreased elasticity. This
decreased elasticity of the bladder wall is reflected
in the urodynamic tracing as a loss of accommo-
dation with a gradual pressure increase during
filling. This is frequently associated with a dimin-
ished bladder capacity in conditions such as radi-
ation cystitis. When the lack of bladder wall
compliance results in bladder pressure equaliza-
tion with the urethra, incontinience results in a
pattern similar to the atonic bladder when the
bladder can distend no longer but at much
smaller volumes.

In Fig. 27.1 a patient with prior pelvic irradia-
tion undergoes bladder filling during the cys-
tometrogram until at a bladder volume of 400 ml
the intravesical pressure gradually begins to
increase and eventually reaches 25 cmH,O at
500 ml (arrow). In this cystometrogram there is
also a decrease in proximal urethral resistance
with a decrease in urethral pressure associated
with some funneling at the bladder neck despite a
slight increase in EMG activity beginning at the
curved arrow. When pressure equalization is
reached (open arrow) this event is associated with
urine loss. This patient’s low compliance bladder
and incontinence is also associated with genuine
stress incontinence as evidenced by the pressure
equalization and urine loss with the cough at the
beginning of the study (curved open arrow).

Incontinence associated with the low compli-
ance bladder is another condition to be considered

in the differential diagnosis of genuine stress
incontinence. When a low compliance bladder is
found without a history of prior bladder irradi-
ation, other conditions such as interstitial cystitis
should be sought as a possible etiology. This may
be discovered by filling and refilling the bladder
to its maximal volume either in the office or in the
operating room under anesthesia in order to
produce the characteristic cystoscopic abnormali-
ties. Treatment of the low compliance bladder is
difficult when the condition is severe. For this
patient with a very mild loss of compliance, conti-
nence can be maintained by regular voiding or
prompted voiding. However, in severe conditions
where the functional bladder capacity is under
100 ml, conservative interventions such as anti-
spasmodics and anticholinergics are of little use
and patients require continent diversion or
bladder augmentation.
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Fig. 27.1. Reduced bladder compliance during urethrocystometry.



Chapter 28
Genital Prolapse

The gynecologist is frequently confronted with
patients who have incontinence associated with
pelvic floor relaxation and uterine prolapse.
Standard clinical and urodynamic evaluation will
determine the cause of that patient’s incontinence
and appropriate surgical therapy can be offered.
Many patients with genital prolapse do not have
incontinence and it is incumbent upon the
surgeon to determine if the patient will remain
continent after standard surgical repair proce-
dures. If a patient has normal urethral supports it
is likely that genuine stress incontinence will not
result. However, if urethral hypermobility is
present there is great likelihood that the patient is
artificially protected from incontinence by a
mechanical kinking effect which occurs in the
urethra during increases in intra-abdominal pres-
sure. It has been shown that these patients have
up to an 80% chance of becoming incontinent
after surgery if appropriate steps are not taken to
adequately support the urethrovesical junction.
By using a pessary, barrier or proctoswabs as
described in Chapter 34, these patients can be
detected and appropriate surgical management of
urethral hypermobility instituted at the time of
their reconstructive surgery.

In the example in Fig 28.1, characteristically
high pressure urethral closure pressure profiles
(>150 cmH,0) are evident in the resting state with
even further accentuation during Valsalva maneu-
vers. Note the increased “off the scale” pressure
of the Valsalva profile (solid arrow). The cough
pressure profile does not demonstrate pressure
equalization and there is a very large margin to
leakage with positive pressure transmission (open
curved arrow). If this patient is destined to
become incontinent with surgical reduction of her
genital prolapse, the insertion of a pessary to
resupport the prolapse in the urodynamic labora-

tory would result in marked loss of pressure in
the urethral closure pressure profiles. The cough
profile and/or Valsalva profile would become
positive with pressure equalization and demon-
strable urine loss.

In this tracing there are two artifacts. The first is
at the open arrow where the recorder was turned
off to produce the indicated markings. In addi-
tion, there is a subtraction artifact in the true
detrusor pressure channel as indicated by the
series of small pressure deflections at the small
arrows resulting from unequal pressure transmis-
sion to the bladder and vagina (bladder > vagina).

Genital prolapse is frequently accompanied by
kinking in the urethra which protects the patient
from urine loss during stress. Should this mechani-
cal obstruction be relieved by surgical reduction of
the genital prolapse, without due attention to the
provision of adequate support to the urethrovesi-
cal junction, postoperative incontinence will result.
Properly performed urodynamic studies will
determine if the patient will become incontinent
and will guide the surgeon to choose the best
surgical approach to prevent incontinence.
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Chapter 29

The Low Pressure Urethra

Patients maintain urinary continence by having
adequate intrinsic sphincteric activity and tone, as
well as, equal or positive pressure transmission to
the proximal urethra during increases in intra-
abdominal pressure. Most patients with genuine
stress incontinence have a condition where there
is urethral hypermobility which results in
decreased pressure transmission to the proximal
urethra. This deficit in the extrinsic continence
mechanism may be corrected by surgery and
compensated for by some non-surgical treat-
ments. However, deficits in the intrinsic urethral
resistance and sphincteric function are not usually
corrected by routine, anti-incontinence operations.
The intrinsic urethral resistance or sphincteric
function is maintained by a number of different
factors. Intrinsic skeletal muscle, smooth muscle,
elastic and collagenous tissues contribute to the
resting intraurethral pressure and tone. In addi-
tion, the periurethral vasculature and periurethral
skeletal muscle add to the intrinsic urethral resist-
ance. Mucosal coaptation also appears to play a
role in the intrinsic sphincteric function. If these
intrinsic factors are compromised, then resting
urethral pressure or resistance will be decreased.
It has been demonstrated that loss of resting
urethral resistance or pressure may cause urinary
incontinence, even when the proximal urethra is
well-supported. This is described as Type III stress
incontinence and will be discussed in Chapter 53.
Where urethral hypermobility and decreased ure-
thral resistance co-exist, the condition is called the
low pressure urethra. This condition is the single
largest risk factor for failure of routine anti-
incontinence operations. The low pressure urethra
has been defined as a resting urethral closure

pressure of less than or equal to 20 cmH,0 in the
sitting position at maximum cystometric capacity.
Various authors have shown that patients who
have a low pressure urethra may have up to a
54% risk of failing anti-incontinence operations,
such as the retropubic urethropexies and needle
suspensions. It has been suggested that these
patients need not only support and elevation of
the proximal urethra, but also something to com-
pensate for their lost intrinsic sphincteric function.
Obstructive procedures such as slings and
artificial urinary sphincters have been used in
these patients. Therefore, determination of which
patients have low urethral closure pressure in the
sitting position, while at maximum cystometric
capacity, is vital to the preoperative evaluation of
the incontinent female.

In Fig. 29.1, a 72-year-old female who had
undergone a prior Stamey bladder neck suspen-
sion is now found to have a low pressure urethra.
Her bladder has been filled to 300 ml which is her
maximum cystometric capacity. At this bladder
volume, resting urethral closure pressure profiles
reveal a marked decrease in urethral closure pres-
sure. The points of maximum urethral closure
pressure for both of these profiles are demon-
strated by the two arrows. The first, smaller arrow,
points to the closure pressure for the first profile
which is 12 cmH,0. The second profile (larger
arrow) demonstrates a closure pressure of
14 cmH,0. The functional length of the first
profile is 18 mm and the functional length of the
second profile is 20 mm. This patient, either
because of her advanced age, prior periurethral
procedure (Stamey procedure) hypoestrogenism
or a combination of these factors now has dramati-
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Fig. 29.1. Detection of the low pressure urethra during resting urethral closure pressure profiles.



cally decreased urethral resistance which accounts
for her marked urinary incontinence. The patient
wears an adult diaper and needs to change this
several times a day. Whereas a second needle sus-
pension procedure, such as a Stamey, Gittes,
modified Pereyra or Raz procedure might only
have a 50%—60% chance of curing her urinary
incontinence, a suburethral sling procedure should
have an 80%-90% chance of curing her urinary
leakage. In fact, this patient was successfully
treated with a Gore-Tex® suburethral sling proce-
dure with resolution of her incontinence.

