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   Foreword    

 The foreword is a strange literary custom. It doesn’t contribute any additional 
 information about the book’s subject matter, but serves essentially to introduce the 
author and content. In the case of Dr. Rovner and his new book ,  it is a pleasure and 
honor for me to do both. 

 I have had a long and close relationship with Dr. Rovner since he completed our 
Fellowship program in Pelvic Medicine and Reconstruction at UCLA. I have rarely 
encountered a person with the academic vision, personal integrity, commitment to 
education, dedication to his patients, and surgical skills that Dr. Rovner possesses. 

 His book, accordingly, is outstanding. Until now there was no comprehensive 
resource to learn in a systematic and practical way the quick evaluation and analysis 
of urodynamics. Dr. Rovner has brought together the best specialists in the fi eld to 
write  Urodynamics: rapid and practical interpretation.  This book sheds a very 
timely and needed light on the occasionally shadowy fi eld of urodynamic studies. 

 The book is cleverly organized to help the reader learn procedures and interpreta-
tion in stages. The fi rst part of the book is a guide to the performance of urodynamic 
studies, with sections for equipment, technique, indications, artifacts, and even cod-
ing for the studies. The second part is about interpretation, with sections for bladder 
capacity, sensations, involuntary contractions, changes in compliance, obstruction, 
and stress incontinence. The third and most innovative section is dedicated to the 
examination of sample cases by which the reader can test his or her knowledge. 

 The organization of the book provides the reader with a methodology for read-
ing and interpreting the UDS tracing in a structured, reproducible, and accurate 
way. Unlike virtually all previously published UDS books, which are organized 
around disease states and applicable urodynamic fi ndings, this book breaks down 
the urodynamic tracings into their component parts and salient features and then 
applies these fi ndings to various disease states. For the fi rst time, we are offered 
an objective diagnostic approach that accurately represents how EKG tracings are 
actually interpreted. 

 While the book is not primarily meant to teach urodynamic techniques, there are 
chapters on a number of related areas including: purchasing a urodynamics machine, 
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billing for the studies, recognizing artifacts, and optimizing the diagnostic value of 
the UDS study. The selected urodynamic cases are challenging and interesting, 
most of them are straightforward examples of specifi c pathology. These cases were 
carefully selected to illustrate most clearly the salient points under consideration in 
each section. 

 In this book, Dr. Rovner has continued in his quest to explore new theories and 
ideas with clear and practical answers that everyone can comprehend. While it is 
directed to general urologists, gynecologists, and residents, it will be of great value 
to trainees in Pelvic Medicine and Reconstructive Surgery and specialists in the 
fi eld as well. The casual reader will be impressed by the book’s readability and 
comprehensiveness, while practitioners will be astonished by its depth of detail. 
This remarkable book is a must in the library of any physician performing urody-
namic studies.  

  Los Angeles, CA, USA     Shlomo     Raz, MD     

Foreword 
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  Pref ace    

 Urodynamic studies have been widely utilized in both Urology and Gynecology for 
decades. Such tests provide critical information about the function, physiology, and, 
in some instances, the anatomy of the lower urinary tract including the urinary blad-
der, urethra, and surrounding soft tissues including pelvic fl oor muscle, nerves, and 
connective tissue. Although urodynamics have been performed for decades, there is 
not a well-established or standard method of interpretation of these studies. Several 
seminal documents from the ICS, IUGA, SUFU, and AUA over the past two decades 
have guided performance of the study and standardized terminology, but none pro-
vide specifi c organization or direction in the reading and interpretation of these 
complex studies [1–4]. 

 Urodynamic studies are expensive and invasive and yet few practitioners may 
consider themselves truly expert in their performance or especially their interpreta-
tion. Beyond the basic interpretation of studies, subtle nuances in the tracings can 
impart important meaning in the reading of the test. A well done and properly read 
urodynamic study yields meaningful clinical information which has signifi cant 
impact on the individual’s healthcare. However, a poorly performed study, or a mis-
interpreted or incompletely read study, is not only uncomfortable and morbid for the 
patient, but can also result in misdiagnosis and inappropriate interventions. 

  Rapid and Practical Interpretation of Urodynamics  brings a simple, quick, and 
very practical approach to the understanding and analysis of urodynamic studies. 
There have been several urodynamics texts published over the past few decades. 
Without exception, these encyclopedic textbooks are written and categorized by 
disease or condition. This structure is not consistent with the paradigm in which 
urodynamics are most often performed and interpreted in practice. The urodynamics 
study is commonly done in patients who have symptoms but do not yet carry a diag-
nosis, or who have not appropriately responded to initial therapy. The study is there-
fore used as a means to defi ne their condition, prognosis, or direct management. 
Furthermore, in patients with lower urinary tract symptoms presumably due to a 
defi ned clinical condition, such as Parkinson’s disease, the urodynamic studies are 
performed to confi rm the expected fi ndings as well as exclude confounding conditions. 
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However, ultimately the management is directed by the urodynamics and thus the 
complete and accurate interpretation of the study is critical. 

 Instead of the disease specifi c approach to the interpretation of urodynamics, 
 Rapid and Practical Interpretation of Urodynamics  is structured around specifi c 
types of patterns seen on urodynamic tracings. The majority of the textbook con-
sists of actual urodynamic tracings annotated and fully interpreted by the authors. 
Multiple examples of each type of fi nding are provided with attached expert com-
mentary. The expert commentary expands on the potential clinical signifi cance of 
the tracing and, where appropriate, discusses its importance diagnostically, prog-
nostically and the implications for clinical management. The emphasis in this 
book is on the interpretation of actual patterns seen on such tracings and their 
meaning, as well as the identifi cation of potentially misleading artifacts or “look-
alikes.” This is a distinctly innovative method to learning urodynamics. The trac-
ings will be interpreted and then associated with the disease/condition (“ground-up 
approach”) as opposed to the disease/condition being associated with the tracing 
(“top-down approach”). 

 The approach utilized in this book is novel to learning urodynamics but is not 
unique in medical education. As compared to the pressure-fl ow urodynamic tracing, 
an analogous graph/tracing type of diagnostic study is the electrocardiogram (ECG). 
The classical textbook on ECG from which many medical students fi rst learn inter-
pretation of these studies is Dale Dubin’s “Rapid Interpretation of EKGs,” now in 
its sixth edition from Cover Inc [5]. This textbook teaches the interpretation of 
EKGs from the perspective of the tracing and then relates such fi ndings to potential 
disease states. This format is readily adaptable to urodynamics. 

  Rapid and Practical Interpretation of Urodynamics  consists of three parts. Part I, 
Urodynamic Basics, is an overview of urodynamic studies along with practical 
information on the performance and selection of these tests. Part II, Interpretation 
of Tracings, forms the majority of the textbook. This portion of the book is orga-
nized into sections: (1) the normal study, (2) abnormalities of bladder fi lling and 
urinary storage, and (3) abnormalities of bladder emptying. Overall the emphasis 
in this section is on the interpretation of multi-channel pressure-fl ow urodynamics 
tracings. Fluoroscopic images are also included. This section consists of actual 
urodynamics tracings, annotated, highlighted, and interpreted by the chapter 
author. Using a combination of the functional classifi cation of voiding dysfunc-
tion as popularized by Wein [6], and a simple to remember acronym, “the 9 C’s of 
Urodynamics” (see Chap.   2     ) , all the aspects of a proper and complete interpreta-
tion of the pressure- fl ow urodynamic study are well organized within an easy to 
understand framework. Part III, Final Examination, consists of a series of 
“unknowns.” Part III will allow the reader to test their newly acquired skills in 
interpreting urodynamic studies. 

 It is hoped that this book will assist practitioners in helping a broad population of 
patients who are currently being underserved or suboptimally treated. This book is 
applicable to    any reader who is interested in this standardized approach, but will be 
especially useful to the practitioner who desires more practical knowledge in the 
performance of urodynamics.  Rapid and Practical Interpretation of Urodynamics  

Preface 

http://dx.doi.org/10.1007/978-1-4939-1764-8_2


xi

provides practitioners with a practical, easy-to-read, and well-organized approach 
to the performance and analysis of pressure-fl ow urodynamics. 

     Charleston, SC, USA     Eric     S.     Rovner, MD    
 San Marcos, CA, USA     Michelle     E.     Koski, MD    
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    Chapter 1   
 Urodynamic Studies: Types and Indications 

             Benjamin     M.     Brucker       and     Victor     W.     Nitti    

           Introduction 

 The origin of the word “urodynamics” dates back to 1954, when David Davis used 
this term while presenting work on upper tract pressure and renal injury [ 1 ]. Since 
that time our understanding of the urinary tract, the equipment used to test, and even 
the defi nition of urodynamics (UDS) has expanded signifi cantly. Now “urodynam-
ics” refers to a collection of tests that aim to provide the clinician information about 
the lower urinary tract during bladder fi lling/storage and emptying [ 2 ]. 

 There are numerous conditions and diseases that affect the lower urinary tract 
and disrupt the storage and/or evacuation of urine. This can lead to bothersome 
symptoms (e.g., urinary incontinence or pain from failure to empty) or, in some 
cases, potentially harmful sequela. Depending on the complexity of the symptoms, 
condition, or patient, varying degrees of precision may be required to assess urine 
storage and emptying to optimally treat patients. UDS is the dynamic study of the 
transport, storage, and evacuation of urine. It is comprised of a number of tests that 
individually or collectively can be used to gain information about urine storage and 
evacuation. UDS involves the assessment of the function and dysfunction of the 
urinary tract and includes the actual tests that are performed (UDS studies) and the 
observations during the testing (UDS observations) [ 3 ,  4 ]. The actual UDS studies 
chosen will depend on the amount of information and degree of precision required 
to comfortably treat a patient. 

        B.  M.   Brucker ,  MD      (*) •    V.  W.   Nitti ,  MD    
  Department of Urology ,  New York University Langone Medical Center , 
  150 East 32nd Street, Second fl oor ,  New York ,  NY   10016 ,  USA   
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 UDS are considered an interactive diagnostic study of the lower urinary tract [ 5 ]. 
The clinician should be using these “tests” to answer a specifi c question (or questions) 
about normal function and/or dysfunction. The clinician needs to fi rst understand the 
tools that make up UDS, so that the appropriate evaluation can take place. We follow 
three important rules before starting the UDS evaluation [ 6 ]:

    1.    Decide on questions to be answered before starting a study.   
   2.    Design the study to answer these questions.   
   3.    Customize the study as necessary.    

  Before the clinician can know what test to perform, a clear history and focused 
physical examination are needed. The more salient information the clinician has 
prior to testing, the more effective they can be at tailoring tests toward an individual 
patient. Frequency–volume charts or bladder diaries are very useful tools that help 
ensure that other urodynamic tests provide meaningful information. A bladder diary 
provides useful real life information of how often a patient voids, what his/her func-
tional bladder capacity is, and on the volume of fl uid intake and urine output. 
Correlation of UDS fi ndings with a bladder diary can help to avoid errors of inter-
pretation. This is especially important when one considers that UDS is preformed in 
an “artifi cial” environment where we try to obtain “real life” information. 

 There are three critical “good urodynamic practice elements” [ 7 ]:

    1.    Have a clear indication for, and appropriate selection of, relevant test measure-
ments and procedures.   

   2.    Ensure precise measurement with data quality control and complete 
documentation.   

   3.    Accurately analyze and critically report results.  This includes interpreting UDS 
in the context of a patient ’ s history and symptoms .    

  It is important that the staff involved with patient preparation for UDS (espe-
cially invasive testing) is well trained, attentive, and supportive. The person per-
forming the actual study, if different from the clinician ordering the study, should 
have a clear understanding of why the tests are being performed and what critical 
information is necessary. Finally, patients should be properly prepared and told why 
the test is being done, how the results may affect treatment, and what to expect dur-
ing the actual UDS test.  

    Components of UDS 

    Post Void Residual 

 Post void residual (PVR) refers to the volume of urine left in the bladder immedi-
ately after voiding. It is one of the most basic and widely used urodynamic tests [ 8 ]. 
The PVR value can be obtained by ultrasound (bladder scan) and/or catheterization. 
The advantage of ultrasound is that it is less invasive and can usually be done 

B.M. Brucker and V.W. Nitti
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promptly to avoid additional input from the upper urinary tract that occurs if there 
is a delay prior to obtaining a catheterized specimen [ 9 ]. The bladder scan has been 
shown to correlate well with urine volume obtained from catheterization in many, 
but not all patients [ 10 ]. A PVR should ideally be obtained immediately after a 
“normal” void. Forced voids (i.e., when a patient does not have a desire to void) can 
lead to falsely elevated PVR. There are some situations where obtaining or inter-
preting bladder scans can be diffi cult (i.e., signifi cant abdominal ascites, obesity, 
large fi broids) and a catheterized PVR is favored. 

 Elevated PVR is suggestive of detrusor underactivity, bladder outlet obstruction, 
or a combination of both [ 5 ]. PVR alone cannot differentiate between the two. 
However, knowing that a patient does not empty completely may prompt further 
testing (see below), when it is important to determine the cause of the incomplete 
emptying. It is often diffi cult to determine what a “signifi cant” PVR is and even the 
recently published AUA/SUFU UDS Guideline states that a defi nition of exactly 
what constitutes an elevated PVR has not been agreed upon [ 5 ]. However, urologists 
generally agree that in some patients, an elevated PVR may be harmful. Therefore, 
when considering what an elevated PVR is and whether or not it is signifi cant, it 
must be considered in the context of a particular patient and his/her clinical presen-
tation. Unfortunately, there is not a lot of high-level evidence that correlates PVR 
with treatment outcomes. PVR can be falsely elevated in some patients who may 
not empty completely in the clinic setting or who were asked to void without a nor-
mal desire. PVR may vary in the same patient and an elevated PVR should be con-
fi rmed with a second measurement, especially if treatment is being considered 
based on the elevation.  

    Urofl owmetry 

 Urofl owmetry, or urofl ow is an objective way of “observing” the act of micturition 
[ 11 ]. Urofl ow assesses the rate of urine fl ow over time. When possible this test 
should be done free of any catheters, in a private room at a time when the patient 
feels the “normal” desire to void [ 8 ]. This allows for the clinician to assess a “nor-
mal” void. Patients should also be asked if the void was representative of their usual 
toileting [ 12 ]. 

 There are multiple data points that can be reported from non-invasive urofl owm-
etry. These include:

   Voided volume (VV—mL)  
  Flow rate (Q—mL/s)  
  Maximum fl ow rate (Q Max —mL/s)  
  Average fl ow rate (Q ave —mL/s)  
  Voiding time (total time during micturition—s)  
  Flow Time (the time during which fl ow occurred—s)  
  Time to maximum fl ow (onset of fl ow to Q max —s)    

1 Urodynamic Studies: Types and Indications



6

 In addition to these objective measurements, it is also important to observe the 
pattern or shape of the urofl ow curve. A normal urofl ow curve is bell-shaped 
(Fig.  1.1 ). Urofl ow curve interpretation is somewhat subjective because of diffi culty 
in qualitatively judging a pattern [ 11 ]. While certain patterns are suggestive of cer-
tain voiding dynamics (e.g., an interrupted or straining pattern with detrusor under-
activity and a fl attened pattern with a fi xed obstruction) one cannot defi nitively 
identify specifi c underlying abnormalities without detrusor pressure data (see inva-
sive pressure-fl ow UDS below).

   It is helpful to obtain a PVR after completion of urofl owmetry in order to fully 
understand bladder emptying. In addition, bladder-emptying effi ciency can be cal-
culated using the formula: VV/(VV + PVR). Voided volume will have a large impact 
on fl ow rate and can lead to variability in an individual patient. It has been suggested 
that maximum fl ow rates are not meaningful at voided volumes of less than 150 mL 
because of the hyperbolic relationship that exists in men between the two variables 
(maximum fl ow rate and voided volume) [ 12 ]. However for patients who cannot 
hold 150 mL, obtaining an “accurate” urofl ow can be impossible. In some patients 
urofl ow with voided volumes of <150 mL may not have to be discounted, but inter-
preted with caution. 

 Today, most urofl owmetry equipment utilizes one of two transducer types. The 
fi rst is based on weight. After setting the density of urine, the voided weight is mea-
sured and as this changes with time a fl ow rate is determined. The urine is voided into 
a container that sits on top of the weight transducer. The other method relies on a 

  Fig. 1.1    Three examples of urofl ow patterns: ( a ) Normal bell-shaped. ( b ) Obstructive pattern. ( c ) 
Straining pattern       
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rotating disk. Here the voided urine    is directed toward a spinning disk and alterations 
of the disk’s speed (and the electrical energy needed to keep the disc spinning at a 
constant rate) are converted into electrical signals that represent fl ow rate [ 13 ]. Other 
methods of urofl ow data collection are also available, but may have more limited 
practical application [ 14 ]. 

 Abnormalities in non-invasive urofl ow indicate that voiding phase dysfunction 
may exist. Figure  1.1  shows examples of an abnormal elongated fl ow curve and an 
interrupted/straining that suggest voiding phase dysfunction. However, urofl owme-
try, like PVR, does not allow the clinician to determine the cause of an abnormality 
(e.g., if slow fl ow is secondary to outlet obstruction, detrusor underactivity, or a 
combination of both).  

    Electromyography 

 Pelvic fl oor muscles and the striated urethral sphincter both have a critical role in 
bladder storage and emptying. Electromyography (EMG) is the test that best evalu-
ates these muscles. EMG is the study of electrical potentials generated by the depo-
larization of muscles [ 15 ]. In the setting of UDS, EMG is recording the motor unit 
action potential; this is the depolarization of the striated muscle fi ber that occurs 
when the muscle is activated by the anterior horn nerve cell. Needle electrodes or 
surface electrodes can record the action potential. The quality of EMG has often 
been cited as variable or problematic because of a poor signal source. Needle elec-
trodes are thought to be superior, however are often avoided because of patient 
discomfort and logistical diffi culty [ 16 ]. The more commonly used surface EMG 
was described in 1980 to determine relaxation of the pelvic fl oor as an indirect mea-
sure of the simultaneous relaxation for the external sphincter [ 17 ]. 