This patient is also noted to have a negative
true detrusor pressure which goes off the scale.
This is due to the elevated rectal pressure during
these urethral closure pressure profiles. Initially,
the rectal pressure was calibrated to be equal to
the bladder pressure at the beginning of this
study. This made the true detrusor pressure zero
at the beginning of the urodynamic study.
However, during the preceding urethrocystome-
try study, the rectal pressure was noted to increase
from where it had been at baseline. This would
account for the subtraction artifact, leading to a
negative true detrusor pressure shown through-
out this Figure. Since true detrusor pressure is a
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relative measure, the absolute baseline pressure
measurement is not crucial.
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Chapter 30
Urethrovaginal Fistulas

Urethrovaginal fistulas characteristically result in
inactive pressure segments that are apparent
during urethral closure pressure profilometry. The
fistula usually destroys a segment of the urethral
wall leaving a void which reduces urethral pres-
sure at that area of the urethra. Inflammation and
scarring around the fistula site may also reduce
urethral pressure around the hole in the urethra.

In  Fig. 30.1 wurethral closure pressure
profilometry is shown in both the preoperative
and postoperative periods. In the preoperative
tracing the pressure profile begins at the curved
solid arrow. Positive pressure is seen initially in
the proximal urethral segment which rapidly
decreases as the fistula site is approached (solid
arrow). Urethral pressure then gradually increases
in the distal urethral segment beyond the fistula
(open arrow). In addition to the fistula the patient
also has a low pressure urethra.

Postoperatively a similar sequence of events is
observed with the repaired fistula site still
evident. The proximal urethral closure pressure is
more than doubled when compared to that found
preoperatively (open curved arrow). The pressure
profile is also longer than that seen preoperatively
due to the effects of the repair and specifically
from the interposition of a bulbocavernosus fat
pad graft which was used because of the compro-
mised blood supply to this area. Continence was
restored.

When a defect in the urethral wall exists either
in the form of a fistula or a diverticular orifice
(Chapter 31), that segment of the urethra becomes
inactive with diminished or no pressure present
in that location. If this is found unexpectedly
during a pressure profile, specific causes of that
localized loss of pressure must be determined.
The urodynamicist should always document that
urine loss is coming from the urethral meatus and
not from the vagina during increases in intra-
abdominal pressure as may occur in a urethro-
vaginal fistula.
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Fig. 30.1. Urethral closure pressure profiles before and after closure of a urethrovaginal fistula.



Chapter 31
Urethral Diverticula

Urethral diverticula produce changes in the ure-
thral closure pressure profile that are similar to
those produced by urethral fistulas as described
in Chapter 30. At the site of the diverticular orifice
there is a pressure sink created by the diverticular
neck which is reflected in a decreased pressure in
that area. Since several diverticula may be present
in a given urethra other studies are necessary to
localize precisely and determine the exact number
and extent of the diverticula.

Fig. 31.1 demonstrates an inactive segment with
negative closure pressure in the middle of the
urethra (arrow). Proximal urethral pressure is
lower than the pressure distal to the diverticulum.
The localization of the diverticular orifice in rela-
tion to peak urethral pressure is important in
determining the type of surgery to perform to
correct the diverticula. If the orifice is distal to
peak urethral pressure a Spence marsupialization
procedure may be performed without concern for
the development of postoperative incontinence. If
the orifice is proximal to peak pressure (as shown
here) marsupialization is not appropriate due to
the likely occurrence of incontinence in the post-
operative period. Such diverticula must be care-
fully dissected and removed.

If this type of pressure profile is discovered
without prior suspicion of any reason for an inac-
tive urethral segment, then the exact cause must
be ascertained. Although a urethral diverticulum
heads the list of causes of this type of profile,
urethrovaginal fistulas and damage from previous
surgery must be considered. The urethroscope is
particularly helpful in distinguishing these
various causes through direct visualization of the
fistula or diverticular orifice. When previous
surgery has been performed near the urethra, a

fistula must be considered but other possibilities
should be ruled out before this conclusion is
reached. A positive pressure urethrogram (Tratner
catheter study) is also very helpful to localize the
site of the pathology and to determine the extent
and number of urethral diverticula (Fig. 31.2).
Transvaginal ultrasound may be very helpful
when the diverticular neck is narrow or com-
pletely closed preventing transurethral filling of
the diverticula with contrast material. Fig. 31.1
shows considerable damage to the continence
mechanism from the diverticulum and great care
must be given to careful surgical excision of the
diverticulum so that further damage is avoided.
Resection at the diverticular neck after careful
transvaginal dissection, with closure of the ure-
thral defect using the diverticular neck itself mini-
mizes any further damage to the surrounding
urethral tissues.
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Fig. 31.1. Urethral closure pressure profile demonstration of the urethral diverticulum seen in Fig. 31.2.

Fig. 31.2. Tratner catheter urethrogram showing urethral diverticulum.



Chapter 32
Urethral Instability

Urethral instability is defined by most investiga-
tors as oscillations in the continuously measured
urethral pressure of greater than 15 cmH,0 with
or without associated incontinence. Some have
defined it statistically in a normal population
finding that pressure variation above one-third of
the resting maximum urethral pressure should be
viewed as abnormal. This definition would raise
the pressure threshold to variation greater than
25 cmH,0 before urethral instability was diag-
nosed. Urethral pressure oscillations must be
measured without other confounding variables
such as bladder filling, catheter or transducer
movement and changes in intra-abdominal pres-
sure. Several investigators have shown that these
pressure oscillations come from changes in skel-
etal muscle activity, smooth muscle activity or a
combination of the two. Urethral instability has
been associated with symptoms of urgency and
frequency as well as with detrusor instability.
Where urine loss is due only to urethral relax-
ation, we prefer to use the term uninhibited
urethral relaxation to describe the condition
(Chapter 33). Ambulatory urodynamic studies
suggest that urethral instability may just be a
harbinger of detrusor instability with involuntary
bladder contractions eventually being found in
almost all of these patients.

In Fig. 32.1 the patient is initially voluntarily
squeezing the skeletal component of her urethral
sphincteric mechanism during the early filling
stages of the cystometrogram. She then voluntarily
relaxes the activity of her skeletal sphincter for a
short period of time (open arrow). Shortly there-
after, wide variations in pressure begin again but
are involuntary. Many of these pressure oscilla-

tions are greater than 50 cmH,O. Intermittent
leakage results when pressure equalization occurs
(curved arrow). These rapid excursions of pres-
sure are no longer under the control of the patient
and are now completely involuntary. No concur-
rent intravesical pressure increases are seen in the
true detrusor pressure channel. EMG activity
concomitantly increases in a fashion consistent
with increased skeletal muscle activity of the
pelvic floor. There is an artifactually depressed
true detrusor pressure recording which is due to
gradually increasing rectal pressure in the pres-
ence of stable bladder pressure (arrow).

The true significance of urethral instability is
still being debated in the medical literature. The
condition may be found in as many as 15% of
asymptomatic women who are totally continent.
Whether or not this is the beginning of a contin-
uum is unknown. The asymptomatic women may
develop urgency, frequency and urge inconti-
nence in the future. The true significance of this
condition will only be known as these women are
followed longitudinally with urodynamic studies.
Alpha blockers, alpha stimulators and central
relaxants such as diazepam have been used to
treat women who are symptomatic with varying
degrees of success.
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Chapter 33

Uninhibited Urethral Relaxation

Uninhibited urethral relaxation is a rare form of
incontinence which may complicate urethral
instability. The International Continence Society
defines this as a variant of urethral instability. In
one large series it was found to be the sole cause
of incontinence in 0.3% of cases. It is a condition
where the urethra relaxes in the absence of a
bladder contraction and results in urinary
leakage.

In Fig. 33.1 an isolated episode of urethral insta-
bility occurs (arrow) which is followed rapidly by
complete urethral relaxation (open arrow). This
relaxation is involuntary and results in urine loss.
There is no associated detrusor activity as indi-
cated by the absence of pressure increases in the
true detrusor pressure channel. There is an artifac-
tually increased true detrusor pressure in this
tracing which is consistent and resulting from the
unequal recording of abdominal pressure between
the rectal and bladder transducers.

Although this is a rare cause of incontinence it
must be considered as part of the differential diag-

nosis of genuine stress incontinence. In order
to diagnose wuninhibited urethral relaxation
definitively the investigator must be careful to
rule out associated detrusor instability.

It is unclear whether or not this disorder
represents an early stage in a continuum which
may culminate in the development of detrusor
instability. Treatment of uninhibited urethral relax-
ation has been successfully accomplished by
alpha-adrenergic therapy or anti-incontinence
operations.
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Fig. 33.1. Uninhibited urethral relaxation with urinary incontinence.