 EMG testing can be performed in isolation, however this test is usually com-
bined with other UDS tests. As an isolated test, EMG can allow the clinician to 
assess the voluntary contraction of pelvic fl oor muscles, confi rming that the cortico-
spinal tract is intact and the cortical function required to initiate the contraction of 
the external sphincter is working. 

 Passive continence does not require external sphincter activity in most cases. 
However, there does exist a somatic passive guarding refl ex that causes sphincter 
activity to increase as the bladder fi lls. Accurate measure with needle electrodes 
will often show a gradual increase in EMG activity with fi lling until a voluntary 
void is initiated. When using surface electrodes, one may not always see this pattern 
and may rather see a consistent signal. The EMG signal, assuming appropriate 
recording, should transiently increase if the patient performs a stress maneuver, i.e., 
straining or coughing (Fig.  1.2 ). When a voluntary void is initiated the fi rst UDS 
evidence of this is relaxation of the external sphincter and a decrease in EMG activ-
ity (Fig.  1.2 ). This is then followed by an increase in detrusor pressure and initiation 
of fl ow. In a neurologically normal person, failure of the external sphincter to relax 
will result in inhibition of a detrusor contraction.

1 Urodynamic Studies: Types and Indications
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  Fig. 1.2    Three examples of EMG activity: ( a ) Normal activity with increase due to coughing. ( b ) 
Appropriate relaxation of the EMG signal with voluntary voiding. ( c ) Increase of the external 
sphincter activity with voiding           
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   Normal EMG studies can lead to the exclusion of some diagnoses. However, the 
diagnostic utility is seen best in cases where it confi rms neurological or functional 
causes of voiding phase dysfunction [ 5 ]. When not attributed to artifact, inappropri-
ately increased EMG activity during the voiding phase is known as detrusor- external 
sphincter dyssynergia (DESD), when a neurologic lesion that can explain the dys-
synergia exists (typically a suprasacral spinal cord lesion) (Fig.  1.2 ). When there is 
no underlying relevant neurologic lesion, the failure of external sphincter relaxation 
(or increasing EMG) leads to a diagnosis of dysfunctional voiding (a learned behav-
ior of failed external sphincter relaxation during voiding). It is diffi cult to accurately 
predict when EMG information is going to be needed to explain voiding abnormali-
ties. Thus, because of the relatively easy methodology and low morbidity of obtain-
ing a surface EMG, EMG is often included as a channel in multichannel pressure-fl ow 
UDS studies [ 18 ]. 

 EMG activity can also be increased during micturition because of external fac-
tors or artifact, sometimes called “pseudo-dyssynergia.” This includes abdominal 
straining, movement, guarding refl ex, painful urination due to the presence of 
a urethral catheter, and wet or dislodged electrodes [ 19 ]. The interpretation of 
the study therefore should include all other available information. For example, if 
fl uoroscopy (discussed below) is obtained during voiding on studies where EMG 
contains artifacts, it may be used to discriminate between voiding patterns that 
would otherwise be differentiated by their EMG signals, i.e., dysfunctional voiding 

Fig. 1.2 (continued)
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(EMG activity is expected to be increased during voiding) and primary bladder neck 
obstruction (PBNO) (where EMG signal is expected to be quiescent) [ 7 ,  16 ]. Also, 
a completely normal urofl ow (Q max , Q ave , and pattern) usually will exclude signifi -
cant sphincter activity during voiding. EMG and/or urofl ow abnormalities seen on 
invasive UDS should be confi rmed with non-invasive urofl ow.  

    Cystometry 

 The cystometrogram (CMG) assesses the bladder’s response to fi lling. The CMG 
can measure fi lling pressure, sensation, involuntary contractions, compliance, and 
capacity. Sensation is the part of cystometry that is truly subjective and therefore 
requires an alert and attentive patient and clinician. The fi lling phase starts when 
fi lling commences and ends when the patient and urodynamicist decide that “per-
mission to void” has been given. The CMG is ideally started with an empty bladder. 
The bladder pressure (P ves ) is monitored and fl uid is infused into the bladder. This 
can be achieved using two separate catheters, or more commonly, a dual lumen 
catheter (usually 6–8 French) usually placed transurethrally (or much less com-
monly via a suprapubic stab incision). Guidelines exist regarding the technical spec-
ifi cation of these catheters [ 7 ]. It is important to note that changes in bladder pressure 
can represent a change in detrusor pressure (P det ), for example from a bladder con-
traction voluntary or involuntary, or a change in abdominal pressure (P abd ), for 
example from movement, Valsalva, etc. Though single channel studies that monitor 
only P ves  can provide information about bladder function, the recommended method 
to measure bladder pressure includes simultaneously measuring P abd , usually by 
placing a balloon catheter in the rectum or vagina. When both P ves  and P abd  are mea-
sured, the P det  can be calculated by using the equation: P det  = P ves  − P abd . 

 In addition to recording pressures during fi lling, the CMG study also should 
record the volume infused into the bladder during fi lling. Filling rates [ 1 ], fl uid 
temperature [ 7 ], and fl uid type [ 8 ] all need to be considered. Today most cystometry 
is done with liquid (most commonly saline or radiographic contrast in cases where 
fl uoroscopy will be used). The practice of gas CMG was historically described 
 [ 20 – 22 ], and is rarely performed any longer as it does not allow for studying the 
voiding phase. 

 Normally detrusor pressure should remain near zero during the entire fi lling 
cycle until voluntary voiding is initiated. That means baseline pressure stays con-
stant (and low) and there are no involuntary detrusor contractions (Fig.  1.3a ). 
Involuntary bladder contractions can occur with fi lling and are seen as a rise in P ves  
in the absence of a rise in P abd.  Urodynamically, this phenomenon is known as 
detrusor overactivity (DO). DO may be accompanied by a feeling of urgency or 
even loss of urine (Fig.  1.3b ). Another important parameter that the CMG measures 
is bladder compliance, the relationship between change in bladder volume and 
detrusor pressure. Normally the bladder is highly compliant and stores increasing 
volumes of urine at low pressure. However certain conditions may cause the bladder 
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  Fig. 1.3    Cystometrogram. ( a ) Normal low pressure fi lling. ( b ) Involuntary detrusor contraction 
(detrusor overactivity), there is a rise in P ves , but not P abd . ( c ) Impaired or low bladder compliance, 
with end fi lling pressure of over 40 cm H 2 O           
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pressure to rise in the absence of a distinct detrusor contraction. This is known as 
impaired compliance (Fig.  1.3c ) and can pose danger to the kidneys when this pres-
sure is transferred to the upper urinary tracts. It is diffi cult to defi ne what “normal 
compliance” is in terms of mL/cm H 2 O. In the literature mean values for normal 
compliance in healthy subjects range from 46 to 124 mL/cm H 2 O [ 23 – 25 ]. Various 
defi nitions of impaired compliance have been used (i.e., between 10 and 20 mL/cm 
H 2 O), however there is not a consistent defi nition based on mL/cm H 2 O. Stohrer 
et al. have suggested that a value of less than 20 mL/cm H 2 O is consistent with 
impaired compliance and implies a poorly accommodating bladder [ 26 ]. However, 
examples can be cited (i.e., small cystometric capacity) where this may not be the 
case. Therefore, in practical terms, absolute pressure is probably more useful than a 
“compliance number” or value. For example, it has been shown that storage >40 cm 
H 2 O are associated with harmful effects on the upper tracts [ 27 ].

   For patients who have incontinence, provocative maneuvers can be performed 
during CMG to assess urethral competence and diagnose stress urinary inconti-
nence (SUI). Patients can be asked to Valsalva or cough during fi lling. The abdomi-
nal leak point pressure (ALPP) is a measure of sphincteric strength or the ability of 
the sphincter to resist changes in abdominal pressure [ 28 ]. ALPP is defi ned as the 
intravesical pressure at which urine leakage occurs due to increased abdominal 
pressure in the absence of a detrusor contraction [ 1 ]. This measure of intrinsic ure-

Fig. 1.3 (continued)
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thral function is applicable to patients with stress incontinence. An ALPP can only 
be demonstrated in a patient with SUI. Conceptually the lower the ALPP, the weaker 
the sphincter. 

 In addition to providing information of fi lling pressures, the CMG can assess 
coarse bladder sensation and capacity. The International Continence Society (ICS)    
defi nes the following measures of sensation during bladder fi lling [ 1 ]:

    First sensation of bladder fi lling  is the feeling the patient has, during fi lling 
 cystometry, when he/she fi rst becomes aware of the bladder fi lling.  

   First desire to void  is the feeling, during fi lling cystometry, that would lead the 
patient to pass urine at the next convenient moment, but voiding can be delayed 
if necessary.  

   Strong desire to void  is defi ned, during fi lling cystometry, as a persistent desire to 
void without the fear of leakage.  

   Urgency  is a sudden compelling desire to void.  
   Maximum cystometric capacity , in patients with normal sensation, is the volume at 

which the patient feels he/she can no longer delay micturition (has a strong desire 
to void).    

 Various methods exist, but ensuring quality control and adhering to standardized 
practices and interpretation guidelines can achieve good inter-rater reliability [ 29 ].  

    Voiding Pressure-Flow Study 

 Once the bladder is fi lled to cystometric capacity, the voiding portion of the pressure- 
fl ow study can begin. This examines the emptying phase of micturition. The same 
bladder and rectal (or vaginal catheter in women) catheters are used while simulta-
neously collecting pressure data along with urofl owmetry (Fig.  1.4 ). Ideally, such a 
study should assess a voluntary void. When there is fl ow of urine during an involun-
tary detrusor contraction patients may contract the pelvic fl oor to prevent leakage. 
Such an event should be annotated on study. In addition, some subjects may have a 
diffi cult time voiding on demand in a public setting and with invasive monitoring in 
place. These stressors and the artifi cial environment of the testing need to be 
accounted for when interpreting the test. For example, some patients cannot volun-
tarily void during an urodynamic study due to discomfort or psychogenic inhibition. 
Therefore the lack of a voluntary voiding bladder contraction during UDS does not 
always indicate that a patient has a truly a contractile bladder. Such a fi nding needs 
to be placed in the context of other parameters (i.e., non-invasive fl ows, history, 
PVR, etc.) to determine if it is, in fact, testing artifact. Remember that in order to 
answer a clinical question, the symptom(s) should be reproduced during the study. 
For example if a man has a complaint of a slow urinary stream, and his pressure- 
fl ow study reproduced the slow stream which occurs with a high pressure detrusor 
contraction, this is assumed to be an accurate depiction of an obstructive process. 
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However, if a woman, who complains of urinary incontinence and has no reported 
diffi culty with voiding and a low PVR, is unable to generate a voluntary detrusor 
contraction, it is less likely to have clinical signifi cance. In these cases a poor 
fl ow rate can be confi rmed or refuted with a non-invasive urofl ow done in a 
private setting.

   The voiding phase of a pressure-fl ow study helps assess two critical parameters 
related to the bladder and bladder outlet: detrusor contractility (normal vs. impaired) 
and outlet resistance (obstructed vs. unobstructed) [ 30 ]. Combinations of these two 
features will be discussed in Chap.   2     as contractility, coordination, complete empty-
ing and clinical obstruction. In general the pressure-fl ow study can identify three 
fundamental conditions [ 30 ]:

    1.    Low (or normal) detrusor pressure and high (or normal) fl ow rate (normal, unob-
structed voiding).   

   2.    High detrusor pressure and low (or normal) fl ow rate (obstruction).   
   3.    Low detrusor pressure with low fl ow rate (impaired contractility).    

  The most widespread application of pressure-fl ow studies has been to determine 
the presence of bladder outlet obstruction, most commonly in men. Starting in the 
early 1960s [ 24 ] nomograms were developed to standardize the defi nitions of 
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obstruction and bladder contractility [ 31 – 33 ]. These nomograms are well established 
and broadly accepted in men (because of a single highly prevalent condition, benign 
prostatic obstruction—BPO). However pressure-fl ow nomograms are less widely 
agreed upon for use in women (due to the lack of a single highly prevalent condition 
causing obstruction) and as such have not gained widespread utilization in clinical 
practice [ 34 – 38 ]. 

 Not all pressure-fl ow studies fall neatly into the three fundamental conditions. 
An example is a man with a poorly contractile bladder from long-term outlet 
obstruction. His bladder may not be able to generate a suffi cient pressure to have his 
condition classifi ed as obstruction, even though it is a progression of a process that 
occurred as a result of BPO. In such cases, it is once again important to consider all 
aspects of the patient’s evaluation and come to a consistent clinical conclusion.  

    Urethral Pressure Profi lometry 

 Urethral pressure profi lometry (UPP) was popularized by Brown and Wickman [ 39 ] 
as a method to determine resistance provided by the urethra. Using a small catheter 
with lateral apertures through which fl uid is continuously infused, simultaneous 
bladder and urethral pressure is measured as the catheter is slowly withdrawn along 
the course of the urethra. The urethral pressure transducer measures the fl uid pres-
sure required to lift the urethral wall off the catheter side holes and thus evaluates 
the circumferential and radial stresses induced by the presence of the catheter in the 
urethra and the slow urethral perfusion. Thus, urethral pressure is defi ned as the 
fl uid pressure needed to just open a closed urethra [ 1 ]. 

 Several parameters can be obtained from the UPP: 

  The urethral closure pressure profi le  ( UCP ) is given by the subtraction of intra-
vesical pressure from urethral pressure. 

  Maximum urethral pressure  ( MUP ) is the highest pressure measured along 
the UPP. 

  Maximum urethral closure pressure  ( MUCP ) is the maximum difference between 
the urethral pressure and the intravesical pressure. 

  Functional profi le length  is the length of the urethra along which the urethral pres-
sure exceeds intravesical pressure in women. 

 UPP has been mostly used as a measure of urethral resistance in women with 
SUI. Despite an abundant literature on urethral profi lometry, its clinical relevance 
is controversial. Many urologists do not routinely perform urethral profi lometry. 
In 2002, the ICS standardization sub-committee concluded that the clinical utility 
of urethral pressure measurement is unclear [ 40 ]. Furthermore, there are no 
urethral pressure measurements that (1) discriminate urethral incompetence 
from other disorders; (2) provide a measure of the severity of the condition; (3) 
provide a reliable indicator to surgical success, and return to normal after surgical 
intervention [ 40 ].  
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    Videourodynamics 

 Videourodynamics (VUDS) consists of the simultaneous measurement of UDS 
parameters and imaging of the lower urinary tract. It provides the most precise 
evaluation of voiding function and dysfunction. VUDS are particularly useful when 
anatomic structure in relation to lower urinary tract function is important, for exam-
ple in localizing bladder outlet obstruction (particular in women) or in assessing 
vesico-ureteral refl ux in relation to storage and/or voiding pressures. VUDS can be 
performed using a variety of different methods. Most commonly fl uoroscopy is 
employed using a C-arm that gives the most fl exibility for patient positioning. 
However a fi xed unit with fl uoroscopy table that can move from 90° to 180° may 
also be used. It is important that the patient be able to be positioned properly to 
evaluate the desired function and anatomy. 

 The technique of obtaining fl uoroscopic imaging during multichannel UDS was 
popularized in the United States by Tanagho et al. [ 41 ] and in Europe by Turner- 
Warwick [ 42 ]. Over the years, the value of adding this functional and anatomical pic-
ture to multichannel UDS studies has been described in various situations [ 35 ,  43 – 45 ]. 

 In isolation, pressure-fl ow UDS can identify if obstruction is present, but cannot 
determine where in the lower urinary tract the obstruction is located. Simultaneous 
fl uoroscopy can provide that information. Another benefi t of fl uoroscopy is the iden-
tifi cation of vesico-ureteral refl ux (Fig.  1.5 ). The detection of VUR can be critical in 
patients with high storage pressures such as certain types of neurogenic bladder as 
well as other conditions that can lead to impaired bladder compliance. During blad-
der fi lling, storage pressures may appear low (a safe situation), but poor compliance 
and high bladder fi lling pressures may be masked by a “pop-off” valve due to refl ux 
into a dilated upper urinary tract. This is a situation that is accurately diagnosed with 
VUDS. Compared to a voiding cystourethrogram alone, the simultaneous pressure 
and volume readings during VUDS provide information about the pressure and 
 volume at which refl ux occurs, which can direct management.

   Fluoroscopic imaging can also have a role in the diagnosis of urinary inconti-
nence. Images can help identify small amounts of urinary leakage [ 46 ]. The level of 
continence is also assessed during bladder fi lling (e.g., open or closed bladder neck 
at rest or straining). Furthermore, the function of the bladder neck and external ure-
thral sphincter can also be assessed during the voiding phase. This can be especially 
important in cases where EMG readings are diffi cult to interpret. Finally, in some 
cases of voiding dysfunction in women, the fl uoroscopic images can be used to 
defi ne as well as localize obstruction [ 35 ].  

    Other Urodynamic Tests 

 This chapter is not meant to be an exhaustive list of all technology used or 
 investigated in the evaluation and management of disorders of the urinary tract. 
However, similar to all fi elds of diagnostic testing, there is never a shortage 
of attempts to improve the tools and techniques that have been used in the past. 
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Though invasive testing has been shown to be well tolerated [ 47 ] newer technology 
attempts to improve the patient experience and minimize associated morbidity. 
However, if the technology is going to replace older methods, it must not sacrifi ce 
diagnostic ability. 

 Imaging studies have been investigated in the diagnosis of lower urinary tract 
disorders. Though not a new concept, researchers continue to look at resistive 
index from color fl ow Doppler of the prostate in men with Benign Prostatic 
Hyperpertrophy to assess bladder outlet obstruction [ 48 ]. Many different measure-
ments of the prostate anatomy by ultrasound imaging have also been investigated, 
but still remain diffi cult to reproduce and practically apply [ 49 ]. Ultrasound tech-
nology has also been used in order to determine estimated bladder weight and 
bladder wall thickness, but has had mixed results [ 50 ,  51 ]. 

 Near infrared spectrometry (NIRS) is another technique that has now been 
applied to investigate for the presence or absence of bladder outlet obstruction [ 52 ]. 
This is based on the premise that during voiding when bladder outlet obstruction 
exists, the detrusor contraction will be excessive as compared to unobstructed 
patients. This increased contraction results in a decrease in total hemoglobin and 
oxyhemoglobin concentrations. NIRS is able to monitor these changes. This tech-
nology is intriguing, but technical limitation and reproducibility remain issues.   

  Fig. 1.5    The presence of refl ux is noted on this fl uoroscopic image obtained during fi lling 
CMG. The true bladder compliance may actually be less than what is measured on CMG because 
of the “pop-off” mechanism provided by the  left upper tract        
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    UDS in Clinical Practice 

 Although UDS has been used as part of clinical practice for decades, clear-cut, 
level 1 evidenced-based “indications” for its use in many conditions are lacking. 
There are a number of reasons for this lack of evidence. It is diffi cult to conduct 
proper randomized controlled trials on UDS for conditions where lesser levels of 
evidence and expert opinion strongly suggest clinical utility and where “empiric 
treatment” is potentially harmful or even life-threatening (e.g., neurogenic voiding 
dysfunction). Additionally, symptoms can be caused by a number of different con-
ditions, and it is diffi cult to study pure or homogeneous patient populations [ 53 ]. 
Recently the American Urological Association (AUA) and the Society of 
Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction (SUFU) 
published the AUA/SUFU Urodynamic Guidelines [ 5 ]. The purpose of that guide-
line was not to present an exhaustive review of the “indications” for UDS, but 
rather to review the literature regarding urodynamic testing in common lower uri-
nary tract conditions and assist clinicians in the proper selection and application of 
urodynamic tests, following an appropriate evaluation and symptom characteriza-
tion. When it comes to “indications” for UDS for any condition, the most important 
factors are that the clinician has clear-cut reason(s) for performing the study, and 
that the information obtained will be used to guide treatment of the patient. 
Therefore it is probably more useful to describe the role of UDS in clinical practice 
rather than precise “indications” for its use. 

 In practical terms, UDS is most useful when history, physical exam, and simple 
tests are not suffi cient to make an accurate diagnosis and/or institute treatment [ 53 ]. 
This has clinical applicability in two general scenarios:

    1.    To obtain information needed to make an accurate diagnosis for what condition(s) 
is causing symptoms (i.e., lower urinary tract symptoms (LUTS) or 
incontinence).   

   2.    To determine the impact of a disease that has the potential to cause serious and 
irreversible damage to the upper and lower urinary tract (i.e., neurological dis-
eases like spinal cord injury and multiple sclerosis, radiation cystitis). Sometimes 
profound abnormalities can be found in the relative absence of symptoms.    

  As with most diagnostic studies in medicine, understanding the results of the test 
is only part of a much broader picture. It is equally important to understand those 
results in the context of a specifi c clinical condition or situation. Another important 
consideration is the understanding of when to order the given test. Indiscriminate 
testing leads to unnecessary cost, subjects patients to risk, and can even complicate 
the diagnosis when these results are misinterpreted. 

 The information that follows is obviously not exhaustive, but begins to explore 
the process of choosing the “right test.” This will be within the framework of the 
current AUA/SUFU Urodynamic guideline document [ 5 ]. These guidelines also 
include the level of evidence and the strength of the recommendation made by the 
committee. 
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    Stress Urinary Incontinence 

 UDS in SUI, like in many other conditions, should be performed if the results will 
have a signifi cant impact on patient management or counseling. This is most often 
applicable to pre-surgical UDS testing or cases where the diagnosis of SUI is in 
doubt or when SUI appears to co-exist with other conditions that could affect man-
agement (i.e., detrusor overactivity of bladder outlet obstruction). Recently, a large 
multi-center randomized controlled trial to determine the value of UDS prior to 
surgery for women with SUI concluded that UDS is not needed prior to the surgical 
treatment of women with “straight forward” SUI who have demonstrable clinical 
SUI with no signifi cant overactive bladder symptoms and normal emptying [ 54 ]. 
We would agree with this for patients and clinicians who would not change the type 
of surgery based on the results of UDS testing. However some surgeons may alter 
the type of procedure done based on a measure of urethral resistance, such as 
ALPP. In such cases, it would seem reasonable for that particular surgeon to con-
sider UDS. It is also important to remember that if one chooses not to do UDS prior 
to SUI surgery in women it is critical that SUI be demonstrated on physical exam, 
that storage symptoms are adequately characterized and that emptying is assessed 
(symptoms and measurement of PVR). 

 We believe that the recommendations from the AUA/SUFU Guideline for the 
utility of Urodynamic studies in adult women with SUI and pelvic organ prolapse 
[ 5 ] provide useful information for the clinician. Please note that these “guidelines” 
do not specifi cally say when or on whom to perform UDS, but rather provide infor-
mation based on the literature and expert opinion/clinical principles. Ultimately the 
decision to perform UDS on a given patient should be based on certainty of diagno-
sis and whether or not the results will affect treatment or counseling. 

 Key points from AUA/SUFU Guideline Statements [ 5 ]:

    1.    When diagnosing stress incontinence on UDS, clinicians should assess urethral 
function.   

   2.    If considering invasive therapy to treat SUI, surgeons should assess PVR urine 
volume.   

   3.    Multichannel UDS may be performed in patients with both symptoms and physi-
cal fi ndings of SUI if considering “invasive, potentially morbid, or irreversible 
treatments.”   

   4.    If SUI is suspected, but not demonstrated on UDS with a catheter in place, repeat 
stress testing with the urethral catheter removed should be performed.   

   5.    Stress testing with reduction of POP (high-grade) should be performed in 
women without the symptom of SUI (if the presence of SUI will alter the 
 surgical treatment plan). Multichannel UDS may be used for this assessment 
of SUI with reduction of prolapse and detrusor dysfunction in women with 
associated LUTS.    

1 Urodynamic Studies: Types and Indications



20

      Urgency Urinary Incontinence 

 Urgency urinary incontinence (UUI) is another common condition that is often 
evaluated with UDS. For patients with UUI, UDS is most applicable when the diag-
nosis is in doubt (i.e., when signifi cant portion of incontinence may be caused by 
urethral insuffi ciency), when a concomitant problem such as bladder outlet obstruc-
tion can co-exist or even be the cause of bladder overactivity, and in certain condi-
tions (neurological conditions, radiation cystitis, or chronic outlet obstruction) 
where high pressure storage and impaired bladder compliance can co-exist. The 
recommendations from the AUA/SUFU Guideline for the utility of Urodynamic 
studies in adults with UUI [ 5 ] provide useful information for the clinician and con-
sider all of these possibilities. Again the “guidelines” do not specifi cally say when 
or on whom to perform UDS, but rather provide information based on the literature 
and expert opinion/clinical principles:

    1.    If it is important to determine if compliance is altered, detrusor overactivity 
(DO) is present, or other urodynamic abnormalities exist (or not) multichannel 
fi lling cystometry may be performed in patients with UUI when considering 
“invasive, potentially morbid, or irreversible treatments.”   

   2.    In patients with UUI after procedures on the bladder outlet, PFS may be per-
formed to evaluate for bladder outlet obstruction.   

   3.    Absence of detrusor overactivity on an urodynamic study does not mean that it 
may not still be a  causative agent  for symptoms of UUI and mixed urinary 
incontinence.    

      Neurogenic Bladder 

 UDS probably has its most important role in the diagnosis and management of 
patients with neuropathic voiding dysfunction. This is because certain conditions 
can have a profound impact on the lower urinary tract that can affect upper tract 
(kidney) function. In such cases management is not driven by symptoms, but rather 
by the need to preserve renal function. The term “neurogenic” encompasses a broad 
spectrum of diseases that can result in bladder storage and bladder-emptying dys-
function. Here too, a clear understanding of the underlying neurogenic process and 
its effect on the lower urinary tract should help guide appropriate selection of uro-
dynamic testing. Patients who are at risk for upper tract decompensation are those 
with high storage pressure and incomplete bladder emptying. This most frequently 
occurs in cases of detrusor-sphincter dyssynergia (suprasacral spinal cord lesions). 
In such patients VUDS can be particularly useful to evaluate for the presence of 
vesico-ureteral refl ux (see above). For patients with neurological disease not at risk 
for upper tract decompensation (i.e., women post-cerebral vascular accident) UDS 
has its greatest utility when patients have failed appropriate empiric therapy. 
The recommendations from the AUA/SUFU Guideline for the utility of UDS in 
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adults with Neurogenic Bladder [ 5 ]  offer appropriate  “guidelines” based on the 
literature and expert opinion/clinical principles:

    1.    PVR measurements should be assessed, as part of complete urodynamic study or 
as a separate test, during evaluation of patients with “relevant neurological dis-
ease” (i.e., spinal cord injury, myelomeningocele). The PVR should also be mea-
sured in follow-up when appropriate.   

   2.    Complex CMG should be performed during initial urological evaluation of 
patients with “relevant neurological conditions” regardless of the presence (or 
absence) of symptoms. Complex CMG should also be performed as part of the 
continued follow-up in appropriate situations. In the urologic evaluation of 
patients with other neurologic diseases, CMG may be considered as an option to 
evaluate LUTS.   

   3.    Pressure-fl ow analysis should be performed in patients with “relevant neurologic 
disease” regardless of the presence (or absence) of symptoms. Pressure-fl ow 
analysis should also be performed in cases of patients with other neurologic 
disease that have an elevated PVR or urinary symptoms.   

   4.    Fluoroscopy (if available) may be done at the time of UDS (VUDS) in patients 
with “relevant neurologic disease at risk for NGB.” The same is true for patients 
with other neurologic disease who have an elevated PVR or urinary symptoms.   

   5.    Clinicians should perform EMG along with CMG and with pressure-fl ow studies 
(if performed) in patients with “relevant neurologic disease at risk for NGB.” 
EMG should also be carried out with the aforementioned studies in cases of other 
neurologic disease where patients have an elevated PVR or urinary symptoms.    

      Voiding Dysfunction/LUTS 

 UDS is often used to assist in the evaluation of men and women with storage and 
voiding LUTS. We have found UDS most useful in patients with LUTS who: have 
failed empiric treatment; have multiple symptoms that cannot be easily differenti-
ated; have mixed storage and voiding symptoms, especially when surgery for the 
relief of obstruction is being considered; or have underlying conditions that can 
affect lower urinary tract function (i.e., prior pelvic surgery or radiation). Often a 
clinician’s own treatment algorithm, comfort with diagnosis, and expertise will 
determine at what stage UDS are introduced. In many patients with LUTS, a step- 
wise use of tests seems to be most appropriate. The evaluation of bladder emptying 
can be of critical importance. Therefore, it is common to utilize non-invasive uro-
fl ow and/or PVR determination early in the evaluation. History and physical exam 
alone or in combination with these simple tests are often all that is needed to initiate 
therapy. However, when initial therapy fails, or when urofl ow and PVR results are 
concerning, more comprehensive UDS testing may be employed. There is also evi-
dence to support the use of UDS prior to surgical intervention for suspected benign 
prostatic obstruction with LUTS, to document the presence of obstruction. 
In women and young men with LUTS and suspected outlet obstruction, we have 
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found VUDS to be particularly helpful in aiding in the diagnosis and localization of 
obstruction [ 35 ,  55 ]. Again the recommendations from the AUA/SUFU Guideline 
for the utility of UDS in adults with LUTS [ 5 ] provide useful information for the 
clinician without a presentation of absolute indications for any specifi c patient.

    1.    During the initial evaluation (and follow-up) of patients with LUTS measure-
ment of PVR may be used as a “safety measure” to rule out signifi cant retention 
of urine.   

   2.    During the initial (and follow-up) evaluation of male patients with LUTS that 
suggest abnormal voiding/emptying, Urofl ow may be used.   

   3.    Multichannel fi lling cystometry may be used if “it is important to determine DO 
or other abnormalities of bladder fi lling/urine storage” exist in patients with 
LUTS. This has may have more importance when “invasive, potentially morbid, 
or irreversible treatments are considered.”   

   4.    If it is “important to determine if urodynamic obstruction is present in men with 
LUTS” clinicians should perform PFS. This may be particularly important when 
“invasive, potentially morbid, or irreversible treatments are considered.”   

   5.    In female patients if it is “important to determine if obstruction is present,” PFS 
may be performed.   

   6.    VUDS may be carried out in “properly selected patients” where localization of 
the level of obstruction is particularly important. For example to diagnose PBNO.    

       Summary 

 UDS consists of a number of different tests that evaluate lower urinary tract func-
tion. These tests can be employed individually or in combination depending on a 
specifi c clinical scenario to aid the clinician in diagnosing and treating patients 
with LUTS other conditions that affect the lower urinary tract function. UDS is 
most useful when performed for specifi c reasons to obtain specifi c information to 
guide management (treatment or no treatment). We would caution that the indis-
criminate use of UDS is not appropriate and can be counterproductive, or even 
harmful. However, when used appropriately, these tests can be invaluable.     
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    Chapter 2   
 The 9 “C’s” of Pressure-Flow Urodynamics 

             Kelly     C.     Johnson      and     Eric     S.     Rovner     

        There exists no generally agreed upon orderly or methodical approach to interpret-
ing pressure-fl ow urodynamic (PFUD) studies. The amount of information pro-
duced during a routine PFUD study can be imposing to fully understand and 
properly interpret. For a given study, the modern electronic multichannel pressure- 
fl ow urodynamic machine produces a large amount of data in a graphical display 
usually supplemented with other information. The format varies depending on the 
type of urodynamic equipment, the specifi c study, and the end-user customization. 
Nevertheless, in most instances, the various channels on the graph represent a set of 
continuous variables over time including vesical and abdominal pressure record-
ings, urine fl ow rate and volume, infused volume, and potentially other signals as 
well. An event summary, annotations, nomograms, and other features now com-
monly found on commercially available urodynamics equipment add to the tremen-
dous set of data available from a routine PFUD study. 

 In the same manner in which radiologists interpret their imaging studies, it is 
crucial to be systematic and organized in approaching the PFUD tracing in order to 
properly and completely distil the optimal amount of information from the study. It 
is quite possible to overlook salient and relevant features of a PFUD tracing espe-
cially in those cases where there exists one single overwhelming abnormality. Like 
the astute radiologist, the expert urodynamicist will not be dissuaded from com-
pletely interpreting the study even in the setting of a distracting feature so that other, 
subtler fi ndings can be noted as well. Such nuances can be crucial in formulating an 
accurate interpretation of the study and should not be overlooked. The 9 “C’s” of 
PFUD are a method of organizing and interpreting the PFUD study in a simple, reli-
able, and practical manner [ 1 ]. In doing so, this system minimizes the potential for 
“missing” an important and relevant fi nding on the tracing. This framework is easy 
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to understand, remember, and applicable to all PFUD studies for virtually all lower 
urinary conditions. 

 The 9 “C’s” are listed in Table  2.1 . In the functional classifi cation as popularized 
by Wein [ 2 ] the micturition cycle consists of two phases: (1) bladder fi lling/urinary 
storage, and (2) bladder emptying. All voiding dysfunctions therefore can be cate-
gorized as abnormalities of one or both of these phases. This classifi cation system 
also provides a useful framework for organizing the 9 “C’s”. The 9 “C’s” represent 
the nine essential features of the PFUDs tracing that represent a minimum interpre-
tive data set. Each of the features begins with the letter “C.” In the fi lling phase, the 
“C’s” consist of contractions (involuntary), compliance, continence, capacity, and 
coarse sensation. In the emptying phase contractility, complete emptying, coordina-
tion, and clinical obstruction are evaluated.

   The “C’s” are not specifi c for all types of urinary dysfunction or all urodynamic 
abnormalities. Nevertheless, by organizing and interpreting a study within this 
framework, it provides an organizing thread from which to formulate a diagnosis 
and begin to assemble a management plan.

   Of course all PFUD tracings should be interpreted in the context of the patients 
history, physical examination, and other relevant studies. Additionally, reproducing 
the patient’s symptoms or at least notating whether this was achieved during the 
study is also important in order to properly interpret the tracing and any abnormali-
ties seen. Notwithstanding these limitations, it remains that a systematic and orga-
nized approach to interpretation of the PFUD tracing is likely to yield the most 
useful and complete set of data and optimize clinical care and outcomes. 

    The 5 C’s of Filling and Storage 

 There are fi ve key parts of the fi lling and storage portion of the PFUD study 
that should be recorded in the fi nal interpretation of the study. This segment of the 
PFUD study is sometimes referred to as “fi lling cystometry.” This portion com-
mences with bladder fi lling and ends with the command “permission to void” [ 3 ]. 

  Table 2.1    The 9 “C’s” of 
pressure-fl ow urodynamics  

  Filling and storage  
 Contractions (involuntary detrusor) 
 Compliance 
 Coarse sensation 
 Continence 
 Cystometric capacity 
  Emptying  
 Contractility 
 Complete emptying 
 Coordination 
 Clinical obstruction 
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The aims of this part of the study are to assess involuntary detrusor activity, bladder 
compliance, sensation, capacity and, in the appropriate setting, urethral function. 