Section V

Special Tests



Chapter 34
Prolapse Pessary Tests

Urodynamic testing with and without pessaries or
other vaginal supports are necessary to evaluate
patients who have genital prolapse and associated
urethral hypermobility even if they do not
complain of urinary stress incontinence. This is
particularly important since the prolapse may
protect the patient from stress incontinence by a
mechanical kinking effect in the urethra during
periods of elevated intra-abdominal pressure
from coughing or other activities (Chapter 28).
Certain patients may apparently develop stress
incontinence following surgical repair of their
genital prolapse if sufficient attention is not paid
to providing permanent support to the urethro-
vesical junction. Urodynamics with a pessary or
other vaginal support is designed to simulate, in
the urodynamics laboratory, the surgical correc-
tion of genital prolapse without resupporting the
bladder neck. Urodynamic evaluation of these
patients with and without support of their genital
prolapse provides information on urethrovesical
function which may guide the surgeon in select-
ing the most appropriate surgical procedure for
that particular patient.

34.1 Urodynamic Study
Without Pessary

In the example in Fig. 34.1 urethral closure pres-
sure profiles are performed at maximum cysto-
metric capacity while at rest, during rectal
squeeze, urethral squeeze, Valsalva and repetitive
coughing as previously described (Chapters
15-17). This patient was a 54-year-old mother of
two children who had never complained of

urinary incontinence but for the past year had
noted prolapse of her cervix and proximal
anterior vaginal wall to the introitus. Q-tip testing
on initial evaluation did not demonstrate
hypermobility.

Of major importance is the recognition in the
rectal and urethral squeeze profiles of a marked
increase in pressure in the distal urethra (small
arrows). This dramatic increase of urethral pres-
sure most likely represents a mechanical kinking
effect which is only apparent when these ma-
neuvers are performed. Positive pressure trans-
mission is also demonstrated in the Valsalva and
cough profiles when compared to the resting
profile. This occurs because of the accentuation of
the kink from the descending cystocele during
increases in intra-abdominal pressure. All ma-
neuvers demonstrate continence.

There are some artifacts in the tracing. The
closed curved arrows indicate vaginal pressure
waves and the open arrows indicate a minimal
Valsalva effort accompanying the urethral and
rectal squeeze profiles. The open curved arrows
demonstrate the inequality of pressure transmit-
ted between the bladder and the vagina and the
effect this has on the true detrusor pressure.

34.2 Urodynamic Study with
Pessary Demonstrating
Continence

Fig. 34.2 demonstrates the changes seen in the
same patient as shown in Fig. 34.1 with genital
prolapse when a pessary was inserted. The study
is normal except for the absence of pressure
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augmentation during coughing and Valsalva, but
there is positive pressure transmission in the
proximal urethra during coughing (small arrow).
This might have been expected from her normal
urethrovesical junction anatomy without evidence
of urethral hypermobility on Q-tip testing.

One minor artifact exists at the arrow. This is a
subtraction artifact resulting from the unequal
pressure transmission between the bladder and
the vagina with positive deflections in the true
detrusor pressure. Multiple negative pressure arti-
facts in the true detrusor pressure are also noted
due to small vaginal contractions during the
study (curved arrows).

34.3 Urodynamic Study with
Pessary Demonstrating
Incontinence

Fig. 34.3 shows the cough and Valsalva urethral
closure pressure profiles of a 42-year-old multi-
parous woman with and without reduction of her
genital prolapse. She has uterine procidentia and
a cystocele which comes to the vaginal introitus.
She denies ever having any urinary incontinence.

The first cough and Valsalva profiles without
support of the prolapse show good maintenance
of closure pressure during increases in intra-
abdominal pressure with no clear kinking effects
such as seen in the previous figures. At the small
arrow, a pressure transmission ratio of 98.6% is
calculated from the midurethra during the cough
profile. In contrast, the large arrow in the second
cough profile shows a pressure transmission ratio
calculation from the same point along the urethra
when a pessary is supporting the genital prolapse.
This ratio is calculated as 68.3% in comparison
and is associated with pressure equalization and
negative pressure transmission during the entire
profile resulting in urinary leakage. Likewise, the
first Valsalva profile shown here demonstrates
good maintenance of functional length and
urethral pressure with a closure pressure of
approximately 28 cmH,O and a functional length
of 22 mm. In contrast, during the second Valsalva
profile with a pessary in place, the patient is noted
to have a functional length and closure pressure
of zero resulting in a large amount of urinary
leakage. These profiles, with and without support
of the genital prolapse, demonstrate the presence
of potential genuine stress incontinence in this
patient. Although she does not complain of

urinary incontinence initially, testing with support
of the prolapse to remove any potential mechan-
ical obstruction at the bladder neck or along the
urethra, reveals the presence of genuine stress
incontinence due to negative pressure transmis-
sion with pressure equalization. Had such testing
not been done, the patient may have undergone
corrective surgery for her genital prolapse and
had considerable genuine stress incontinence
following this. However, the proper performance
of urethral closure pressure profiles with support
of the genital prolapse, either using a pessary,
Sim'’s speculum or proctoswabs, reveals the pres-
ence of genuine stress incontinence and allows for
simultaneous surgical correction of the problem to
avoid urinary leakage.

In Fig. 34.3, there are no subtraction artifacts
noted during these profiles. However, in the rectal
pressure channel, the patient is noted to have no
tracing during the first cough profile. This channel
was inadvertently turned off during the first
recorded urethral closure pressure profile and
then switched on during the Valsalva profile that
followed. Despite the fact that this rectal pressure
was not recorded, subtracted pressures, such as
the true detrusor pressure which is dependent on
this value, continued to be accurately measured.
Thus, although the registration of the intra-
abdominal pressure is not seen on the rectal
channel during the first cough profile, we can
infer that its pressure registrations would have
been identical to those found in the bladder pres-
sure channel because there is a flat line recorded
throughout the true detrusor pressure tracing.

The patient with genital prolapse may have
varying degrees of prolapse of the bladder,
rectum, uterus or the presence of an enterocele
with or without accompanying urethral hypermo-
bility. Any patient who complaints of inconti-
nence under these circumstances deserves a
thorough urodynamic evaluation to determine the
nature of her incontinence prior to surgical inter-
vention. Perhaps even more important is the
patient with genital prolapse associated with
urethral hypermobility who does not complain of
incontinence. Due consideration must be given to
the possibility that this patient is protected from
incontinence by a mechanical kinking effect in her
urethra during stress. If this is not recognized the
urethrovesical junction may not be well supported
by the surgical correction of her genital prolapse
and postoperative incontinence may result.
Urodynamics with and without support of the
prolapse will determine whether or not the
patient will develop incontinence (potential
genuine stress incontinence) and will guide the
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Fig. 34.3. Dynamic urethral closure pressure profiles in a patient with genital prolapse and potential genuine stress
incontinence with and without pessary support.



110 Urodynamics and the Evaluation of Female Incontinence

surgeon to the performance of the most appropri-
ate surgical procedure. Such urodynamic investi-
gations may also reveal hidden detrusor
instability in women with prolapse who do not
complain of urge incontinence but may have
symptoms of frequency, urgency and nocturia. It
is important to diagnose this hidden detrusor
overactivity because long-term neglect of this
condition may lead to ureteral reflux or detrusor
decompensation and retention due to repetitive
high pressure involuntary bladder contractions
against an obstructed bladder neck.
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Chapter 35

Urethral Denervation Testing

This test relies on Cannon’s hypothesis that a den-
ervated organ becomes hypersensitive to its neu-
rotransmitter. Since the urethra is primarily an
alpha-adrenergic organ, its denervation should
produce a hypersensitivity to alpha-adrenergic
stimulants. This hypersensitivity should be
reflected in a higher urethral pressure in the
urethral closure pressure profile after administra-
tion of the drug compared to the baseline urethral
pressure. The drug used in testing is ethyl-
phenylephrine in a usual dosage of 4 mg IV.
Urethral closure pressure profiles are obtained
before and after its administration for compari-
son. An increase of 15 cmH,0 is considered posi-
tive and evidence of denervation of the urethra.

35.1 Baseline Profiles

In Fig. 35.1 the urethral closure pressure before
the drug has been administered is 20 cmH,0 in
these two resting profiles. The only artifacts in the
tracing are the rhythmic pressure decreases seen
in the true detrusor pressure channel, the first
three of which are represented by the small
arrows. These result from vaginal peristaltic
movements as seen in the vaginal pressure
channel (curved arrow). The very small regular
oscillations in pressure seen in the bladder pres-

sure channel throughout the study are from res-
piratory activity.