  Contractions  refer to the presence or absence of phasic (or terminal) involuntary 
bladder contractions with respect to detrusor function (specifi cally during bladder 
fi lling only) [ 3 ]. Though the actual defi nition of an involuntary bladder contraction 
is sometimes debated, the fi nding of the characteristic wave form, along with 
whether it is spontaneous or provoked, or phasic or terminal should be recorded. 
The pressure and volume and amplitude of such a fi nding may be recorded as well, 
although the clinical signifi cance of such information is variable and debatable 
depending on the clinical circumstances of the patient under study. Nevertheless, 
just as importantly, the absence of such a fi nding should be recorded as normal. 

  Compliance  is the relationship between the change in bladder pressure and blad-
der volume during bladder fi lling. Physiologically, compliance is determined by the 
innate viscoelastic properties of the bladder. Generally the rise in bladder pressure 
with fi lling, in the absence of involuntary bladder contractions, is very small, 
and frequently imperceptible. Compliance is calculated by dividing the change 
in bladder volume by the change in bladder pressure at the point in the PFUD 
study just prior to the command to void, and in the absence of an involuntary blad-
der contraction [ 4 ]. Normative values are not universally agreed upon and compli-
ance is generally recorded as either normal or abnormal. Abnormal bladder 
compliance is a signifi cant risk factor for upper urinary tract deterioration. 
Classically, abnormal compliance can be seen in radiation cystitis, neurogenic bladder 
(especially spina bifi da), and denervated bladders following radical pelvic surgery. 

  Coarse sensation  of bladder fi lling is quite subjective and variable due to the 
very artifi cial and non-physiological circumstances under which the PFUD study is 
performed. Using the term “coarse sensation,” though fairly non-descript, is prag-
matic and useful. In general, the description of the sensation of bladder fi lling is 
very general and abnormalities of sensation may be described as absent, reduced, or 
increased [ 3 ]. Due to the need for urethral catheterization, causing some degree of 
urethral discomfort and/or pain, as well as the tip of the catheter within the bladder 
and the non-physiological fi lling rate, fl uid and fl uid temperature, the perception of 
bladder fi lling can be considerably altered. Furthermore, the patient’s ability to per-
ceive sensation and verbally express to the examiner such sensations as the bladder 
fi lls are somewhat compromised. The volumes at which the fi rst sensation of blad-
der fi lling, fi rst desire to void, normal desire to void, strong desire to void, urgency, 
and pain are documented. It is essential to note when such sensations correlate with 
particular urodynamic fi ndings such as bladder overactivity. Normative parameters 
and assessment methods for bladder sensation have been proposed but none are 
universally accepted [ 5 ]. 

  Continence  refers to the presence or absence of urinary leakage during the PFUD 
study. Urinary incontinence may be due to abnormalities of bladder function (invol-
untary detrusor contractions, or abnormal compliance), or urethral function, or a 
combination of both. Incontinence occurring coincident with an involuntary bladder 
contraction is termed detrusor overactivity incontinence [ 4 ]. Stress incontinence, 
due to diminished sphincter function, may be provoked with cough or Valsalva or 
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other maneuvers. Urethral function during bladder fi lling may be assessed by 
abdominal leak point pressure or urethral pressure profi lometry. Incontinence 
recorded during the study may reproduce the patient’s symptoms or not. For the 
patient without a clinical complaint of urinary incontinence, the fi nding of stress or 
detrusor overactivity incontinence is often artifactual and of little clinical signifi -
cance. Alternatively, in the patient with a clinical complaint of urinary incontinence, 
it is important to make every effort to reproduce the incontinence during the study. 
For purposes of interpreting the study, it is important to record whether inconti-
nence was noted during the study, the type of incontinence, and whether it repro-
duced the patient’s symptoms. Other parameters specifi c to the episode(s) of 
incontinence such as volume infused, bladder pressure, urethral pressure, and sen-
sation at the moment of incontinence should be recorded as well. 

  Cystometric capacity  is the volume contained within the bladder at the point dur-
ing the fi lling phase of the PFUD study when the patient cannot tolerate further 
fi lling. This is also termed maximum cystometric capacity. This is usually recorded 
as cc or ml. This volume is often quite different from the functional bladder capacity 
that is obtained from a voiding diary or frequency/volume chart in combination with 
a post-void residual. Voiding diaries should be obtained prior to an urodynamic 
evaluation as they can be useful in determining the clinical relevance of the cysto-
metric bladder capacity. Cystometric capacity is generally smaller than the func-
tional bladder capacity. Normative values for cystometric capacity are widely 
variable and have been reported between 370 and 540 cc ±100 cc [ 6 ].     

    The 4 C’s of Bladder Emptying 

 The bladder emptying or voiding phase of the PFUD study is sometimes referred to 
as voiding cystometry. This phase commences with the command “permission to 
void” and ends when the subject under study considers themselves to have com-
pleted micturition [ 3 ]. 

  Contractility  is the strength of detrusor contraction or force generation during 
voiding. In order to empty properly, the detrusor must generate a contraction of ade-
quate magnitude and duration to overcome outlet resistance and empty the contents 
of the bladder satisfactorily. Contractility is related to force generation by the detrusor 
and overall bladder outlet (urethral) resistance during voiding. However, the assess-
ment of contractility may also be affected by anatomic abnormalities such as bladder 
diverticula or massive vesicoureteral refl ux that result in dissipation of pressure dur-
ing the contraction. In addition, in some cases contractility may be diffi cult to assess 
where urethral resistance is very low or negligible such as in cases of severe stress 
urinary incontinence. There are various formulae that have been developed in order 
to assess contractility such as the bladder contractility index (BCI), especially in men; 
however, these should be interpreted in the context of the clinical situation [ 7 ,  8 ]. 

 Abnormalities of contractility include conditions that result in an inability to 
obtain, maintain, or sustain an adequate contraction. This may be due to poor detru-
sor force generation overall (neurogenic or myogenic) or due to inadequate duration 
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of the contraction. Contractility is most often recorded as either normal or abnormal 
(underactive); however, using the BCI a numerical value may be obtained classify-
ing the contraction as strong, normal, or weak. 

  Complete emptying  indicates the lack of a signifi cant post-void residual (PVR). 
The precise defi nition of what constitutes an elevated PVR is not universally agreed 
upon. PVRs are often assessed twice during the PFUD study. The initial PVR value 
is obtained by catheterizing the bladder after instructing the patient to void to com-
pletion just prior to the start of the PFUD study. The second PVR is obtained at the 
end of the PFUD study and is calculated by subtracting the voided volume from the 
infused volume. Incomplete emptying (elevated PVR) is due to either detrusor 
underactivity or bladder outlet obstruction or a combination of both. Complete emp-
tying may be recorded as normal or abnormal, or as the PVR values obtained. 

  Coordination  refers to the synchronization of the detrusor contraction and the 
voluntary and involuntary activity of the bladder outlet, including the bladder neck, 
and smooth and striated sphincters (vesicourethral coordination). Normal voiding 
commences with the relaxation and opening of the bladder outlet just prior to the 
detrusor contraction. The coordinated outlet remains open for the duration of the 
bladder contraction. If all or part of the bladder outlet does not open prior to the 
onset of a detrusor contraction, or fails to remain open for the duration of the con-
traction, this is abnormal. Many conditions can lead to a lack of coordination 
between the bladder and bladder outlet including detrusor striated dyssynergia and 
dysfunctional voiding (“non-neurogenic neurogenic bladder”). Lack of coordina-
tion between the bladder and bladder outlet may result in high pressure voiding, 
and/or incomplete bladder emptying. For purposes of documentation, vesicourethral 
coordination is present or absent. 

  Clinical obstruction , or bladder outlet obstruction is defi ned by the relationship 
between bladder pressure and urinary fl ow. Subjectively, high voiding pressure 
associated with low urine fl ow is the defi nition of bladder outlet obstruction. 
Objectively, various nomograms and calculations have been devised to more pre-
cisely defi ne this dynamic relationship in both men and women but none are univer-
sally utilized though the fi ndings between the various methods correlate quite well 
[ 9 ]. Such nomograms categorize individuals as obstructed, equivocal, or unob-
structed. Obstruction may occur with or without lower urinary tract symptoms 
(LUTS). Clinically, LUTS in the presence of obstruction or other negative prognos-
tic signs mandates therapy. In males, obstruction may be secondary to BPH, pros-
tate cancer, urethral stricture, bladder neck contracture, neurological disease, and a 
variety of other causes. Bladder outlet obstruction in females is less common but 
may be iatrogenic due to stress incontinence surgery, or due to vaginal prolapse, 
urethral diverticula, neurological disease, and a variety of other causes. Various 
nomograms for objectively quantitating female bladder outlet obstruction have like-
wise been developed but none are universally utilized [ 10 ]. 

 The study depicted in Figure  2.1  provides a schema for interpreting a urodynam-
ics study with the context of the “9 C’s”. This study demonstrates absence of invol-
untary bladder contractions. The change in Pdet with fi lling is negligible consistent 
with normal compliance. There was no incontinence seen during this study. The 
fi rst sensation of bladder fi lling occurred at a volume of approximately 100 cc 
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(Volume infused not shown but is indicated on the tracing by the annotation “Se” 
just after the 1:00 min mark of the study.) Bladder capacity was 230 cc (infusion 
volume not shown on this tracing). 

 Bladder emptying commenced with a volitional detrusor contraction. The com-
mand to void was given just prior to the 3:00 min mark and is indicated by the anno-
tation “At.” There was no inappropriate activity of the external sphincter as suggested 
by the EMG during voiding. The bladder did not empty completely as the voided 
volume was only 136 cc. Detrusor pressure, despite being elevated, was insuffi -
ciently sustained to empty the bladder. The voiding pressure in excess of 70 cm H 2 O   , 
and the low fl ow rate ( Q  max  = 6) is very suggestive of bladder outlet obstruction. 

 The 9 C’s for this study are as follows:

   Filling / Storage : 

  Contractions (involuntary): none  
  Compliance: normal  
  Continence: no incontinence demonstrated  
  Coarse sensation: normal  
  Capacity: 230 cc   

   Emptying : 

  Contractility: abnormal, underactive  
  Coordination: yes  
  Complete emptying: no, PVR = 94 cc  
  Clinical obstruction: yes        

0 0

CBt ea “s Se CoNo Se St Co At Vo VoVoVoVoVo Ur PVsm

0 0 0 0 0 0 0 0 0 0 1 6 6 6 3 2 1 0

-3-2 -3 -2 -2 -3 -3 -2 -1-3-3-3-2 x 3351 89 115 133 136

9 23 23 24 23 4826 23 23 23 80 24 80 x 81 05 100 111 81 47

819 20 24 22 4726 20 20 18 84 24 26 262222 22 27 16 16

1 04 0 -0 1 1 0 3 3 5 -4 1 74 7 8083 78 84 65 31

556B 62

EMG

Pdet

Pabd

Pves

Volume

Flow

67 62 2128 76 79 62 78 69 36 8282101 72 66 64 70

  Fig. 2.1    Urodynamic tracing using the “9 C’s” organizational schema. This is a 65-year-old male 
with LUTS. Infused volume ( not shown ) was 230 cc       
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    Chapter 3   
 Urodynamics Equipment: 
Selection and Training 

             Alana     M.     Murphy       and     Howard     B.     Goldman     

     Abbreviations 

   EMG    Electromyogram   
  EMR    Electronic medical record   
  ICS    International Continence Society   
  LUT    Lower urinary tract   
  P abd     Intra-abdominal pressure (cm H 2 O)   
  P det     Detrusor pressure (cm H 2 O)   
  P ves     Vesical (bladder) pressure (cm H 2 O)   
  SUFU    Society of Urodynamics, Female Pelvic Medicine, and Urogenital 

Reconstruction   
  SUNA    Society of Urologic Nurses and Associates   
  UDS    Urodynamics   
  UTI    Urinary tract infection   

          Urodynamics Manufacturers 

 The market for Urodynamics (UDS) equipment continues to grow globally. A 2009 
report by Global Industry Analysts projected that the global market for UDS equip-
ment and disposables will reach $170 million by 2015 with the United States 
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representing the largest market share [ 1 ]. A number of UDS equipment manufacturers 
are available to meet the market’s needs. Table  3.1  includes a comprehensive, but not 
complete list of UDS manufacturers. In January of 2013, the North American market 
was impacted by the merger of Laborie and Life-Tech. Following Laborie’s acquisi-
tion of Life-Tech, Life-Tech UDS systems are no longer commercially available. 
However; Laborie has continued to supply the disposable components for Life-Tech 
machines.

       Choosing the Right System 

 The International Continence Society (ICS) has published recommendations regard-
ing the minimal equipment requirements and the minimal technical specifi cations 
for a UDS system. According to the ICS good UDS practice statement, a UDS sys-
tem should include the following components [ 2 ]:

•    Three measurement channels: two for pressure (abdominal pressure [ P  abd ], vesi-
cal pressure [ P  ves ]) and one for fl ow  

•   Display and secure storage of pressure measurements ( P  abd ,  P  ves , detrusor pres-
sure [ P  det ]) and fl ow over time  

•   Display of infused volume and voided volume either graphically or numerically  
•   Clear labeling of all axes with no loss of data if tracings go off-scale  
•   Ability to annotate display with events    

 According to the technical recommendations, the following specifi cations should 
be met [ 3 ]:

•    Minimum accuracy: ±1 cm H 2 O for pressure, ±5 % full scale for fl ow and volume  
•   Detection range: 0–250 cm H 2 O for pressure, 0–50 mL/s for fl ow, 1,000 mL for 

volume  

   Table 3.1    UDS manufacturers   

 Company  Headquarters 

 Laborie  Canada 
 Cooper Surgical  United States 
 SRS Medical Systems  United States 
 Dantec  United Kingdom 
 Mediwatch  United Kingdom 
 Albyn Medical  United Kingdom, Spain 
 Medical Measurement Systems [MMS]  United States, Germany, Netherlands 
 Neomedix  Australia 
 Shippers  Germany 
 Andromeda  Germany 
 Menfi s bioMedica  Italy 
 Mindray Medical International  China 
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•   Frequency: ≥10 Hz per channel for pressure and fl ow; ≥20 kHz for electromyogram 
(EMG)  

•   Scaling: 50 cm H 2 O per cm for pressure, 10 mL/s per cm for fl ow, 5 s/mm during 
fi lling, 2 s/mm during voiding    

 UDS equipment has advanced considerably since the last publication of the ICS 
technical recommendations in 1987. An updated ICS guideline on UDS equipment 
performance will be available in the near future. 

 A number of other factors should be considered when purchasing a UDS machine 
(see Table  3.2 ). Other important factors to consider include clinical needs, the physical 

   Table 3.2    UDS systems   

 Manufacturer  UDS system  Wireless 
 EMR 
compatible 

 Number 
of pressure 
channels  Description 

 Laborie [ 4 ]  Aquarius 
TT™ 

 X  X  8  – Compatible with 
fl uoroscopy 

 – Available upgrade for 
anorectal manometry 

 – High speed EMG 
sampling (5,000 Hz) 

 Laborie [ 4 ]  Dorado KT  X  X  8  – Compatible with 
fl uoroscopy 

 – 50 Hz EMG 
 Laborie [ 4 ]  Triton™  X  8  – Available EMG 

upgrade to 3,000 Hz 
 Laborie [ 4 ]  Goby KT  X  4  – Step by step voice 

commands 
 – Cart option offers 

in-offi ce portability 
 Laborie [ 4 ]  Delphis/

Delphis KT 
 X  4  – Cart option offers 

in-offi ce portability 
 Laborie [ 4 ]  Delphis IP  X  4  – Attaches to an IV pole 

for easy portability 
 Laborie [ 4 ]  Goby 

mobile 
 X  X  4  – Designed for modular 

use 
 – Allows patients to void 

in the bathroom 
 – Step by step voice 

commands 
 Cooper 
Surgical [ 5 ] 

 Lumax™ 
TS Pro Elite 

 X  4  – Available EMG upgrade 
 – Attaches to IV pole for 

easy portability 
 Cooper 
Surgical [ 5 ] 

 Lumax™ 
TS Pro 
Advanced 

 X  4  – Available EMG upgrade 
 – Attaches to IV pole for 

easy portability 
 Cooper 
Surgical [ 5 ] 

 Lumax™ TS 
Pro Basic 

 X  4  – Available EMG upgrade 
 – Attaches to IV pole for 

easy portability 
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space available for the UDS machine, and the available budget. Prior to selecting an 
appropriate UDS system, the clinician should answer a series of questions:

    Is there a role for UDS in my practice?  
  What type of clinical questions can UDS help me answer?  
  Do I need an electromyogram (EMG)?  
  Do I need the ability to integrate fl uoroscopy with my UDS testing?  
  Is electronic medical record (EMR) integration necessary?  

   While a community-based practice may only require the capability to perform 
multi-channel cystometry, a larger tertiary referral center will require the ability to 
perform more sophisticated testing and integration of fl uoroscopy. A review of 
health care claims from approximately 30 million individuals in the United States 
from 2002 to 2007 captured the diversity in current UDS practices [ 6 ]. A total of 
16,574 UDS procedures were identifi ed: 23 % were cystometrograms, 71 % were 
cystometrograms with pressure fl ow studies, and 6 % were fl uoroscopic UDS pro-
cedures. UDS centers with higher volume (≥14 UDS studies in the specifi ed time 
period) were more likely to perform cystometrograms with pressure fl ow studies 
and fl uoroscopic UDS. In light of the available UDS systems currently on the mar-
ket, determining the clinical needs of a practice will help guide the search for an 
appropriate system. 

 The physical space allocated to the UDS system is an important factor that will 
also help determine what type of machine is best suited for a clinical practice. 
A dedicated UDS room allows for a more elaborate setup, whereas a less sophisti-
cated mobile system is more appropriate if the plan is to move the equipment from 
room to room. Whether or not the UDS system is stationary or portable, the testing 
environment should be a private and quiet setting that will minimize unnecessary 
anxiety for the patient. Providing such an environment will facilitate the reproduc-
tion of day to day symptoms. If simultaneous fl uoroscopy is desired, then the room 
must be large enough to accommodate a portable C-arm unit and its attached con-
sole (see Fig.  3.1 ). In addition, provisions must be made to either line the UDS room 
with lead, a costly endeavor, or ensure that the room is large enough to prevent any 
signifi cant degree of radiation exposure to other personnel in adjacent rooms. 
Regulations regarding the use and safety requirements for fl uoroscopy vary from 
state to state in the US. Finally, the room should also be large enough to accommo-
date wheelchair and stretcher patients. If a signifi cant number of immobile patients 
are included in the practice, then consideration should also be given to the purchase 
of a patient lift (e.g., Hoyer lift).

       Transducers 

 A pressure transducer allows conversion of an applied pressure into an electrical signal. 
Three different types of catheters allow transduction of  P  ves  readings: water- fi lled 
 catheters, air-fi lled catheters, and catheters with a small transducer mounted on the 
tip (microtip catheter). When water-fi lled catheters are used as a transducer, the mea-
surement of  P  ves  is independent of the position of the catheter tip within the bladder, 
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which facilitates reproducible measurements. In contrast,  P  ves  measurements obtained 
using air-fi lled catheters and microtip catheters depend on the location of the catheter 
tip in the bladder, which may hinder precision. A recent direct comparison of air-fi lled 
and water-fi lled catheters in a laboratory setting determined that the two means of pres-
sure transmission did not lead to inter-changeable results [ 7 ]. While air-fi lled catheters 
provided overdamped pressure transduction, water- fi lled catheters provided under-
damped pressure transduction and were more susceptible to motion artifact. Although 
water-fi lled catheters require a more time intensive setup and are subject to motion 
artifact when the tubing is manipulated during UDS, the superior degree of reliability 
led the ICS to recommend the use of water-fi lled catheters [ 2 ]. 

 The majority of  P  ves  catheters are either dual lumen, which allow simultaneous 
pressure transduction and fi lling, or triple lumen catheters, which also allow mea-
surement of urethral pressures. The ICS recommends use of a balloon catheter 
placed in either the rectum or vagina for  P  abd  readings [ 2 ]. The balloon should 
be free of air and fi lled with fl uid to only 10–20 % of its capacity to avoid falsely 
elevated abdominal pressures.  

    Cost of Equipment 

 Commercially available UDS systems provide a variety of options to meet a wide 
range of budgets. Answering the aforementioned clinical questions will help ensure 
that the appropriate UDS system is purchased for each clinical practice and avoid 

  Fig. 3.1    Urodynamic system with fl uoroscopic unit and fl uoroscopic compatible chair       
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either unnecessary features or a lack of functionality. The addition of features tends 
to correlate with an increase in price; however, a more sophisticated machine is not 
always the right choice for a particular clinical practice. The exact cost of UDS 
systems is variable and is largely driven by regional market forces and a clinical 
practice’s purchasing power. 

 In addition to a UDS system, two considerable budget items include a UDS chair 
and the purchase of a fl uoroscopy unit and the necessary accessories (see Fig.  3.1 ). 
The type of chair should complement the UDS system. A simple urofl ow commode 
will accommodate most patients undergoing simple cystometry in a community- 
based setting [ 5 ], while a motorized chair with multiple adjustments and radiation 
compatibility will be more appropriate for a tertiary referral center performing fl uoro-
scopic UDS testing on patients who may have limited mobility [ 8 ]. Most UDS centers 
utilizing fl uoroscopy will invest in a portable C-arm unit, which includes a viewing 
console and a mobile X-ray source and image intensifi er. The use of radiation also 
requires the purchase of appropriate lead barriers for all medical personnel in the UDS 
room during active fl uoroscopy. Lead aprons provide excellent protection from radia-
tion or a portable lead barrier may be more appropriate for the room confi guration. 

 In addition to the base price of the UDS system, one must also consider the 
cost of the disposable components (see Table  3.3 ). The most commonly used 
 disposable components include vesical (bladder) pressure catheters, abdominal 
pressure catheters, EMG patches, and connection tubing. Similar to the cost of the 
UDS system, the cost of disposable components is variable between suppliers, 
region, and institution. UDS systems that employ fl uoroscopy will also require the 
purchase of radiopaque contrast. A recent study by Marks and colleagues demon-
strated that cost saving can be achieved by utilizing contrast for the fi rst 250 mL of 
bladder fi lling and then switching to infused saline without altering the quality or 
interpretability of fl uoroscopic images [ 9 ].

       UDS Training 

 A successful UDS practice requires the UDS staff to be familiar with the components 
of a UDS system, to be knowledgeable about performing a UDS evaluation, and be 
able to perform basic troubleshooting. In addition to the physician interpreting the 

   Table 3.3    UDS disposable  P  ves  catheters   

 Manufacturer  Product  Specifi cations 

 Laborie [ 4 ]  Water-fi lled catheter  – Single lumen 6 or 8 Fr 
 – Triple lumen 7 Fr 

 Laborie [ 4 ]  Air-fi lled catheter 
 (TDOC ® ) 

 – 7 Fr 
 – Single or dual sensor 

 Laborie [ 4 ]  Electronic microtip catheter  – Reusable 
 Cooper Surgical [ 5 ]  Lumax™ fi beroptic microtip catheter  – 7 or 10 Fr 

 – Also used for P abd  measurement 
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test, the UDS staff performing the test should be familiar with basic lower urinary 
tract pathology and concepts that would be tested during UDS. As a rule, UDS is a 
dynamic test that requires a well-trained team to execute quality studies. 

 In the United States, there are no specifi c certifi cation requirements for UDS 
staff. In addition to the training provided by UDS manufacturers at the time of pur-
chase, several other training options exist for both novice and advanced UDS opera-
tors. The ICS has organized certifi cation courses in conjunction with scientifi c 
meetings and the Society of Urodynamics, Female Pelvic Medicine and Urogenital 
Reconstruction (SUFU) website includes an online teaching module that reviews a 
standardized UDS teaching curriculum for urology residents [ 10 ]. Laborie also 
sponsors a number of training courses that are held at regular intervals for both UDS 
staff and physicians (see Table  3.4 ). The Laborie courses address both basic UDS 
concepts and more advanced interpretation of studies and troubleshooting. For UDS 
nurses and technicians, the SUNA online store offers two publications focused on 
UDS training:  Special Series on Urodynamics—Traces: Making Sense of 
Urodynamics  ($20.00, $8.00 member price) and  A Practical Guide to Performing 
Urodynamics  ($55.00, $35.00 member price) [ 11 ].

       Upcoming Technology 

 In addition to technical refi nements, efforts to improve UDS testing should focus on 
reducing the discomfort associated with UDS, reducing the risk of a urinary tract 
infection (UTI) by eliminating the urethral catheter, and maximizing the ability of 
UDS to mimic urinary symptoms experienced at home. Noninvasive UDS was fi rst 
described by Schafer and colleagues in 1994 [ 12 ]. Using this technique, the fl ow of 
urine is interrupted and  P  ves  is calculated from the pressure transmitted by the col-
umn of fl uid from the urethra to the bladder. Although there has been some clinical 
interest in using noninvasive UDS to evaluate for bladder outlet obstruction, the 
clinical implementation of this technique is currently limited [ 13 ,  14 ].     

   Table 3.4    UDS training courses      

 Course  Sponsor  Target audience  Duration  Brief description 

 Comprehensive 
UDS 

 Laborie [ 4 ]  Physicians, nurses, 
technicians 

 2.5 days  – Review of LUT 
physiology and UDS 
setup and diagnosis 

 Hands-on UDS  Laborie [ 4 ]  Physicians, nurses, 
technicians 
 No previous UDS 
experience required 

 1 day  – Learn indications 
for UDS 

 – Review UDS setup 
and diagnosis 

 UDS interpretation  Laborie [ 4 ]  Physicians  1 day  – Learn to formulate 
patient-centric UDS 
objectives and 
interpret tracings 
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Chapter 4
Physician Coding and Reimbursement 
for Urodynamics

David J. Osborn, Denise Lynn Gartin, W. Stuart Reynolds, 
and Roger R. Dmochowski

 Introduction

A significant proportion of health care cost is related to diagnostic evaluation. In the 
United States, in the year 2000, an estimated 600 million dollars was spent on diag-
nostic testing related to complaints of overactive bladder [1]. A urodynamic (UDS) 
evaluation can be an important part of the diagnostic evaluation of certain disease 
processes. In 2011, the minimum cost billed for urodynamics in women was $500 [2].

Urodynamic testing is both a significant source of income for providers who 
treat voiding dysfunction and a significant expense for the payers, including gov-
ernment, insurance carriers, and others. In 2010, in an attempt to reduce cost and 
reimbursement for urodynamics, Centers for Medicare and Medicaid Services 
(CMS) instituted changes to current procedural terminology (CPT) codes for UDS 
and bundled several individual codes together, resulting in fewer billable codes. 
In addition, a greater emphasis has been placed on using an appropriate ICD-9-CM 
(International Classification of Disease 9th revision, Clinical Modification) diagno-
sis code with the appropriate CPT codes and modifiers, possibly resulting in more 
reimbursement denials.
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Although the implementation of ICD-10-CM (International Classification of 
Disease 10th revision, Clinical Modification) has been delayed several times, it is 
finally supposed to be in operation on October 1st, 2014 [3]. It is believed by the 
government that ICD-10-CM will be a significant improvement over ICD-
9- CM. Specific improvements include: additional information pertaining to ambu-
latory and managed care encounters, the creation of combination diagnosis/
symptom codes that are intended to reduce the number of codes needed to fully 
describe a condition, and the addition of a sixth and seventh digit to help improve 
diagnosis code specificity. Overall, coding and reimbursement for urodynamics 
should not be significantly affected.

 Basics of Coding and Reimbursement

 CPT Codes

CPT codes are numbers assigned to every task and service a medical provider per-
forms on a patient. For better understanding, CPT codes can be broken down into
three different types: E&M (Evaluation and Management) codes, procedural codes, 
and diagnostic procedural codes. E&M codes pertain to physician–patient encoun-
ters that involve discussion with the patient or caretaker, examination and medical
decision-making. Typically these take the form of outpatient clinical visits or inpa-
tient evaluations.

The CPT code allows payers such as CMS and insurance companies to value 
medical services provided and to scale reimbursement. CPT codes are developed 
and maintained by the American Medical Association (AMA). As medical practice 
evolves, new codes are added and old codes are discarded. The AMA copyrights 
CPT codes and controls their publication. The AMA provides an online service to 
look up individual CPT codes, but because of copyright infringement issues, it can
be difficult to search for thorough answers regarding coding and CPT codes on the 
internet. The AMA prefers that coding material is purchased from them or another 
company that has a business agreement with the AMA.

 Relative Value Units

Relative value units (RVUs) are numbers that are assigned to a specific CPT code to
give it value. The range of RVU values for urodynamics is 0.45–10.27. RVUs are
used to calculate facility and physician reimbursement for a procedure. For E&M 
and procedural CPT codes, CMS uses RVUs in the same way. However, for diag-
nostic CPT codes, CMS uses a slightly different method to calculate reimburse-
ment. The original work with RVUs was started in the 1980s and the value of
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different CPT codes is continually evolving. Each CPT code is targeted for review 
every 5 years to determine if the code has become obsolete, redundant or the RVU
level of the CPT code has changed. When making changes CMS receives input from
the AMA and the Specialty Society Relative Value Scale Update Committee (RUC).
The RUC is a 29-member committee composed of people appointed by the different
major physician specialty societies.

 RVU Use with E&M and Procedural CPT Codes

Under the Medicare physician fee schedule, each E&M and procedural CPT code is 
assigned four separate RVUs. The four RVUs for physician services are the Work
RVU, Facility Practice Expense RVU (Facility PE RVU), Non-Facility PE RVU
(Non-Facility PE RVU), and Malpractice RVU (MP RVU). The final compensation
level for a particular CPT code is determined by multiplying each of the types of 
RVU by a Geographical Adjustment (GPCI), adding the three values together and
then lastly multiplying this number by a conversion factor (CF, dollar amount). Of 
note, most coding books will just list total Facility RVU and total Non-Facility RVU
values and not the four separate values.

 TotalRVU WorkRVU PERVU MPRVU= + +  

 

FacilityPaymentAmount

WorkRVU WorkGCPI FacilityPERVU PEG

=

´ + ´( ) CCPI MPRVU MPGCPI CF( ) ( )éë ùû+ ´ ´
 

Non-FacilityPaymentAmount

WorkRVU WorkGCPI Non-FacilityP

=

´ +( ) EERVU PEGCPI MPRVU MPGCPI CF´ + ´ ´( ) ( )éë ùû

There are two different practice expense (PE) RVUs for every CPT code because
reimbursement depends on whether or not the physician performed the service in a 
free-standing outpatient clinic or a facility setting. Hospitals, hospital-based clinics,
and ambulatory surgery centers (ASC) are considered “facility” settings. Hospital
and hospital-based clinics are also referred to as Ambulatory Payment Classification 
locations (APC). The APC designation pertains to the way the hospital is reim-
bursed (outpatient and not inpatient reimbursement). In these facility settings, the 
PE RVU value for the physician reimbursement will be lower. This takes into
account some of the services provided by the hospital.

The conversion factor (CF for 2013 was $34.0230) is a simple way for Medicare 
and the government to control cost by adjusting physician reimbursement [4]. 
Recently, the implementation of cuts to the conversion factor has been an important
topic in the news and medical society communications. Large decreases in the CF 
have continually been delayed by congress over the past 5 years. Unless it is again 
delayed, changes to the conversion factor will cut physician reimbursement by 25 % 
in January 2014.
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 RVU Use with Diagnostic CPT Codes

For diagnostic CPT codes, the total (global) RVU is a sum of the Professional
Component (PC) and Technical Component (TC) RVUs. For a diagnostic test, the
PC is similar to the Work RVU and the TC is similar to the PE RVU plus the MP
RVU. The global amount paid to a physician who performs a diagnostic test such as
urodynamics in the non-facility setting is approximately the sum of the professional 
component and the technical component payments that are reimbursed for diagnos-
tic procedures performed in a facility.

 GlobalPayment Amount PCPayment Amount TCPayment Amount» +  

In the facility setting, the professional component reimburses for the interpretation 
of a test results and the TC reimburses for the cost of equipment, the technician, and 
the malpractice expense covered by the hospital.

If a diagnostic test is performed in a facility then only the PC will be used to 
calculate reimbursement to the physician. However, if a diagnostic test is not being
performed in a facility then the physician is reimbursed based on the total Global 
RVU. It is the authors’ opinion that if a physician is performing diagnostic tests in
a facility setting, the facility should be paying a portion of the physician’s malprac-
tice expenses because the facility is being reimbursed for malpractice coverage by 
CMS as part of the TC. Of note, there are some CPT codes that are either only PC 
or only TC. Lastly, the TC payment amount reimbursed to a facility also depends on 
whether it is a hospital or ambulatory surgery center.

 International Classification of Diseases-9th Revision-Clinical 
Modification Codes

ICD-9-CM Codes are unique numbers assigned to a disease process or diagnosis. 
They are used as a way for payers to verify that the CPT codes listed are medically 
necessary. Each CPT code billed should be supported by an ICD-9-CM diagnosis 
code that substantiates the need for those services provided. In addition, because 
they also imply the severity of a patient’s medical problem, ICD-9-CM codes also
limit which CPT codes can be used. Commonly accepted ICD-9-CM codes for uro-
dynamics are listed in Table 4.1.

Proper coding of clinical procedures and diagnoses is dependent on the material 
documented in the patient’s medical record. CMS determines which ICD-9-CM
codes are required for a CPT code to be covered or reimbursed. However, because
each state has a particular carrier for government Medicare, the required ICD-9-CM 
codes vary from state to state.
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 Modifiers

Modifiers are two digit codes that are added to a CPT Procedure code or E&M code 
in order to clarify the services being billed. The four most commonly used modifiers 
for urodynamic billing by a physician are the -26, -51, -25, and -59 modifiers. This 
information is summarized in Table 4.2.

Table 4.1 Appropriate diagnosis ICD-9-CM codes for urodynamics (adapted from Ingenix [5])

ICD-9-CM code with corresponding description

344.61 Cauda equina syndrome with 
neurogenic bladder

598.1 Traumatic urethral stricture

595.1 Chronic interstitial cystitis 598.2 Post-operative urethral stricture
595.2 Other chronic cystitis 600.01 BPH with urinary obstruction and LUTS
595.82 Irradiation cystitis 618.01 Cystocele, midline
596.0 Bladder neck obstruction 618.02 Cystocele, lateral
596.1 Intestino-vesical fistula 625.6 Female stress urinary incontinence
596.2 Vesical fistula 753.6 Congenital atresia/stenosis of urethra/

bladder neck
596.3 Bladder diverticulum 788.21 Incomplete bladder emptying
596.4 Bladder atony 788.31 Urgency incontinence
596.51 Bladder hypertonicity 788.32 Male stress incontinence
596.52 Low bladder compliance 788.33 Mixed incontinence (urge and stress) 

male and female
596.53 Bladder paralysis 788.37 Continuous leakage
596.54 Neurogenic bladder not otherwise 

specified
788.41 Urinary frequency

Table 4.2 Summary of commonly used modifiers (adapted from: current procedural coding 
expert by Optum 2012) [6]

Modifier 26 Professional component only of a procedure or service
Modifier 51 Multiple procedures performed at same session by same provider
Modifier 25 Significant, separately identifiable evaluation, and management service by 

same physician or other qualified health care professional on the same day of 
procedure or other service

Modifier 59 Distinct procedure, used to identify a procedure not usually reported together 
but are appropriate under the circumstances

Modifier 58 Staged or related procedure or service by same physician or other qualified 
health care professional during post-operative period

Modifier 78 Unplanned return to the operating/procedure room by the same physician or 
other qualified health care professional following initial procedure for a 
related procedure during the post-operative period

Modifier 79 Unrelated procedure or service by the same physician during the post-
operative period
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The -26 modifier is used ONLY for diagnostic tests performed in a facility  setting 
where reimbursement is being shared between the facility and the physicians. The 
-26 modifier designates the professional component of a service provided, such as 
interpretation of a test results. The -26 modifier tells CMS or other payers that it 
needs to split reimbursement between the physician and the facility. The physician 
will receive reimbursement for the Professional Component and the facility receives 
reimbursement for the Technical Component.