35.2 Alpha-Adrenergic
Profiles

Five minutes after the administration of the alpha-
adrenergic stimulant the closure pressure
increases to 3540 cmH,0. In Fig. 35.2 this pres-
sure increase indicates the denervated nature of
this urethra. The only artifact in the tracing is the
increased urethral pressure induced by Valsalva
during the performance of the first profile
(arrow). This causes a mild decrease in closure
pressure in the first profile compared to the
second. Note the absence of significant pressure
variations in the true detrusor pressure tracing.
This is one approach to the diagnosis of urethral
denervation. Another more direct approach is in
the measurement of specific EMG patterns in the
skeletal component of the urethral sphincteric
mechanism. The diagnosis can be made directly
when fibrillation potentials and other evidence of
denervation can be found. It has been recently
reported that 80% of patients with stress inconti-
nence may have evidence of urethral denervation.
The very important question is then raised as to
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Fig. 35.1. Urethral closure pressure profiles in a patient with urethral denervation before ethylphenylephrine testing.
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Fig. 35.2. Urethral closure pressure profiles in a patient with urethral denervation after ethylphenylephrine administration
(same patient as in Fig. 35.1).
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whether or not stress incontinence is primarily a
neurologic disease rather than an anatomical one.
Future research is needed to resolve this issue.
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Chapter 36

Vesical Denervation Testing

This test is similar to urethral denervation testing
in that it relies on Cannon’s hypothesis that a
denervated end organ will give an exaggerated
response when re-exposed to its neural transmit-
ter. The test is performed to identify detrusor
areflexia in cases of decentralization of the
bladder. The test is performed by first obtaining a
baseline cystometrogram. This is followed by the
administration of 0.03 mg/kg of bethanecol chlor-
ide subcutaneously. The usual dose is 2.5 mg.
Bethanecol should not be used in patients with
asthma, cardiac disease or hyperthyroidism as it
may induce bronchospasm, hypotension and
atrial fibrillation in these patients. A second
postadministration cystometrogram is done 30 min
later. Alternatively, the intravesical pressure can
be measured continuously after the introduction
of a known amount of fluid into the bladder.
Recording continues until an increase of 15 cmH,O
occurs or 30 min has passed. A test is considered
positive with either method when an increase in
detrusor pressure of 15 cmH,O or more occurs. It
is a fairly accurate test for diagnosing detrusor
denervation in most series.

In Fig. 36.1 the bladder pressure gradually
increases from the arrow and reaches a peak of
15 cmH,0 as seen at the open arrow in the true

detrusor pressure channel. Minimal fluctuations
of pressure occur in the urethral pressure and
urethral closure pressure channels which are of no
significance.

Although a pressure rise of 15 cmH,0 is the
established criterion for diagnosis of a denervated
detrusor, interpretation can be difficult. Rarely is a
detrusor so totally denervated that an unequivo-
cally positive test results. The denervation is often
partial and may not be detected by the test result-
ing in a false negative rate as high as 50% in one
study.
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Fig. 36.1. Detrusor denervation testing using bethanechol during urethrocystometry.



Chapter 37

The Bladder Cooling Test

It is well recognized that people, especially those
with detrusor overactivity, will note an increase in
urinary urgency and frequency when exposed to
cold. Studies in felines have demonstrated specific
cold receptors in the bladder which when stimu-
lated with low volumes of an iced solution will
trigger an immediate bladder emptying reflex.
This reflex occurs at bladder volumes and pres-
sure thresholds well below those of tension recep-
tors in the bladder suggesting an afferent limb
different from that associated with the micturition
reflex and detrusor overactivity. Bors originally
described the classical ice water test in 1956 to
distinguish between parasympathetic upper
motor neuron lesions and lower motor neuron
lesions. Instillation of 100 ml of sterile ice water
through an 18F -catheter led to rapid expulsion of
the catheter and/or fluid within 10 s in patients
with suprasacral lesions but was negative in those
with sacral or peripheral lesions. The test has been
modified to a urodynamic test from its simpler
original clinical version over the years to avoid
missing low pressure-evoked contractions and
false negative tests caused by the presence of
detrusor sphincter dyssynergia in many of these
patients with detrusor hyperreflexia. It is still a
simple test that should be negative in normal
individuals but does not appear to distinguish
clearly between patients with detrusor instability
and detrusor hyperreflexia. In addition, it is not as
accurate in distinguishing between upper and
lower motor neuron disease largely because not

all women with upper motor lesions will have a
positive iced saline or iced water test.

The test is performed by rapidly infusing 100 ml
of saline at 0°C into an empty bladder over 20 s at
the time of urethrocystometry while monitoring
the pressure increase in the bladder. The patient is
also asked about sensation as this is often lost
with spinal lesions, but most normal women will
be able to feel the cold. In Fig. 37.1 the arrow
demonstrates the initiation of the iced saline infu-
sion with an almost immediate increase in detru-
sor pressure associated with delayed urethral
relaxation (curved arrow) in this woman with
detrusor instability. The involuntary detrusor
contraction is sustained over a long period of time
and reaches a maximum pressure of 37 cmH,0 at
the open curved arrow. She starts to expel the iced
saline 12 s into the study but the bladder con-
tinues to contract throughout.

This woman was a neurologically normal
patient on clinical exam who complained of urge
incontinence but had negative supine, sitting and
standing urethrocystometry studies. The iced
saline or bladder cooling test was able to provoke
the involuntary contractions in the office where
other maneuvers failed. It is quick, simple and
easy to perform with or without urodynamic
monitoring and may help detect detrusor insta-
bility where urethrocystometry cannot. The
bladder cooling test may also be used to try to
distinguish between upper and lower motor
neuron lesions. :
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Fig. 37.1. The bladder cooling test with iced saline infusion to detect detrusor overactivity.
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Chapter 38
The Stop Test

The stop test demonstrates isometric detrusor
contractions in situations where the pressure
generated by a detrusor contraction cannot be
measured under ordinary circumstances. Pressure
recording under such conditions is not possible
due to the absence of urethral resistance with
unobstructed free flow through the bladder neck.
This test allows for the observation of the hidden
contraction and the measurement of the intravesi-
cal pressure it generates. This test is helpful when
it is important to know precisely whether or not
the detrusor is actually contracting.

The test is performed during a voiding effort
when the patient is asked to stop her urinary
stream. The patient responds by increasing
urethral closure pressure through a voluntary
contraction of her pelvic floor musculature. This
increases urethral resistance. Since the detrusor is
now contracting against a closed bladder neck a
pressure rise is seen in the true detrusor pressure
which is due to the recording of the isometric
detrusor contraction. Alternatively, urinary flow
can be stopped by mechanical digital compression
of the urethra.

In Fig. 38.1 the patient’s voiding effort begins at
the curved arrow with urethral relaxation.
Simultaneously the patient begins a Valsalva
effort (open curved arrow). Urine flow continues
until the distal urethra is mechanically obstructed
by digital pressure at the external meatus (open
arrow). The isometric bladder contraction
becomes immediately evident (arrow) and
measures 45 cmH,0O. Prior to obstruction of the
urethra it appeared that the patient was voiding
by Valsalva without a bladder contraction. But the
bladder contraction is present throughout the
voiding effort even though unregistered until the
bladder neck was obstructed.
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Fig. 38.1. The stop test during a voiding pressure study to detect the isometric bladder contraction.



Chapter 39

Pelvic Floor Stimulation: Effect on Detrusor

Activity

Electrical stimulation of the pelvic muscles has
been used for over 25 years to control detrusor
overactivity and genuine stress incontinence.
From studies in cats, it is believed that the mechan-
ism of detrusor inhibition is through reflex in-
hibition of the pelvic nerve after stimulating
afferently along the pudendal nerve. This mech-
anism takes advantage of the vesicoinhibitory
reflexes which allow one to stop a bladder
contraction at the end of micturition by contract-
ing the periurethral skeletal muscle. Transvaginal
and transanal electrical stimulation has been
reported to be successful in improving or curing
detrusor overactivity in up to 90% of patients.
The effects of pelvic floor stimulation on the
detrusor may be evaluated with multichannel
urethrocystometry studies as described in
Chapter 20. The patient in Fig. 39.1 was noted on
a prior urethrocystometry study to have involun-
tary uninhibited detrusor contractions occurring
at a bladder volume of around 200 ml. During this
study, the urethral pressure transducer has been
placed in the mid urethra where it registers a low
urethral closure pressure of 12 cmH,0O (Chapter 20).
The bladder pressure at the beginning of the
study is also about 10 cmH,O with the true detru-
sor pressure zeroed at the beginning of the study.
During the study water is progressively infused
into the bladder, as is routinely done during
urethrocystometry, to a maximum capacity of
500 ml at the end of the study. Meanwhile, the
patient is being given alternating pulses of electri-
cal energy through a transvaginal electrical stimu-
lator set at a frequency of 10 Hz. With each
stimulus the amperage is progressively increased

to a maximum of 90 mA (as shown in the top
electromyography channel), at which point the
patient feels discomfort from the stimulation. One
millisecond alternating stimulus pulses are given
for 5 s with a 5 s rest period in between. This
office technique of acute maximal stimulation
may be used for therapy or as a screening study.
When it is used for therapy, repetitive sessions are
done weekly for 20-30 min with the stimulator for
six weeks. This particular study was being done
to evaluate whether this patient would be a good
candidate for chronic home stimulation with a
device and method similar to that described in
Appendix A, p. 180. Results during this initial
30 min stimulation period show that the patient
had a significant increase in her maximal cysto-
metric capacity and suppression of her involun-
tary bladder contractions, thus making her a good
candidate for pelvic floor stimulation.