The -51 modifier is used to designate that multiple related procedures were per-
formed on the same patient at the same visit. The first CPT code has the highest 
RVU value, will not have the modifier appended, and will be reimbursed at 100 %
of the allowable reimbursement. All additional codes will have the -51 modifier 
appended and be reimbursed at 50 % of the allowable reimbursement.

The -25 modifier is used when billing for both an E&M code and a procedure 
code on the same day. This is often used if the urodynamics are done in the setting 
of a new patient encounter. The E&M code should be separate, identifiable, and 
above and beyond what is expected for the procedure/s performed. As long as the 
visit is properly documented and the modifier is used, billing for a new patient 
encounter and urodynamics on the same day should not affect reimbursement.

The -59 modifier is used to designate a procedure that is distinct or independent from 
other services performed on the same day. In the case of urodynamics, this is commonly 
appended to the cystoscopy CPT code (52000) if a cystoscopy was performed on the 
same day as urodynamics. The use of this code also does not affect reimbursement.
Three other modifiers that might be used with urodynamic coding are -58, -78,

and -79. These modifiers are necessary if the urodynamic test is performed while 
patient is in a 90-day post-surgery global period. The -58 modifier is used if the
urodynamic test is a planned or staged part of the surgery (dictated as part of the 
plan in the operative note) that created the post-operative global period. The -78
modifier is used when there is an unplanned need for urodynamics during the global 
post-operative time period because of a medical problem related to the original 
surgery. The -79 modifier is used when the same physician is performing urodynam-
ics on a patient during the post-operative global time period for a medical condition 
not related to the original surgery. Of note, when the above three codes are used 
correctly, reimbursement should not be affected.

 Urodynamic Coding Step-by-Step

 1. Choose an appropriate ICD-9-CM code (Table 4.1).
 2. Choose one primary CPT code from Group A (Table 4.3).
 3. Choose one CPT code from Group B and add the -51 modifier (Table 4.3).
 4. Choose one CPT code from Group C and add the -51 modifier (Table 4.3).
 5. If fluoroscopy was used, choose all three CPT codes in Group D and do NOT 

add the -51 modifier (Table 4.3).
 6. If a urinalysis was performed choose one CPT code from Group E and do NOT 

add the -51 modifier (Table 4.3).
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 7. If a rectal or vaginal catheter was used to measure intra-abdominal pressure 
choose 51797 from Group F and do NOT add the -51 modifier (Table 4.3).

8. If a cystoscopy was performed, choose code 52000 from Group F and add the
-59 modifier (Table 4.3).

9. If PVR was measured using a PVR scanner, choose 519798 from Group F and
add the -51 modifier.

 10. If the procedure was performed in a facility setting, the -26 modifier should be 
added to the UDS and radiology codes.

 Three Examples and How They Should Be Billed

 1. A 55-year-old patient new to your non-facility clinic and yourself is seen for 
evaluation of mixed urinary incontinence and pelvic organ prolapse. The patient 
has the following done (Table 4.4):

 a. Moderately complex history and physical examination.
 b. Urinalysis without microscopy.
 c. Post-void residual measured using a bladder scanner.

Table 4.3 CPT codes for urodynamics (adapted from Ingenix [5])

CPT code Description Global RVU

Group A 51725 Simple cystometrogram (CMG) 5.62
51726 Complex cystometrogram 7.94
51727 Complex cystometrogram with urethral pressure profile 

studies
9.47

51728 Complex cystometrogram with voiding pressure studies 
and urethral pressure profile studies

9.47

51729 Complex cystometrogram with voiding pressure studies 10.27
Group B 51736 Simple uroflowmetry (uncommon) 0.45

51741 Complex uroflowmetry (more common) 0.47
Group C 51784 Electromyography studies (EMG) of anal or urethral 

sphincter other than needle
5.76

51792 Stimulus evoked response (e.g., measurement  
of bulbocavernosus reflex latency time)

7.65

Group D 74430 Contrast, bladder X-ray 1.24
74455 X-ray, urethra or bladder 2.57
76000 Fluoroscope examination 1.56

Group E 81002 Urinalysis without microscopy (non-auto) 0
81000 Urinalysis with microscopy (non-auto) 0

Group F 51797 Measurement of intra-abdominal pressure 3.36
52000 Diagnostic cystourethroscopy 3.68 or 6.0a

51798 Measurement of PVR bladder scanner 0.58
aFacility and non-facility reimbursement
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 d. Complex uroflowmetry using calibrated equipment.
e. Bladder emptied with a catheterization and the PVR is again measured.
 f. Video urodynamics with placement of a pressure transducer catheters in the 

bladder and vagina.
 g. EKG leads are placed on the perineum to record urethral sphincter activity.
 h. The bladder is filled with contrast.
 i. Fluoroscopy is used to visualize the bladder and urethra.
 j. A standard pressure flow study is performed with voiding pressures.
k. A PVR is again calculated by subtracting the voided volume from the filled

volume.
 l. Cystoscopy with examination of urethra, bladder, and trigone.

 2. A 65-year-old male patient new to your hospital-based clinic and yourself is seen 
for evaluation of post-prostatectomy incontinence. The patient has the following 
done (Table 4.5):

 a. Moderately complex history and physical examination.
 b. Urinalysis with microscopy.

Table 4.4 Non-facility, new patient urodynamics

CPT code Description

99203-25 Moderate complex new patient visit
51729 Complex cystometrogram with voiding pressure studies
51741-51 Complex uroflowmetry (calibrated equipment)
51784-51 Electromyography studies (EMG) of anal or urethral sphincter other than needle
74430 Contrast, bladder X-ray
74455 X-ray, urethra or bladder
76000 Fluoroscope examination
51797 Measurement of intra-abdominal pressure
51798-51 Measurement of PVR bladder scanner
81002 Urinalysis without microscopy (non-auto)
52000-59 Diagnostic cystourethroscopy
51600-51 Instillation of contrast to bladder

Table 4.5 Facility (hospital-based clinic), new patient urodynamics

CPT Code Description

99203-25 Moderate complex new patient visit
51729-26 Complex cystometrogram with voiding pressure studies
51741-26-51 Complex uroflowmetry (calibrated equipment)
51784-26-51 Electromyography studies (EMG) of anal or urethral sphincter other than needle
51797-26 Measurement of intra-abdominal pressure
51798-51 Measurement of PVR bladder scanner
81000 Urinalysis with microscopy (non-auto)
52000-59 Diagnostic cystourethroscopy
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 c. Post-void residual measured using a bladder scanner.
 d. Complex uroflowmetry using calibrated equipment.
e. Bladder emptied with a catheterization and the PVR is again measured.
 f. Urodynamics with placement of pressure transducer catheters in the bladder 

and rectum.
 g. EKG leads are placed in the perineum to record urethral sphincter activity.
 h. The bladder is filled with saline.
 i. A standard pressure flow study is performed with voiding pressures.
j. A PVR is again calculated by subtracting the voided volume from the filled

volume.
k. Cystoscopy with examination of urethra, bladder, and trigone.

3. A 48-year-old established male patient with a spinal cord injury presents to your
non-facility clinic for video urodynamics. The patient has the following done 
(Table 4.6):

 a. A urinalysis without microscopy.
 b. Post-void residual measured using a bladder scanner.
 c. Complex uroflowmetry using calibrated equipment.
d. Bladder emptied with a catheterization and the PVR is again measured.
 e. Video urodynamics with placement of pressure transducer catheters in the 

bladder and rectum.
 f. EKG leads are placed in the perineum to record urethral sphincter activity.
 g. The bladder is filled with contrast.
 h. Fluoroscopy is used to visualize the bladder and urethra and reflux is noted up 
the ureters into the kidneys on both sides.

 i. A standard pressure flow study is performed with voiding pressures.
j. A PVR is again calculated by subtracting the voided volume from the filled

volume.
k. Cystoscopy with examination of urethra, bladder, and trigone.

Table 4.6 Non-facility, established patient urodynamics

CPT Code Description

51729 Complex cystometrogram with voiding pressure studies
51741-51 Complex uroflowmetry (calibrated equipment)
51784-51 Electromyography studies (EMG) of anal or urethral sphincter other than needle
74430 Contrast, bladder X-ray
74455 X-ray, urethra or bladder
76000 Fluoroscope examination
51797 Measurement of intra-abdominal pressure
51798-51 Measurement of PVR bladder scanner
81000 Urinalysis with microscopy (non-auto)
52000-59 Diagnostic cystourethroscopy
51600-51 Instillation of contrast to bladder
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 And If the Coding Is Done Correctly…

Table 4.7 below displays average national reimbursement for diagnostic tests related 
to urodynamics performed in multiple settings.

 Urodynamic Coding Things to Remember

• If a physician performs more than one urodynamic procedure on a patient on the 
same day, list the highest RVU value code first and then append additional codes
with a -51 modifier.

• The primary procedure is reimbursed at 100 % of the fee schedule or allowable 
amount and the subsequent procedures will be paid at 50 % of the fee schedule 
or allowable amount.

• CPT code 51797 is an add-on code and is not subject to the multiple procedure 
discounts. This code would be reimbursed at 100 % of the fee schedule or allow-
able amount.

• A cystoscopy (CPT code 52000) performed on the same day is also reimbursed 
at 100 % of the fee schedule or allowable amount. Remember, this code needs a
-59 modifier rather than -51 since it is defined as a separate procedure in CPT.

• When it is appropriate to bill for both an E&M and a procedure code, add a -25
modifier on the E&M code.

Table 4.7 Estimated reimbursement for urodynamics (adapted from Cooper surgical website [7])

CPT code

Non-facility  
physician  
receives… ($)

Facility  
physician 
receives… ($)

APC hospital 
receives… ($)

ASC ambulatory 
surgery center 
receives… ($)

51725 211 78 221 100
51726 308 89 221 124
51727 306 110 221 124
51728 303 107 221 124
51729 332 129 221 124
51736 35 12 46 17
51741 43 17 77 20
51784 206 79 77 43
51792 233 57 77 43
51797 235 42 140 70

ASC ambulatory surgery center, APC ambulatory payment classification
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    Chapter 5   
 Conducting the Urodynamic Study 

             Ahmed     El-Zawahry     

          Introduction 

 Multichannel urodynamics (UDS) are a group of tests used to measure different 
dynamic aspects of the lower urinary tract (LUT) during storage (fi lling) and void-
ing [ 1 ,  2 ]. The term “urodynamics” was initially employed by Davis [ 3 ] in 1954 to 
describe tests used to evaluate LUT function. 

 Lower urinary tract symptoms (LUTS) are often overlapping and insuffi cient to 
support a diagnosis alone. Bates coined the often-used expression “the bladder is an 
unreliable witness,” in 1970, and it is a maxim that often proves to be true in clinical 
practice. For this reason, obtaining objective confi rmation of the patient’s subjective 
symptoms can be an important element in clarifying complex diagnoses, particu-
larly before proceeding to invasive therapies. However, one should remember that 
UDS tests do not replace other diagnostic tests such as urinalysis, cystoscopy, or 
imaging, if needed, and it should be an integral part of the work-up to establish the 
proper diagnosis, categorize the severity of the condition, and help with choosing 
treatment options [ 4 ]. 

 The main objective of multichannel UDS is to attempt to duplicate the storage 
and voiding functions of the bladder that are experienced by the patient in daily life 
to help identify the pathophysiology behind the voiding dysfunction symptoms. 
There are several key questions that should be kept in mind when thinking about 
UDS testing. 

        A.   El-Zawahry ,  MBBCh      (*) 
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   When to Consider the UDS Test 

 Although multichannel UDS is a very helpful test, it has an associated cost. It is an 
invasive test that is not without discomfort and may carry a risk of infection. It is 
also expensive. It is therefore imperative that one ask several questions: (1) if the 
UDS study is needed? (2) what is the information being sought by the exam? and 
(3) if the information obtained assist with diagnosis and management? 

 There are several guidelines available to help identify the role of UDS in clinical 
practice. The American Urological Association (AUA) Urodynamics guideline can 
be reviewed at the AUA website [ 5 ] (  http://www.auanet.org/education/guidelines/
adult-urodynamics.cfm    ). A general outline of the proper indications for UDS in 
clinical practice would include [ 6 ]:

    1.    Characterization of LUT dysfunction and identifi cation of problems associated 
with LUT dysfunction.   

   2.    Identifi cation of factors causing or contributing to voiding dysfunction.   
   3.    Identifi cation of risk factors associated with LUT dysfunction that can lead to 

upper tract deterioration.   
   4.    Assessment of the outcome of the anticipated treatment and possible unfavorable 

side effects.   
   5.    Evaluation for possible reasons of treatment failure and help to plan for future 

treatment plans and proper patients counseling.    

  Based on AUA/SUFU guideline statements, the following indications 
for performing UDS can be summarized [ 5 ,  7 ]: 

   1.     Indications to perform UDS in patients with stress urinary incontinence (SUI) 
include :

   a.    When considering invasive surgery, a post-void residual urine (PVR) should 
be assessed.   

  b.    Clinician may consider multichannel UDS in patients with both symptoms 
and clinical fi ndings of SUI before invasive treatments. UDS is considered 
helpful in patients with complicated history such as previous surgery, mixed 
storage symptoms, or voiding symptoms.   

  c.    In patients with high-grade pelvic organ prolapse (POP), UDS should be per-
formed with POP reduction to assess for occult SUI and other detrusor dys-
function issues.    

      2.     Indications to perform UDS on patients with overactive bladder (OAB), Urgency 
Urinary Incontinence (UUI), and Mixed Urinary Incontinence (MUI) include :

   a.    When it is important to determine the presence or absence of altered bladder 
compliance, detrusor overactivity (DO), or other UDS abnormality in patients 
who are considering invasive or irreversible procedures.   

  b.    In patients with refractory UUI after bladder outlet procedures, clinicians may 
perform pressure fl ow studies to assess for bladder outlet obstruction (BOO).   

  c.    In women with storage symptoms refractory to treatment following anti- 
incontinence surgery to identify BOO.    
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      3.     Indications to perform UDS in patients with neurogenic bladder (NGB) : 
 The role of UDS in patients with NGB is to identify patients who are at risk for 
developing upper tract and renal deterioration associated with storage pressure 
problems and lower bladder compliance.   

   4.     Indications to perform UDS in patients with LUTS include : 
 In performing UDS in patients with LUTS, a urofl ow, PVR, and a pressure fl ow 
study (PFS), or multichannel UDS with or without fl uoroscopy can be  helpful to 
diagnose the cause of LUTS.

   a.    When an abnormality of voiding/emptying is suggested.   
  b.    To determine whether DO or other abnormalities of bladder fi lling/urine stor-

age are present in patients with LUTS particularly when invasive procedures 
are considered.   

  c.    When it is important to determine whether urodynamic obstruction is present 
in men with LUTS especially when invasive or irreversible procedures are 
being considered.   

  d.    In women with LUTS when it is important to determine if obstruction is present.   
  e.    Clinicians may perform video-urodynamics in properly selected patients to 

localize the level of obstruction, particularly for the diagnosis of primary 
bladder neck obstruction.        

     Pretest Questions 

 Before ordering any test, questions need to be answered and the proper test to 
answer these questions needs to be identifi ed. As with any diagnostic test, answers 
that are obtained should help confi rm the diagnosis and/or help with the treatment 
plan. UDS is not different than any other diagnostic test that is used in clinical 
 practice and questions need to be formulated before ordering the test (Table  5.1 ). 

   Table 5.1    Questions to think about while thinking about UDS test for patients   

 Urodynamics  Questions to ask 

 Pretest  Q1. Does the patient need this test? 
 Q2. What questions do I need to answer? 
 Q3. How should the test be designed to answer the pre-study questions? 
 Q4. What provocative maneuvers if any do I need to perform? 

 During the test  Q1. Is the study designed appropriately to answer the questions? 
 Q2. Is the study performed appropriately? 
 Q3. Are there any artifacts or technical problems? 
 Q4. Am I able to reproduce the patient’s symptoms? 
 Q5.  If the patient’s symptoms are not reproduced, are there any provocative 

tests that may reproduce them? 
 Post-test  Q1. Was the study technically performed well? 

 Q2. Were there any artifacts that needed to be accounted for during interpretation? 
 Q3. Were the patient’s symptoms reproduced during the study? 
 Q4. Were the pretest question/s answered? 
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Before ordering UDS, a physician should have pretest questions formulated in mind 
with regard to the study objectives:

     1.    Why do I need to perform this test?   
   2.    What information do I need?   
   3.    What UDS test(s) do I need to perform to understand the patient’s problems?   
   4.    Will the information acquired during the study help in diagnosing the problem 

and the decision-making process for treatment?   
   5.    How can I reproduce the patient’s problems during the study?    

  At the conclusion of the study, the physician asks the questions

   “Were the patients’ symptoms reproduced during the study?”  
  “Did the results of the study correlate with the patient symptoms?”    

 It is important to recognize that a UDS study is most meaningful when the 
patient’s symptoms are reproduced during test. This should be addressed with the 
patient during and after the study.  

   UDS Planning 

 Physicians should consider UDS testing when the clinical data obtained is insuffi -
cient to determine the factors contributing to LUTS [ 8 ,  9 ]. Obtaining such knowl-
edge will help to decide the appropriate treatment for the patient [ 1 ]. For example, 
performing multichannel UDS in patients with neurogenic bladder can not only 
evaluate bladder function but can also help assess risk factors that could lead to 
upper tract deterioration. It also helps in counseling patients regarding possible 
therapeutic outcomes and identifying possible causes behind treatment failure. 

 A working diagnosis is necessary prior to the multichannel UDS study and the 
test should be individualized to answer questions generated for each patient prior 
to initiation of the study. The study is most helpful when the clinical symptoms 
being investigated are reproduced during the study. If the examiner is unable to 
reproduce the symptoms, then it is essential to consider tailoring the study or 
changing the environment to reproduce the symptoms to facilitate a successful 
study [ 10 ]. The following questions, considered prior to and during the study, can 
help defi ne this process.

    1.    What questions do I need to answer?   
   2.    What symptoms do I need to reproduce?   
   3.    How can I reproduce the symptom while performing the study?   
   4.    What provocative tests do I need to perform to reproduce these symptoms?    
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      Pretest Arrangements 

   Pretest Counseling 

 UDS testing is considered a minimally invasive procedure; however, the patient 
may view it differently. Patients often perceive this test as an intrusion into their 
privacy and they may experience a great deal of anxiety associated with several 
aspects of the test including the environment of the test, urethral and rectal cathe-
terization, voiding in front of strangers, and the embarrassment associated with 
being exposed. Proper patient counseling including a face-to-face explanation of 
the test as well as supplemental handouts can reduce this anxiety. A variety of 
online sources are available which patients can use as additional informational 
resources. Studies [ 11 ,  12 ] have demonstrated that most of the patients who undergo 
multichannel UDS testing would not object to repeat testing if needed and that the 
test causes only minimal anxiety and discomfort. However this does not preclude 
the fact that pretest counseling is important to prepare the patient for the test. It is 
crucial to explain to the patient about the expectation of catheterization during the 
study. Physician–patient communication should continue during the study to allevi-
ate any anxiety or concern.  

   UDS Personnel 

 The successful UDS study depends on a team effort. Properly trained staff is crucial 
in order to perform a good quality study. The staff should be familiar with the 
patient’s history, study requirements, the technique, and the machine settings. 
Proper interpretation of the study also requires the ability to reliably identify arti-
facts that occurred during the study. This requires a good understanding of the tech-
nique and an open communication between the nurse or technician who is performing 
the test and the physician interpreting the study. The physician or nurse/technician 
performing the study must carefully record observations that were made during the 
study [ 13 ,  14 ]. Annotating the graph appropriately noting such activity as changes 
associated with changes in position, and provocative maneuvers (coughing, strain-
ing, command to void, etc.) will aid in accurately interpreting the study. This 
requires paying attention to fi ne details while performing the test and the clinical 
experience to initiate such maneuvers appropriately and record them succinctly on 
the study graph and/or event summary [ 15 ].   
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   Preparing for UDS Evaluation 

   History 

   History of Lower Urinary Tract Symptoms 

 Completing an appropriate and relevant history is an important part of the prepara-
tion for UDS testing. History (Table  5.2 ) should start with a detailed inquiry about 
the patient’s symptoms and analysis of these symptoms (Table  5.3 ). Symptoms can 
be quantifi ed with the aid of available validated questionnaires. Examples of such 
questionnaires include the International Prostate Symptom Score (IPSS), King’s 
Health Questionnaire (ICIQ-LUTSqol), Symptoms Severity Index (SSI), and 
Urogenital Distress Inventory-6 (UDI-6). LUT symptoms are often quantitated by 
means of a voiding diary and pad test. It should be clarifi ed if the patients’ symptoms 
are related to lower urinary pathology, patient physiology, or being practiced out of 
habit/convenience (e.g., increased urinary frequency secondary to increased fl uid 
intake, using pads as precautionary measures for fear of incontinence) or secondary 
to other comorbidities (e.g., congestive heart failure or sleep apnea). Documentation 
should include the duration of symptoms, severity and impact of the symptoms [ 15 ].

    For example, if the patient has urinary incontinence, it should be properly charac-
terized. Is it associated with physical activity (SUI),    Urgency Urinary Incontinence 
(UUI), or other factors? How severe is the leakage? What situations or maneuvers 
reproduce leakage? How forceful is the urinary stream? Is there any history of treat-
ment or surgery for leakage? Does the patient wear any pads? How many pads? How 
saturated are the pads? Does the patient wear pads out of convenience for fear of 
incontinence? Also if the patient has prolapse, does she use any special maneuvers to 
be able to void such as digital splinting or positioning in order to be able to void [ 16 ].  

   Table 5.2    Pretest evaluation for patients undergoing UDS   

 History  − History of present illness including using validated questionnaires 
 − Past medical and neurologic history 
 − Drug history 
 − Obstetric history 
 − Past surgical history 

 Physical examination  − Genitourinary examination 
 − Abdominal examination 
 − Rectal examination 
 − Vaginal examination 
 − Pelvic fl oor examination 
 − Focused neurological examination 

 Pretest evaluation  − Pad test 
 − Voiding diary 
 − Post-void residual urine (PVR) 
 − Urinalysis, culture, and sensitivity 
 − Cystoscopy or imaging if indicated 
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    Table 5.3    LUTS based on International Urogynecological Association (IUGA)/International 
Continence Society (ICS) joint report on the terminology for female pelvic fl oor dysfunction [ 20 ]   

 Urinary incontinence symptoms  Defi nition 

 Continence  The voluntary control of bladder and bowel function 

 Urinary Incontinence (UI)  Complaint of any involuntary loss of urine 

 Urgency Urinary 
Incontinence (UUI) 

 Complaint of involuntary loss of urine associated with urgency 

 Stress Urinary Incontinence 
(SUI) 

 Complaint of involuntary loss of urine on effort or physical exertion 
or on sneezing or coughing 

 Postural (urinary) 
Incontinence 

 Complaint of involuntary loss of urine associated with change of 
body position such as rising from a seated or lying position 

 Nocturnal enuresis  Complaint of involuntary urinary loss which occurs during sleep 

 Mixed Urinary Incontinence  Complaint of involuntary loss of urine associated with urgency and 
also with effort or physical exertion or on sneezing or coughing 

 Continuous Urinary 
Incontinence 

 Complaint of continuous involuntary loss of urine 

 Insensible Urinary 
Incontinence 

 Complaint of urinary loss where the individual is unaware of how it 
occurred 

 Coital Incontinence  Complaint of involuntary loss of urine with coitus 

  Bladder storage symptoms    Defi nition  

 Increased urinary frequency  Complaint of voiding occurs more frequently during waking hours 
than previously deemed normal [ 20 ] 
 Complaint of voiding too frequent while awake. Eight voids per day 
or voiding ≤2 h [ 13 ] 

 Nocturia  Complain of interruption of sleep one or more times because of the 
need to micturate. Each void is preceded and followed by sleep [ 20 ] 
 It is waking up at night to void. Zero to one episodes in adults 
<65 years of age or up to 2 in older adults is considered normal [ 13 ] 

 Urgency  A sudden and compelling desire to pass urine that is diffi cult to defer 

 Overactive Bladder 
symptoms (OAB, Urgency) 

 Urinary urgency, usually accompanied by frequency and nocturia 
with or without urgency urinary incontinence, in the absence of 
urinary tract infection (UTI) or other obvious pathology 

  Voiding symptoms    Defi nition  

 Hesitancy  Complaint of a delay in initiating micturition 

 Slow stream  Complaint of a urinary stream perceived as slower compared to 
previous performance or in comparison with others 

 Intermittency  Complaint of urine fl ow that stops and starts on one or more 
occasions during voiding 

 Straining to void  Complaint of the need to make an intensive effort (by abdominal 
straining, Valsalva or suprapubic pressure) to either initiate, 
maintain, or improve the urinary stream 

 Spraying (splitting) 
of urinary stream 

 Complaint that urine passage is a spray or split rather than a single 
discrete stream 

 Feeling of incomplete 
bladder emptying 

 Complaint that the bladder does not feel empty after micturition 

 Need to immediately re-void  Complaint that the bladder does not feel empty after micturition 

 Position-dependent 
micturition 

 Complaint of having to take specifi c position to be able to micturate 
spontaneously or to improve bladder emptying 

 Dysuria  Complaint of burning or other discomfort during micturition, 
discomfort may be intrinsic to the lower urinary tract or external 

 Urinary retention  Complaint of the inability to pass urine despite persistent effort 

  Post-micturition symptoms    Defi nition  

 Post-micturition leakage  Complaint of a further involuntary passage of urine following the 
completion of micturition 
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   Past Medical History 

 The physician should inquire about any other comorbid conditions that can affect the 
patient’s urinary tract. One should specifi cally ask about any history of any neuro-
logical conditions such as lumbosacral intervertebral disc problems, or back/spine 
surgery, Cerebro-vascular accidents (CVA), Parkinson’s disease, and other cerebral 
abnormalities. In cases of problems with the spinal cord such as spinal cord injuries 
or spina bifi da, the level of the spinal cord lesion should be determined? Other symp-
toms that may suggest neurological disorders should be kept in mind such as double 
vision, numbness, or tingling which could be secondary to multiple sclerosis (MS). 
A history of diabetes and neuropathy is important to elicit, including the duration of 
the disease. Previous exposure to radiation therapy especially pelvic radiation should 
be assessed as this could be associated with radiation cystitis, small bladder capacity, 
and low compliance. It is also important to inquire about a history of constipation as 
this could affect the bladder function as well as UDS test performance [ 17 ]. Any 
physical or cognitive impairment should be noted as it may require additional 
arrangements for patient preparation and management during the UDS study [ 15 ].  

   Drug History 

 Inquiring about drug history is important as some medications can affect the LUT 
such as narcotics, antihistaminics, antimuscarinics, and sympathomimetics. Also 
the physician should decide on whether the patient should continue or discontinue 
any given medication at the time of the study [ 15 ]. Discontinuing such medication 
provides a baseline assessment whereas continuing medications allows an assess-
ment of the patient as they currently exist on the medication.  

   Obstetric History 

 It is important to know about the obstetric history including the number of vaginal 
deliveries, any trauma during delivery, size of the babies, and diffi culty during 
delivery with use of additional equipment (e.g., forceps) to facilitate delivery.  

   Past Surgical History 

 It is imperative to obtain the past surgical history as pelvic surgeries could have 
some effects on bladder function. A prior history of radical hysterectomy or 
abdomino- perineal resection (APR) could lead to detrusor dysfunction including 
poor contractility with or without compliance abnormalities. Also a history of prior 
surgery for prolapse, or incontinence procedures such as slings might suggest alter-
native diagnoses such as bladder outlet obstruction for which customization of the 
study would be benefi cial. A history of prostate or urethral diseases and/or surgeries 
in men should be collected as these might suggest diffi culties with catheterization 
for the UDS study.   
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   Physical Examination 

   Genitourinary Examination 

 It is important to obtain a good genitourinary (GU) examination prior to the UDS 
study. The GU examination should include abdominal examination to evaluate for 
masses, hernia, and/or a distended bladder. The physician can confi rm the presence 
of stress urinary incontinence during the examination by means of a cough stress 
test. Any urethral abnormalities should be noted. In male patients, a prostate exami-
nation should be performed.  

   Abdominal Examination 

 The presence of scars from previous surgery especially pelvic surgery is noted. 
A lower abdominal examination should assess for any evidence of suprapubic full-
ness indicating a full bladder or urinary retention. Fecal impaction should be noted 
as this could affect placement of rectal catheters, and in addition, rectal distention 
due to constipation can signifi cantly affect bladder function [ 18 ].  

   Rectal Examination 

 Rectal examination is used to assess for anal sphincter tone and strength. It also 
helps to assess for abnormalities of sacral innervation (S2–S4) via the bulbo- 
cavernosus refl ex, anal wink, and sensation around the saddle area.  

   Vaginal Examination 

 Vaginal examination is extremely important [ 19 ] prior to UDS testing. The introitus 
should be examined for the presence of vaginal atrophy or urethral abnormalities. 
The presence of vaginal prolapse should be assessed and the degree should be docu-
mented. The presence of prolapse can affect LUT function [ 15 ,  16 ] and also may 
suggest the need to pursue additional maneuvers during UDS testing. For example, 
if there is signifi cant pelvic organ prolapse, one may choose to reduce it with a pes-
sary during the study in order to assess for occult SUI or alternatively to examine 
the potential obstructive effects of the prolapse on voiding. The presence of any scar 
tissue or a urethral abnormality from previous incontinence surgery such as a swan 
neck deformity should be documented.  

   Pelvic Floor Muscle 

 Pelvic fl oor muscle resting tone and function should be assessed during physical 
examination and should be noted if it is normal, overactive, underactive, or 
 non- functioning [ 13 ,  20 ,  21 ].  
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   Focused Neurologic Examination 

 Neurologic examination should be a part of the evaluation of patients with voiding 
dysfunction undergoing UDS assessment. The physician should observe for any 
gait abnormalities and any lower extremity weakness. Sensation of the saddle area 
and rectal tone is an important part of the neurological examination. Assessment of 
the sacral is refl exes that should be considered to test for sacral nerve integrity. 
These refl exes are centrally integrated at S2 to S4. The refl ex arc is mediated via 
afferent and efferent limbs within the pelvic nerves. The refl exes [ 22 ] include:

    1.    The anal wink refl ex: this can be elicited by tapping the perianal skin and observ-
ing for anal sphincter contraction.   

   2.    The bulbo-cavernosus refl ex: this is elicited by digital squeezing of the glans 
penis (or clitoris), which will result in contraction in the anal sphincter or bulbo- 
cavernosus muscle [ 18 ,  23 ].    

  If abnormalities are noted in the neurological examination further evaluation is 
warranted.    

   Pretest Evaluation 

   Post-void Residual Urine 

 PVR is defi ned as “the volume of urine left in the bladder at the end of micturition” 
[ 13 ,  20 ] and is often considered an urodynamic test in isolation. According to the 
AUA guidelines assessment of PVR should be performed in:

    1.    Patients with SUI or pelvic organ prolapse who are considering invasive 
procedures.   

   2.    Patients with neurogenic bladder as a part of their evaluation [ 5 ].   
   3.    Patients with LUTS as a part of their evaluation to rule out urinary retention as a 

cause of their symptoms [ 5 ].    

  There are multiple methods to measure the PVR. These include invasive and 
non-invasive methods. The invasive approaches can be performed via in-and-out 
catheterization or endoscopy. Non-invasive means include transabdominal ultraso-
nography using real-time ultrasound or automated systems. It can also be assessed 
during IVP, video-urodynamics, or radioisotope studies [ 6 ]. 

 Catheterization is the gold standard for measuring PVR. However, it should be 
noted that proper technique is important to obtain an accurate measurement [ 24 ]. 
Moving the catheter in-and-out and twisting may be important to ensure proper col-
lection of any urinary residual in the bladder [ 25 ]. However, this is an invasive 
procedure that carries some risk of infection and is associated with some discomfort 
to the patient. Alternatively, portable ultrasound scanners with automated measure-
ment of bladder volume are non-invasive, more comfortable to the patient, and easy 
to use. They can be used with reasonable accuracy [ 26 ]. 
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 Based on the 4th International Consultation on Incontinence, ultrasound is the 
recommended means for measuring PVR as it is the least invasive and is suffi ciently 
accurate for clinical practice [ 6 ]. Several measurements should be considered due to 
intra-individual variability [ 6 ,  10 ,  24 ,  27 ]. The PVR reading should be performed as 
soon as possible after the patient voids to avoid erroneous readings. A delay in per-
formance of the test following a volitional void will result in additional urine 
 accumulation in the bladder which can result in an inaccurate PVR determination. 
Urine is added to the bladder at a rate of approximately, 1–14 mL/min [ 28 ]. 

 There is no standardization on what is considered a normal PVR. Some would 
argue that less than 50 mL is considered normal in adults [ 29 ] and others would 
consider the upper limit of normal to be 100 mL [ 28 ]. However, if the patient is 
asymptomatic then they may not need treatment even with PVR’s in excess of 
100 cc depending on the clinical situation and clinical judgment [ 30 ]. A consistently 
elevated PVR is an indication of possibly impaired detrusor contractility or 
 bladder outlet obstruction (or both) and such a fi nding warrants more in depth 
investigation.  

   Voiding Diary (Frequency–Volume Charts) 

 This is a simple non-invasive test to evaluate patients with LUTS and voiding dys-
function in his/her natural environment and during regular daily activities [ 31 ]. The 
diary evaluation consists of recording the time and volume of each void over 24 h. 
ICS considers a 24-h properly performed diary as a reasonable evaluation tool for 
clinical practices [ 32 ]. However, a diary for 3 days is preferred for proper assess-
ment and to avoid skewing of the data obtained by spurious behavior on a single day 
[ 32 ]. The diary does not need to be on consecutive days. It is important to note that 
simply performing the diary may alter the patients’ normal behavior. 

 A voiding diary (frequency–volume charts) should be considered as part of the 
initial evaluation of patients with LUTS especially those who have frequency and 
nocturia. The diary helps to establish a quantitative baseline for the symptoms such 
as frequency and urgency as well as voided volumes and subsequent diaries allow 
monitoring of sequential therapies over time [ 27 ]. Information obtained from a 
diary includes voiding frequency, nocturia, amount of urine voided in 24 h and over-
night, average voided volume, median functional bladder capacity, number and tim-
ing of incontinence episodes, and urgency. It is the only tool to diagnose polyuria 
[ 20 ] and nocturnal polyuria (Table  5.3  and  5.4 ). It is very important to stress to the 
patient that the diary should be performed on a regular ordinary day that represents 
their usual routine.