Also, of interest is the change in urethral pres-
sure with progressive stimulation. This will be
discussed in the next chapter but this urodynamic
tracing demonstrates a marked increase in ure-
thral closure pressure which rises during stimula-
tion from 12 cmH,O up to 90 cmH,O (arrow).

Small negative changes are seen in the true
detrusor pressure throughout the study (small
arrows) which are caused by increases in rectal
pressure caused by the 5 s pulses of electrical
stimulation which cause the rectum to contract.
This technique may also be used in patients with
fecal incontinence.

Urethrocystometry may be used to monitor the
effect of pelvic floor stimulation in the treatment
of detrusor instability. Studies may be done
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Fig. 39.1. Acute maximal functional electrical stimulation during urethrocystometry to treat detrusor overactivity and
genuine stress incontinence with a low pressure urethra.



during electrical stimulation such as seen here or
they may be done following a 20-30 min session
of electrical stimulation to document poststimula-
tion detrusor suppression.
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Chapter 40

Pelvic Floor Stimulation: Effect on Urethral

Closure Pressure Profile

Pelvic floor stimulation (as discussed in Appendix
A) can be utilized to treat not only detrusor over-
activity but also genuine stress incontinence. It is
believed that the primary effect of electrical stimu-
lation for treatment of genuine stress incontinence
is to cause activation of the pelvic floor and peri-
urethral musculature via the pudendal nerve.
Repetitively contracting the skeletal muscle
around the urethra should create muscular hyper-
trophy with increasing muscle strength. This
translates into an increase in intraluminal urethral
pressure with intra-abdominal pressure eleva-
tions. Similar to physiotherapy with progressive
resistance exercises, it allows patients to develop
strong guarding reflexes to prevent leakage of
urine with anticipated voluntary increases in
intra-abdominal pressure.

Fig. 40.1 shows the traces from a patient being
studied in the supine position with a relatively
empty bladder (150 ml) before and during electri-
cal stimulation with a Contelle® (Crafon Medical
AB, Lund, Sweden) inflatable pessary stimulator.
This is one of numerous stimulators which have
been used successfully to relieve genuine stress
incontinence in 30%-60% of patients. Initially, two
urethral closure pressure profiles are done at rest
as described previously in Chapter 15 and the
patient is noted to have a closure pressure of
18 cmH,0O with a functional urethral length of
11 mm. The second two urethral closure pressure
profiles are done with a Contelle® device activated
in the vagina. In this situation the patient is noted
to have an increase in closure pressure to
25 ¢cmH,0 and an increase in functional urethral
length to 15 mm.

An acute change such as this suggests that pelvic
floor stimulation is able to activate the voluntary

skeletal muscle of the pelvic floor leading to an
elevation of the intraluminal urethral pressure.
One would assume, from this study that this
patient might benefit from continued electrical
stimulation with an improved response to rises in
intra-abdominal pressure with resolution or
improvement of her genuine stress incontinence.

Of interest during this study is the rectal peri-
stalsis that is noted during the measurement of all
four urethral closure pressure profiles. This vari-
ation in the rectal pressure is also reflected in the
calculation of the true detrusor pressure where
the patient is noted to have pressure variations of
up to 25 ecmH,0 (arrow). We know that this does
not represent involuntary detrusor activity during
this study because examination of the bladder
pressure channel shows no such pressure
increases. The pressure increases in bladder pres-
sure occur only with coughing at the beginning of
the pressure profiles (small arrows). This artifact
is due to rectal peristalsis as described in
Chapter 44.
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Fig. 40.1. Resting urethral closure pressure profiles before and during pelvic floor stimulation.



Chapter 41

The Effect of Hypogastric Nerve Block on

Detrusor Instability

When all medical therapies for detrusor instability
have failed partial denervation of the detrusor by
surgical hypogastric nerve resection may be indi-
cated for some patients. Although good results
may be obtained in up to 90% of selected patients
initially, recurrences are frequent in these and
other nerve resections or neurologic procedures. If
hypogastric nerve resection or phenol injection is
to be considered, preliminary evaluation of the
patient with unilateral and bilateral hypogastric
nerve blocks is indicated to determine the antici-
pated response of the detrusor muscle to surgical
resection or phenol injection of these nerves.
Assessment of detrusor function during filling
and micturition is accomplished after anesthetic
nerve block to look for resolution of detrusor
overactivity and to rule out detrusor areflexia.

In Fig. 41.1 the bladder is filled during a sitting
urethrocystometry study before hypogastric nerve
block. After a cough (arrow) urethral instability
becomes evident with wide, prolonged decreases
in urethral closure pressure without coincident
vesical pressure increases. Uninhibited detrusor
contractions begin at a volume of 200 ml during
bladder filling (open arrow) with concomitant
urethral relaxation (curved arrow). Further filling
of the bladder is not possible.

After a bilateral hypogastric nerve block (Fig.
41.2) bladder filling to 500 ml is accomplished
without evidence of detrusor contractions or
urethral instability. It is anticipated that such a
patient would have a good therapeutic response
to partial hypogastric nerve resection with resolu-
tion of her detrusor overactivity. Periodic cough-
ing, running water and handwashing fail to
trigger any involuntary contractions in this study.

At the arrow the urethral transducer is moved to
record maximal urethral pressure.

The hypogastric nerve block is performed by
injection of 5 ml of local anesthetic solution into
the bladder pillars. If the cervix is present injec-
tions are done at 10 and 2 o’clock relative to the
cervix about 1-2 cm deep. If the cervix is absent,
the approximate location of the urethrovesical
junction is determined and the same solution is
injected at 4 and 7 o’clock position about 1 cm
posterior to the urethrovesical junction and about
5 mm deep. After giving the block unilaterally, the
cystometrogram is repeated. The patient is then
asked to void and the residual urine volume is
determined by catheterization. This procedure is
repeated after bilateral blockade. The residual
urine determination is particularly important to
detect those patients who may not be able to void
after the procedure and who will require intermit-
tent self-catheterization on a permanent basis if a
denervation procedure is performed.
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Chapter 42

The Effect of Pudendal Block on the Urethral

Closure Pressure Profile

Certain patients will present with irritative lower
urinary tract symptoms that defy conventional
therapies. Under these circumstances, urody-
namic evaluation may reveal a marked elevation
of the urethral closure pressure suggesting over-
activity of one of the components of the urethral
sphincteric mechanism. Frequently it is the volun-
tary skeletal muscle component which is respons-
ible. By performing a bilateral pudendal block, the
contribution of the skeletal muscle to the urethral
sphincteric mechanism can be determined.

Fig. 42.1 demonstrates two urethral closure
pressure profiles in the sitting position at
maximum cystometric capacity before doing a
pudendal block. The closure pressure is 130 cmH,O
(arrow). Vascular pulsations (open arrow) can be
seen at peak pressure which are coincident with
the cardiac rate. Note the true detrusor pressure
channel where the baseline is not properly placed
on the chart paper.

Fig. 42.2 shows that the urethral closure pres-
sure has decreased to 35 cmH,O after pudendal
block indicating that the contribution of the
voluntary skeletal muscle to the urethral sphinc-
teric mechanism is 95 cmH,O. Note the improp-
erly located baselines in each pressure measuring
channel (curved open arrows). Zero pressure in
each channel should be keyed to the zero point on
the graph recorder or computer screen at the start
of each tracing and each channel should be read
with this in mind.

Considering the 73% contribution of the volun-
tary skeletal muscle to total urethral closure pres-
sure (which is far more than its normal 30%-35%
contribution) treatment should be directed toward

lowering this skeletal muscle spasm. This can be
accomplished by central relaxants such as
diazepam given in a short two-week dosage
schedule. Diazepam should be used with caution
due to its hepatic toxicity. Alpha blockers, smooth
muscle relaxants and true skeletal muscle relax-
ants, such as baclofen may be used to relax the
urethra. Biofeedback may also be useful in lower-
ing this voluntary skeletal muscle activity. Local
sources of irritation and chronic inflammation
should also be searched for and treated, such as,
urethrotrigonitis, chronic cystitis, urethral diver-
ticula, intravesical foreign bodies, and interstitial
cystitis. Elevated urethral pressures may also be
secondary to an exaggerated guarding reflex in
association with detrusor instability. It is apparent
that a thorough urogynecological evaluation is
essential to provide for proper diagnosis and
therapy in these patients.
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Fig. 42.1. Urethral closure pressure profiles before pudendal block.
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Fig. 42.2. Urethral closure pressure profiles after pudendal block in the same patient as in Fig. 42.1.



Chapter 43

Leak Point Pressure Testing

The leak point pressure is defined as the threshold
bladder pressure necessary to cause urinary
leakage during increases in intra-abdominal pres-
sure. It acts as a global assessment of the integrity
of urinary sphincteric function. Urethral closure
pressure is a measurement of the intraurethral
force generated by the muscular, elastic and
vascular components of the wurethra and
surrounding pelvic floor musculature; it does not
assess factors such as mucosal coaptation which
contributes to the continence mechanism. The
leak point pressure acts as a measure of urethral
opening pressure, the pressure necessary to force
urine out of the bladder into the urethra. It is an
easy test to perform but its reproduceability may
be limited unless the investigator is compulsively
consistent in performing this test.

A leak point pressure can easily be performed
following a subtracted cystometry study (in any
position) by removing the transurethral catheter
and measuring intra-abdominal pressure with a
rectal or vaginal catheter. Alternatively, a small
transurethral pressure catheter may be used to
measure bladder pressure directly during leak
point pressure calculations. In patients without
detrusor instability, both abdominal and bladder
pressure should be equally effective in measuring
increases in bladder pressure. Although there is
no more effective method of approximating
bladder pressure than measuring bladder pres-
sure directly, the use of a transurethral pressure
catheter may act as a wick to alter mucosal coap-
tation and the leak point pressure. However,
comparative methodology and reproduceability
testing has not been done to answer these
questions.

Fig. 43.1 is the leak point pressure testing of a
43-year-old woman with pure genuine stress
incontinence. Her intra-abdominal pressure was
measured continuously with a transvaginal
catheter after removal of a dual microtransducer
catheter from the urethra. The patient is carefully
instructed to gradually strain harder and harder
until urinary leakage is first noted. It is a gradient
stress test with measurement of intra-abdominal
pressure. The slope of the gradient may greatly
alter the threshold at which the leak point pres-
sure is measured. As seen in Fig. 43.1, a lower
slope increasing Valsalva effort results in urinary
leakage at a lower pressure than a more rapid
Valsalva effort. Thus, unless the patient consist-
ently strains harder at the same rate and gradient,
the leak point pressure may vary significantly. We
attempt to repeat the test until the lowest pressure
which can produce stress incontinence is noted
(curved arrow). The leak point pressure at this
point is 128 cmH,0O. Alternatively, if maximal
straining does not cause urinary incontinence, the
test is considered negative and the highest
abdominal (or bladder) pressure achieved is
recorded.
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Fig. 43.1. Leak point pressure measurements.



Section VI
Urodynamic Artifacts



Chapter 44

Rectal and Vaginal Peristalsis

Rectal and vaginal peristaltic activity frequently
obscures urodynamic tracings and complicates
interpretation. It is a common source of artifact
and its effects must be taken into account when-
ever it occurs. Due to the fact that the true detru-
sor pressure is derived by subtraction of rectal or
vaginal pressure from bladder pressure, any
increase in rectal or vaginal pressure results in a
decrease of recorded pressure in the true detrusor
channel. A small increase in the bladder pressure
channel due to detrusor activity would ordinarily
be manifested in the true detrusor channel even
when the baseline intra-abdominal pressure
increases due to Valsalva or coughing because
they are equally recorded by the abdominal (rectal
or vaginal) pressure and bladder pressure trans-
ducers. In the presence of intrinsic rectal or
vaginal peristaltic activity, such an increase in
bladder pressure may be obscured by randomly
occurring increases in pressure produced by this
peristaltic activity. Whenever intrinsic rectal or
vaginal peristaltic activity is present, the primary
bladder pressure channel must be carefully exam-
ined for evidence of intrinsic detrusor activity.

In Fig. 44.1 the marked rectal peristaltic waves
are evident in the rectal pressure channel (open
arrow). These are accompanied by an inverse
pressure response in the true detrusor pressure
channel (curved open arrow). Rectal peristaltic
pressure waves periodically have cough pressure
spikes superimposed (curved solid arrow).

These pressure waves are so intense that detru-
sor activity cannot be appreciated in the true
detrusor pressure channel. However, the bladder
pressure channel reveals the presence of detrusor
contractions as indicated (arrows). Note the
absence of detrusor pressure activity in the true

detrusor pressure channel. The urethral closure
pressure profiles are essentially uninfluenced by
the marked rectal peristaltic activity. Note that the
intrinsic bladder overactivity does not coincide
with actual urethral closure pressure profile
measurement. If it did coincide, it would result in
a decrease in measured urethral pressure, thereby
artifactually altering closure pressure. Under
these circumstances urethral closure pressure
would have to be manually determined from the
primary urethral pressure channel.

In Fig. 44.2 there are multiple rhythmic vaginal
peristaltic waves of pressure increase in the
vaginal pressure channel (arrow). These are
distinguished from regular Valsalva activity by
the fact that there is no pressure change seen in
the bladder pressure tracing. These vaginal peri-
staltic pressure waves are reflected by mirror
image decreases in the true detrusor pressure also
occurring in wave-like form (open arrow). The
urodynamicist must be alert to this type of artifact
due to its potential effect on the interpretation of
the tracing. Care must be taken to continuously
evaluate all pressure channels as the study
progresses. When such artifacts are found, the
urodynamic tracing must be interpreted carefully
accounting for the impact of the artifactual
changes.

This accentuates the need to examine fully all
pressure channels to completely evaluate the
urodynamic tracing especially when there is
marked rectal or vaginal peristaltic activity. The
physician will have to subtract pressures manu-
ally and rely on the primary pressure channels
under these circumstances to reveal any coexist-
ent detrusor activity.
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Fig. 44.1. Rectal peristalsis obscuring detrusor overactivity during urethral closure pressure profiles.
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Fig. 44.2. Vaginal contractions during urethrocystometry distorting true detrusor pressure measurements.
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Chapter 45

Transducer Placement and Poor Calibration

Transducer placement and measurement artifacts
occasionally interfere with the interpretation of
urodynamic tracings. The orientation of the
microtransducer catheter (lateral, anterior, pos-
terior) may dramatically alter the pressure
measured within the urethra, especially during
urethral closure pressure profiles. In addition, the
placement of the abdominal pressure measuring
transducer in a scarred vagina or into stool in the
rectum may greatly influence the ability to
measure the total intra-abdominal pressure.
Routinely, care is taken to avoid these artifacts by
constantly checking transducer placement before
any type of profile is recorded. A lateral orienta-
tion of the urethral microtransducer should be
used to ensure consistent results. However, even
with these precautions transducer placement may
change during the profile, particularly during the
dynamic measurements associated with Valsalva
and cough profiles. More rapid paper speeds
(5 mm/s) used during Valsalva profiles also
accentuate this artifact. Placement of the intra-
abdominal pressure transducer in the vagina or
rectum should be checked for equal pressure
transmission when compared to the bladder and
the catheter site changed if transmission is not
optimal.

As shown in Fig. 45.1, transducer placement
and response is first checked by asking the patient
to cough (arrow). Essentially the same pressure is
measured in each of the primary pressure measur-
ing channels. No significant changes are seen in
the subtracted pressure channels (curved arrows)
indicating equal pressure being measured by all
transducers, and, therefore, good placement and
pressure pick-up by the individual transducers.
During the Valsalva profile, there is a pressure

increase measured in the true detrusor pressure
channel which starts at the open arrow. This
might be misinterpreted as a detrusor contraction.
If this is the only evidence of a contraction in the
tracing then further investigation is needed.
Further evaluation is best accomplished by a
series of brief Valsalva-inspire-Valsalva ma-
neuvers. Differences between pressure transmis-
sion through the vagina and through the bladder
to reach these respective transducers has caused
this subtraction artifact. This is evident in the true
detrusor channel where the pressure increases
show an exact temporal relationship to the
Valsalva effort. The intervening nadir (curved
open arrow) represents the decreased pressure
associated with the inspiratory effort in between
Valsalva efforts. Further inspection of the primary
pressure measuring channels reveals that the
vaginal transducer is not registering as much
pressure as the intravesical transducer. At the end
of the first Valsalva effort the intravaginal pres-
sure is 25-30 cmH,O (long arrow) whereas at the
curved arrow the intravesical pressure is 45 cmH,0O.
This accounts for the 15-20 cmH,O difference
recorded in the subtracted true detrusor pressure
channel at this point in the study. Such analysis
clarifies these pressure increases and indicates
that they are due to the imperfect transmission of
intra-abdominal pressure to the vagina and to the
intravaginal pressure transducer. The cough
profile further substantiates this conclusion since
the differential pressure artifacts are recorded
(small arrows) in the true detrusor pressure
tracing for the very same reason.

Careful analysis of the urodynamic pressure
tracing is always indicated with continuous
inspection of all pressure and EMG measuring
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Fig. 45.1. Poor pressure pick-up by vaginal pressure transducer during dynamic urethral closure pressure profiles.



channels as the test is being performed. The
tracing may reveal many artifactual pressure
measurements which may lead to misinterpreta-
tion and the establishment of erroneous diag-
noses. As seen in this example, one of the most
difficult artifacts to interpret is when pressure
transmission between organs is equal one minute
and unequal the next. This occurs more frequently
with the dynamic cough and Valsalva profiles and
must be searched for when unusual pressure
events are seen to occur on the subtracted trac-
ings. The physician performing the urodynamic
study must be alert to these possibilities and
constantly alter his study techniques as the need
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arises to prove or disprove his diagnostic
impression.
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Chapter 46

Filling Catheter Artifacts

Cystometry and urethrocystometry may be
accomplished in a number of different ways. One
of the variables that influence the performance of
urethrocystometry is the size of the catheter or
catheters in the urethra utilized to perform the
cystometrogram. Research has shown that the
larger the catheter or catheters in the urethra,
the larger is the artifact that is introduced into
the study. Any movement of the catheter distend-
ing the urethra will increase skeletal muscle activ-
ity as reflected by periurethral EMG activity.
Distention of the urethra will normally increase
intraurethral pressure to varying degrees depend-
ing on the elasticity of the urethra. Ideally one
would like to perform urethrocystometry with an
infinitessimally small catheter which is immobile
relative to the urethra. Mictrotransducer catheters
with central filling apertures are available as
shown in Fig. 46.1, but these are more expensive
than single lumen water catheters or microtrans-
ducer catheters with separate filling catheters.
Urethrocystometry can be done with a urody-
namic pressure measuring catheter together with
a filling catheter, usually either a pediatric feeding
tube (5F) or an angiocath (12 or 14 gauge). The
addition of secondary filling catheters may
produce a considerable amount of artifact in the
recording of urethral pressure and may influence
detrusor activity. This catheter-induced artifact is
demonstrated in Figs. 46.2 and 46.3. Fig. 46.2
shows the most common pattern, where the
patient’s intraurethral pressure and closure

pressure are markedly elevated with the filling
catheter in and significantly reduced when the
filling catheter is removed. However, the opposite
picture can also be seen, as in Fig. 46.3 where the
urethral closure pressure actually rises when the
filling catheter is removed. Here, it is likely that
the filling catheter dampens any increase in intra-
luminal urethral force as sensed by the micro-
transducer membrane. The dampening effect is
most likely to occur if the filling catheter lies
between the pressure-measuring transducer and
the urethral wall.

If separate filling catheters are used, one should
be careful to remove these catheters before the
performance of urethral closure pressure profiles.
In addition, one needs to recognize that urethro-
cystometry done with a second catheter in the
urethra may alter quantitative results when
compared to studies done with a single small
microtransducer catheter. Care should be taken to
ensure that the filling catheter is not lying in front
of the microtransducer membrane.
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Fig. 46.1. Dual channel microtransducer catheters with and without central filling port.

Fig. 46.2. Positive artifact with and without secondary filling catheter (5F) in the urethra during urethral closure pressure
profiles.

Fig. 46.3. Negative artifact with and without secondary filling catheter (5F) in urethra during urethral closure pressure
profiles.



Chapter 47

False Negative Cough Profiles

Occasionally cough profiles will demonstrate a
positive margin to leakage under the curve and
yet each cough will be associated with coincident
urine loss. This emphasizes the need to correlate
urodynamic findings with clinical parameters
continuously as the study proceeds. It is evident
that erroneous interpretation of the study would
be made by a third party with only the tracing of
the study to review without the knowledge that
urine loss occurred coincident with each cough.
In Fig. 47.1 margin to leakage of more than
15 ecmH,0O closure pressure remains under each
profile (small arrow) and there is positive pres-
sure transmission with coughs in the mid urethra
yet urine loss occurs with each cough. Varying
cough strengths do not account for this phenom-
enon since all coughs produce essentially the
same pressure increases in the vaginal and
bladder pressure recordings. The transducer local-
ization cough of the second cough profile (solid
curved arrow) does not demonstrate a subtraction
error since no alteration of pressure measurement
results in the urethral closure pressure channel
(open curved arrow). The only artifact is in the
true detrusor pressure channel where the slightly
greater abdominal pressure transmission to the
vagina compared to bladder results in negative
deflections (large arrows) coincident with each
cough. Throughout the entire tracing the detrusor
remains inactive as indicated by the otherwise flat
pressure curve in the true detrusor pressure
tracing. The exact explanation for this phenom-
enon remains unknown, but may be related to the
use of unidirectional semirigid microtransducer
catheters. These catheters measure force in a non-
fluid-filled space like the urethra and may

measure elevated “pressures” in the urethra
secondary to impact of the microtransducer
against the urethral wall with coughing. This is
especially likely if there is some flexion or kinking
in the urethra. This measurement of impact force
against the microtransducer membrane has
nothing to do with the actual intra-abdominal
pressure transmission to the urethra as can be
seen in this example where urethral closure pres-
sure must be zero or less to allow for urinary loss.
Another possibility is that urine passing through
the urethra with each cough exerts pressure on
the transducer as it passes by, thus giving a false
indication of remaining positive closure pressure.

The false negative cough profile again empha-
sizes the importance of recognizing that urody-
namic studies must be interpreted in view of
coexisting clinical observations. In this case, the
observation that urine was lost through the
urethra during coughing in the absence of detru-
sor activity was critical to the interpretation of the
tracing. One must also be careful that such urine
loss is not secondary to a fistula which would give
the same urodynamic appearance. Differentiation
is made by the observation of vaginal rather than
meatal urinary leakage.
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Fig. 47.1. False negative cough urethral closure pressure profiles in a patient with genuine stress incontinence.



Chapter 48

Transducer-Induced Artifacts

Artificially increased detrusor pressure measure-
ments may occur due to pressure on the micro-
transducers from hitting the bladder wall. This
occurs more frequently when the bladder is rela-
tively empty and the transducer is in motion. This
artifact is usually avoided by placing at least 150 ml
of fluid into the bladder prior to introduction of
the microtransducer catheter. Even with fluid in
the bladder, if there are defects in the support of
the bladder wall, the transducer may hit the
bladder wall creating a falsely elevated pressure
recording due to the force of this contact. This
pressure increase must be distinguished from the
elevated pressure associated with the unstable
bladder.

As shown in Fig. 48.1 there is a pressure
increase in the bladder pressure channel (arrow)
which is reflected in the true detrusor pressure
channel (large arrow). The pressure curve is char-
acterized by a sharp upward pressure increase
followed by a slower decrease in pressure. This
occurred between the two pressure profiles imme-
diately after the urethral microtransducer had
been replaced into the bladder. Therefore, if this
recorded pressure increase in the bladder pressure
tracing were truly a detrusor contraction, the
same pressure increase would be measured by
the urethral microtransducer which was in the
bladder at the time (open curved arrow). The

pressure increase occurring during replacement of
the transducers into the bladder is indicated by
the solid curved arrow. There are mild variations
throughout the rectal and bladder pressure trac-
ings due to minimal increases in intra-abdominal
pressure associated with respiration.

Any increases of pressure in the true detrusor
pressure channel must be considered due to
intrinsic vesical activity until proven otherwise.
Since artifacts may also cause such pressure
increases, they must be eliminated as a cause of
the pressure increase. When the pressure increase
is directly associated with movement of the trans-
ducer, particularly when the bladder is relatively
empty or known to be poorly supported, the etiol-
ogy of the pressure increase is quickly known to
be artifactual. Generally this type of artifact
occurs sporadically under these circumstances.
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Fig. 48.1. Artifact during urethral closure pressure profiles secondary to transducer contact with the bladder wall.



Section VII
Postoperative Urodynamics



Chapter 49

The Effect of Retropubic Urethropexy on the
Resting Urethral Closure Pressure Profile

The effect of the Burch retropubic urethropexy on
the urethral closure pressure profile is variable
from patient to patient. Only occasionally is an
increase in closure pressure observed when post-
operative urodynamic studies are performed.
More commonly functional length increases,
although this is also a variable finding. Most of
the studies in the literature have not divided
patients according to various presurgical events.
Especially important is the patient who has had
previous surgery for incontinence. Since these
procedures may alter the normal function of the
urethra through the production of fibrosis, dener-
vation and devascularization, they are especially
important and may affect the response of the
urethral sphincteric mechanism to the present sur-
gical procedure. The recent realization that a high
proportion of patients with genuine stress inconti-
nence may have a primary neurological disease,
as evidenced by denervation potentials in the
skeletal musculature of the pelvic floor and
altered nerve conduction velocities is especially
important and must be considered.

In Fig. 49.1 the preoperative resting urethral
closure pressure in the first two profiles is
35 cmH,0 and the functional length is 3.2 cm.
After performance of a Burch retropubic ure-
thropexy, the closure pressure increased to
65 cmH,0 and the functional length increased to
3.5 cm as seen in the second two profiles. It is
unusual to find an increase in both closure pres-
sure and functional length postoperatively in non-
obstructing procedures like the Burch procedure.

An artifact is present in the preoperative tracing
from unequal pressure registration of abdominal
pressure between the bladder and vagina result-
ing in a negative deflection in the true detrusor
pressure tracing (arrow) during the transducer
localization cough. Note the artifact in the postop-
erative tracings produced by the erratic vaginal
pressure recording from peristalsis (solid curved
arrow) which produces a mirror image in the true
detrusor channel (open curved arrow). Since this
may obscure intrinsic detrusor activity due to the
unstable bladder, the primary bladder pressure
tracing must be reviewed for evidence of possible
detrusor overactivity (Chapter 44). In this
example none is found.

Postoperative urodynamic studies are now
considered essential for the proper analysis of the
results of a surgical procedure performed to
correct urinary incontinence. Any other state-
ments of cure must be considered subjective and
subject to change when the appropriate studies
are done.
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Fig. 49.1. Resting and dynamic urethral closure pressure profiles before and after retropubic urethropexy.
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Chapter 50

The Effect of Retropubic Urethropexy on the
Dynamic Urethral Closure Pressure Profile

The most consistent finding in the postoperative
period in successfully treated patients is the pres-
ence of positive pressure transmission during
increases in intra-abdominal pressure. The usual
profile preoperatively is characterized by pressure
equalization with each cough and no margin to
leakage. Various dynamic profiles are done
routinely in the urodynamic evaluation of the
incontinence patient. These may include rectal
and urethral sphincter tightening, Valsalva and
cough profiles (Chapters 15-17). The sphincter
tightening profiles are compared to the resting
profile in order to determine whether or not the
patient has the voluntary ability to tighten the
skeletal muscles of the pelvic floor and urethra.
When this ability exists an increase of pressure in
the respective profile will be measured. The
Valsalva and cough profiles are dynamic record-
ings done during constant or intermittent
increases in intra-abdominal pressure as dis-
cussed in Chapter 17. These profiles are done
primarily to stress the urethral sphincteric mecha-
nism and to determine the presence or absence of
pressure equalization causing incontinence.

In this patient (Figs. 50.1 and 50.2) the re-
establishment of positive pressure transmission as
demonstrated in both the Valsalva and cough
profiles accounts for restoration of continence.
The proximal urethra has been appropriately
repositioned in an intra-abdominal location where
it can now properly receive transmitted intra-
abdominal pressure. This improved transmission
of abdominal pressure to the urethral lumen is the
mechanism by which continence is restored. This
urethral stabilization is helped by the increased

urethral closure pressure and the increased
functional ability to augment closure pressure
voluntarily. The patient may also regain the
ability reflexively to increase closure pressure
during stress by more efficient voluntary contrac-
tion of the pelvic floor.

The preoperative tracing in Fig. 50.1 begins
with the resting urethral closure pressure profile
which demonstrates a maximal closure pressure
of 20 cmH,0. The patient retained the ability to
contract the urethral sphincter voluntarily as
demonstrated in the rectal and urethral sphincter
tightening profiles which have maximal closure
pressures of 35 cmH,O (small curved arrows).
This pressure increase is seen primarily in the
proximal urethra. There is an accompanying
increase in EMG activity with each profile
(arrows). As is the case with many women there is
a coincident Valsalva effort (large arrow) with
each profile. The Valsalva activity interferes with
the proper measurement of the augmenting
profile and the patient must be coaxed to mini-
mize it and encouraged to relax her abdominal
wall while contracting her urethra or rectum.

During the Valsalva profile a short distance of
positive closure pressure is observed which
rapidly gives way to pressure equalization and
urine loss (curved arrow). Similarly the cough
profile demonstrates pressure equalization with
each cough (small arrows). Although there is a
pressure differential artifact between the bladder
and rectum which is demonstrated in the true
detrusor pressure channel (open arrow), there is
no intrinsic detrusor activity present during any
of the profiles.
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The Effect of Retropubic Urethropexy on the Dynamic Urethral Closure Pressure Profile
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In the postoperative urodynamic tracing after
retropubic urethropexy (Fig. 50.2) there is
improvement in each parameter studied. Closure
pressure increased in the resting profile from 20 to
35 cmH,0 and the functional length increased
from 2.8 to 3.0 cm. The rectal and urethral tighten-
ing profile responses became more definite with a
similar pressure increase which is sustained for a
longer period of time. There is a minimal Valsalva
effort in the first profile (arrow). The margin to
leakage under the Valsalva profile is now
sustained at 55 cmH,0 (angled arrow). The cough
profile shows a change from consistent pressure
equalization with urine loss with each cough
preoperatively to positive pressure transmission
(small arrows) and a 35 cmH,0O margin to leakage.
Although these are dramatic changes in this
particular patient, these parameters may change
in successfully treated patients to a greater or
lesser degree.

The most consistent postoperative urodynamic
change is a conversion of the cough profile from
one with consistent pressure equalization into one
with positive pressure transmission. Whereas pos-
itive pressure transmission to the proximal
urethra is restored after successful anti-inconti-
nence operations, the normal timing of urethral

pressure increases preceding bladder and abdom-
inal pressure spikes is lost. This suggests that
surgery does not correct the normal reflex activity
of the skeletal pelvic floor musculature that may
be compromised in women with genuine stress
incontinence. Postoperative urodynamic studies
are essential to objectify the results of anti-
incontinence operations and to provide a basis for
comparison between institutions and between
procedures.
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Chapter 51

The Effect of Suburethral Sling Procedure on
the Dynamic Urethral Pressure Profile

The low pressure urethra is defined as a urethra
with a closure pressure of equal to or less than
20 cmH,0 in the sitting position at maximum
cystometric capacity. Its importance lies in the
fact that it is associated with an increased rate
of surgical failure when standard surgical
approaches are used. Urodynamic evidence of
cure is present in <50% of patients when a Burch
retropubic urethropexy procedure is performed in
patients with genuine stress incontinence with
low urethral pressure. This high risk of failure
has also been found with other routine anti-
incontinence operations which do not attempt to
obstruct the urethra. These patients respond more
predictably to a suburethral sling procedure or
artificial sphincter which may directly increase
urethral resistance by intermittent or continuous
urethral obstruction.

In this example (Fig. 51.1) the urodynamics of a
patient with low urethral closure pressure is
shown pre- and postoperatively. In the preopera-
tive tracing the Valsalva and cough profiles are
shown which demonstrate continuous inconti-
nence. The slight increase of pressure in the true
detrusor pressure channel (curved arrow) is
related to unequal pressure transmission between
the bladder and the vagina. The small pressure
increase at the end of this Valsalva urethral
closure pressure profile on the urethral pressure
tracing is the pressure curve recorded as the
urethral microtransducer is returned to the
bladder in preparation for the next cough profile.
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