   It is very helpful to have the voiding diary prior to performing the multichannel 
UDS study. This will provide an estimate of the functional bladder capacity, which 
will allow the UDS to be customized with respect to fi lling rate and expected blad-
der capacity. Additional information can be acquired from the diary including the 
episodes of urgency and urine leakage that could be correlated to involuntary detru-
sor contractions (IDCs) on the UDS study. 
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 There are multiple voiding diaries available on different websites. Examples of 
websites containing diary examples include the Society of Urodynamics, Female 
Pelvic Medicine and Urogenital Reconstruction (SUFU) (  http://www.sufuorg.com/
docs/patient-resources/SUFU-voiding-diary.aspx    ), The National Institute of 
Diabetes and Digestive and Kidney Diseases (NIDDK) (  http://kidney.niddk.nih.
gov/kudiseases/pubs/diary/diary_508.pdf    ), and the International Urogynecological 
Association (IUGA) (  http://c.ymcdn.com/sites/www.iuga.org/resource/resmgr/bro-
chures/eng_bladderdiary.pdf    ). Table  5.5  is the diary used in our institution. 

     Pad Test 

 For patients with urinary incontinence, a pad test is an important tool for the detection 
and quantifi cation of urine loss over a set period of time. It is an objective test that can 
be performed by the patient and can help to quantitate urine leak. A properly done pad 
test will enable the physician to have a realistic idea about the severity of incontinence 
[ 33 ]. This also may aid to design and individualize the UDS study [ 4 ]. For example, 
in a patient with a complaint of urinary incontinence as well as incontinence noted on 
the voiding diary and pad test, every effort should be made to reproduce these symp-
toms during the UDS study. If a symptom is not reproduced initially during the study, 
then provocative maneuvers should be performed in order to elicit such a fi nding. 

   Table 5.4    Information can be obtained from voiding diary and defi nitions   

 Information obtained  Defi nitions 

 Diurnal frequency  Number of voids during the day (wakeful hours) 
 Nocturia  Number of times of voids interrupt the sleep and each void is 

preceded and followed by sleep 
 24-h urinary frequency  Number of diurnal frequency and nocturia 
 Maximum voided 
volume 

 Maximum voided volume recorded 

 Average voided volume  The sum of voided volume during 24 h divided by the number of voids 
 Small voided volumes  Suggest OAB or a pathology results in decrease of bladder volume 

such as infl ammatory process or contracted bladder 
 Median functional 
Bladder capacity 

 Median maximum voided urine in the 24-h activity 

 Polyuria  Excessive urine production resulting in increased urinary frequency. 
It is defi ned as increased urine production more than 40 mL/kg/day. 
Voiding diary will show increased urine output associated with 
increased frequency 

 Nocturnal urine volume  Total volume of urine voided after going to bed for sleeping including 
the fi rst morning void with intention of rising 

 Nocturnal polyuria  More than 20–33 % (depending on age) of total urine production is 
excreted at night 
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   Table 5.5    Voiding diary adopted in our institution              

 Ideally the pad test should be performed while the patient is performing everyday 
regular activity. Pad tests have been described for multiple lengths of time from 1 to 
24-h and 48-h up to 1 week [ 16 ]. The standardized 1-h pad test entails the patient 
drinks a volume of 500 mL of sodium-free fl uid over a short period of time and then 
engages in a standard set of maneuvers over a 1-h period [ 4 ]. The 1-h pad is then 
collected and weighed. The ICS 1-h pad test upper limit of normal is >1 g [ 4 ,  32 ]. 
A 24-h pad test is an alternative assessment which offers to be a more practical 
assessment of patient leakage [ 4 ,  33 ]. The normal upper limit for a 24-h pad test 
is 4 g [ 32 ].   
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   Investigations 

   Urinalysis 

 Urine should be tested on the day of the UDS study. If there is evidence of infection, 
then the UDS test should be postponed. If a patient has a history of repeated urinary 
tract infection or a high risk of infection, then the appropriate antibiotic coverage 
should be considered prior to the study [ 5 ,  34 ]. 

 Provided that the patient is asked to void prior to the start of the UDS study, a 
catheterized urine specimen at the start of the study as the UDS catheters are placed 
provides an assessment of PVR and a clean urine specimen for testing. Urine can be 
tested using dipsticks or microscopy. A urine culture is obtained if indicated [ 4 ,  15 ].  

   Urine Cytology 

 Cytological studies of urine may be indicated in some patients including those with 
a history of LUT tumors, or pronounced storage symptoms such as increased urinary 
frequency, urgency, and hematuria. [ 20 ]. In postmenopausal women with LUTS, the 
hormonal status may affect the vaginal wall and result in LUTS. In such cases, a 
lateral vaginal wall cytology smear may help to diagnose estrogen defi ciency [ 20 ].  

   Imaging 

 Upper urinary tract imaging is not recommended for patients with LUTS except in 
certain circumstances. The indications for upper tract imaging as recommended by 
the 4th International Consultation on Incontinence [ 6 ] include

    1.    Hematuria   
   2.    Neurogenic urinary incontinence   
   3.    Severe pelvic organ prolapse   
   4.    The presence of fl ank pain   
   5.    Questions about the possible presence of extra-urethral incontinence.   
   6.    Diagnosed low bladder compliance   
   7.    Children with UTI associated with incontinence    

     Antibiotic Prophylaxis 

 The risk of developing bacteruria after UDS testing in adults varies from 6.2 to 
13.9 % [ 35 ,  36 ] and the incidence of urinary tract infection following multichannel 
UDS evaluation is rare and varies from 2.1 to 6.9 % [ 37 – 39 ]. Antibiotic prophylaxis 
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helps to reduce bacteruria by 40 % but this is not refl ected by a reduced incidence 
of urinary tract infections [ 40 ]. Therefore, routine administration of antibiotic pro-
phylaxis is not recommended. However, it may be reasonable to use in patients with 
risk factors for bacteruira after UDS testing [ 41 ]. These risk factors include recur-
rent urinary tract infections, diabetes mellitus, neurogenic bladder, and recent his-
tory of urologic or urogynecologic surgery [ 35 ,  39 ].   

   Starting the UDS Study 

   Patient Positioning During the Study 

 Multichannel UDS studies may be performed in the seated, standing, or supine 
position. In performing multichannel UDS, one should consider conducting the 
study in the position in which the patient usually experiences their symptoms. For 
example the standing position would be the most likely position to reproduce the 
patient’s symptoms of SUI [ 4 ]. Al-Hayek et al. [ 42 ] in a meta-analysis found that 
detrusor overactivity (DO) is elicited at a higher incidence in the vertical position 
(standing or sitting) or when changing to a vertical position. Performing the study 
in a supine position would have missed diagnosing DO in 33–100 % of patients. 

 The International Urogynecological Association (IUGA)/International 
Continence Society (ICS) joint report recommends performing the UDS study in the 
sitting position as this will be more provocative to uncover DO than the supine posi-
tion. They also recommended performing the study at some point with the patient in 
the standing position [ 20 ]. During voiding, the patients should be placed in the usual 
position that they assume while voiding to simulate ordinary circumstances [ 18 ]. 
Changes in the patient’s posture during the study should also be noted as this will 
result in artifacts which should be accounted for during interpretation [ 4 ,  18 ].  

   Filling the Bladder 

   Filling Rate 

 Bladder fi lling can be performed using either single lumen catheters or dual lumen 
catheters. Single lumen catheters may provide a larger caliber lumen for fi lling. 
However, such a technique will require insertion of an additional catheter for measur-
ing pressure inside the bladder. Two catheters in the urethra may increase the proba-
bility of occluding the urethra and masking some of the UDS fi ndings especially SUI 
[ 4 ]. Dual lumen catheters are recommended by the International Continence Society 
(ICS) to perform the dual functions of bladder fi lling and simultaneous recording of 
intravesical pressure. It is recommended to use the smallest catheter that:

    1.    Allows an adequate rate of fi lling.   
   2.    Does not compromise voiding and cause artifact (false obstruction or mask SUI)   
   3.    Does not affect pressure transmission    
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  Filling rates are variable and can be  slow  (10 mL/min),  medium  (10–100 mL/min), 
or  fast  (>100 mL/min). A medium fi lling rate is most suitable for most patients. 
However, faster rates are used as provocative maneuvers to elicit detrusor overactivity 
(DO) in patients with OAB symptoms. The physiologic rate of fi lling can be calcu-
lated at a rate less than 1/4 of the total body weight in mL/min [ 43 ]. At this rate of 
fi lling the pressure–volume curve continues to be fl at and detrusor pressure changes 
are related to volume rather than rate [ 43 ].  

   Type of Filling Medium 

 Fluid medium is preferred over gas and is recommended by ICS for fi lling [ 28 ]. 
Sterile water, normal saline, or contrast medium can be used for fi lling [ 4 ,  28 ]. Care 
should be taken to avoid changing between fl uids during the study as calibration 
will be affected and will result in inaccurate fi lling volumes. Gas (CO2) has been 
used as a fi lling medium [ 44 ], however it does not have the same density as fl uid 
medium. Thus it does not mimic urine which is fl uid in nature. Finally, fl uid allows 
for assessment of urofl ow during voiding which is not possible with gas.  

   Temperature of the Medium 

 Ideally, the temperature of the fi lling solution should be compatible with body tem-
perature. However, in practice this is often diffi cult. Infusing fl uid at room tempera-
ture is appropriate in this setting. On the other hand, cold fl uid should be avoided as 
this can activate aberrant neural pathways and refl exes which may precipitate clini-
cally insignifi cant IDCs and bladder sensations [ 4 ].   

   Interpretation of UDS Study 

 Physicians must interpret UDS results in the context of the general assessment of 
the patient. Interpretation of UDS results should be integrated with and complement 
all the available information obtained from a complete history, neuro-urological 
examination, voiding diaries, pad tests, and other work-up deemed clinically rele-
vant. Interpreting a UDS study result out of the context of the clinical scenario could 
be misleading [ 10 ]. 

 Analysis of the UDS test should include not only a full evaluation of the actual 
graph and images, but also should incorporate observations made during the study 
[ 13 ,  14 ]. If the physician is not performing the study by himself/herself, such infor-
mation should be communicated to the physician by the technician performing the 
study. These observations should refl ect any patient behaviors and activities during 
the study. Any alterations on the graph associated with changes in position, talking, 
voiding, or pushing to void should be noted and recorded. If these artifacts are not 
properly labeled and pointed out on the graph, they can be misread and can result in 
inappropriate and misleading conclusions. 
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 Another important point is that during interpretation, the physician should 
acknowledge that UDS testing is performed while the patient is in an awkward situ-
ation. This is associated with minimal to moderate degrees of anxiety, discomfort, 
and embarrassment which could result in artifacts during the study [ 45 ].  

   Challenges Facing the Physician During UDS Interpretation 

 To obtain a meaningful interpretation of the UDS fi ndings, the physician should 
always recognize the presence of multiple challenges during testing. One should 
think about factors that can affect the outcome of the study. Such factors should be 
accounted for while performing and interpreting the UDS study [ 18 ]. These factors 
can be related to place, patient, and/or practitioner.

    1.     Place of the study : It is not always easy to create a suitable and natural environ-
ment for the patient during the study, which is by nature an uncomfortable and 
unnatural situation for the patient. The patient is being exposed in front of strang-
ers and is asked to void, an inherently private bodily function, in front of others, 
which could be extremely sensitive and could alter their natural behavior leading 
to potentially abnormal and clinically irrelevant fi ndings [ 18 ]. In addition the 
anxiety produced by this situation can result in an aberrant reaction of the patient 
resulting in “Shy bladder syndrome” or psychogenic inhibition of voiding, which 
is associated with social anxiety. [ 46 ].   

   2.     Patient factors: 

   a.     Position of the patient : Patients are positioned during the study as dictated by 
the study scenario. However, this is often different from the position wherein 
the patient ordinarily experiences urinary symptoms. Different positions are 
associated with pressure changes within the bladder and can alter the bladder 
behavior unexpectedly during the study. In the setting where the patients 
symptoms are not reproduced during the UDS study initially, one should con-
sider asking the patient about their position when they usually experience 
their symptoms and repeat the study in that position.   

  b.     Tubes  ( urethral catheter and rectal transducer ): Catheters that are used dur-
ing the multichannel UDS study include, most often, one urethral and the 
other rectal. Although they are small in diameter they can be painful and both-
ersome to the patient. Pain may result in external sphincter spasm as well as 
inhibit the micturition refl ex. These effects can result in an artifactual inability 
to void during the study due to pain, as well as changes in urine fl ow [ 47 ] and 
mask stress urinary incontinence [ 9 ].   

  c.     Filling the bladder : The solution utilized to fi ll the bladder is not urine and 
 therefore the study is performed with a medium that is non-physiologic in com-
position, fi lled at a non-physiologic rate, and most often at a non-physiologic 
temperature (room temperature). These factors can affect bladder sensation and 
response during fi lling [ 18 ]. If the patient is showing unexpected fi ndings, these 
factors should be considered as potential sources for artifact or aberrant fi ndings.    
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      3.     Practitioner interpreting the results : [ 48 ,  49 ] Identifying artifacts is critical in 
interpreting multichannel UDS studies accurately. It is imperative to stress the 
importance of accurately and appropriately labeling events on UDS tracings. 
Reviewing the UDS tracing and numbers recorded during testing is an important 
part of interpretation and one should not depend on the computer analysis only 
to detect artifacts that could occur during the study [ 10 ]. It should be kept in 
mind also while performing the study and during interpretation that the study 
represents only a momentary glimpse of the patients normal voiding habits and 
does not refl ect the long-term and variable patterns often seen over time in any 
given individual.    

      Conclusion 

 UDS are an important tool in the evaluation of patients with LUTS and voiding 
dysfunction. UDS provides an objective evaluation of the patient’s presenting LUTS 
which are often “unreliable” in predicting the underlying urodynamic and physio-
logic fi ndings. UDS are often aimed at the characterization of LUT dysfunction, and 
assessing risk factors that can lead to kidney deterioration. UDS testing also may 
help to assess the possible outcomes of expected treatment and possible causes of 
previous treatment failures. However, the UDS studies do not replace an adequate 
work-up including proper history, physical examination, and other appropriate tests. 

 Reliable UDS results depend on the proper design, performance, and  interpretation 
of the study. Patient counseling may help prevent or minimize problems that may 
arise during the study. Setting up a proper environment and having well-trained and 
experienced personnel is paramount for an optimal study. Excellent communication 
between the nurse or technician who is performing the study, and the patient, as well 
as the physician interpreting the study helps to minimize artifacts during interpreta-
tion. It is important to understand that UDS should be utilized and interpreted within 
the context of the patient’s entire clinical picture and should not be isolated from the 
rest of the evaluation process.     
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    Chapter 6   
 Artifact Recognition and Solutions 
in Urodynamics 

             Ross     Rames       and     Lara     S.     MacLachlan     

           Introduction 

 Properly performed urodynamics can be an invaluable tool for those charged with 
the task of caring for patients with complex voiding dysfunction. By capturing spe-
cifi c information regarding a patient’s bladder function, these studies can clarify the 
clinical picture and uncover unexpected issues. The ultimate goal is to use this 
information to render more effective treatment and relief of symptoms. 

 Artifacts are observations or fi ndings occurring during urodynamic studies that 
are not naturally present in the patient’s normal micturition process, and are the 
result of the study itself. They can arise from technical problems with catheters, 
electrodes, transducers, or other electrical equipment. The unnatural conditions of 
the urodynamic experience can create problems: the consistency, temperature, and 
rate of infusion of fl uid fi lling the bladder; the presence of a catheter occupying 
space in the urethral and bowel lumen; and the socially uncomfortable predicament 
of genital exposure and bladder fi lling, followed by voiding in an environment that 
does not approximate a normal situation in a person’s daily routine. When artifacts 
are present they can obscure the information that is sought. When unrecognized and 
uncorrected, they may lead to a missed diagnosis, or a misdiagnosis, and result in 
inappropriate, less effective, or potentially harmful treatment plans. 
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 This chapter will review some of the more common artifacts one may encounter 
during the performance of urodynamic studies. We will explore the causes of these 
artifacts and what can be done to mitigate the problems. These technical problems 
are common, at times frustrating, and possibly overlooked or misinterpreted. It is 
for this reason that urodynamics should be performed and/or supervised closely by 
qualifi ed personnel. One should be cautious about accepting the interpretation of 
studies without a thorough personal review of the actual tracing and any radio-
graphic observations.  

    Urodynamic Catheters 

 Catheters used for urodynamic studies have two purposes. The fi rst is the measure-
ment of pressures within a body cavity. The second, in the case of the bladder cath-
eter, is the instillation of fl uid, typically saline or a radiographic contrast agent, in 
order to simulate physiologic bladder fi lling. This allows a glimpse into the nor-
mally unseen world of bladder fi lling and storage function, and its continence mech-
anisms, followed by bladder emptying where detrusor contractility and the status of 
the bladder outlet are investigated. 

 Currently two types of systems are in common use; fl uid charged and air charged. 
Other systems are available utilizing microtransducer and fi beroptic catheters. Due 
to practical limitations such as expense, fragility, and the need for sterilization and 
reuse, these are not often employed clinically. 

 Water charged catheters transmit pressure from within a body cavity through a 
continuous fl uid medium in the lumen of the catheter to a transducer. The transducer 
converts pressure changes to electrical signals, which are then recorded. This sys-
tem depends on an uninterrupted course of fl uid for pressure transmission. As such, 
careful calibration is necessary and technical problems may create artifacts during 
the study. Common among these would be gas bubbles or kinks in the lines that 
attenuate pressure changes, and alterations in patient position that could shift pres-
sure readings. 

 Fluid fi lled systems are unidirectional, depending on open exposure of the cath-
eter port to the lumen of the body cavity. Occlusion of this port by contact with the 
wall or debris within the bladder could alter transmission of pressure to the 
transducer. 

 Air-charged catheters transmit pressure changes via a small circumferentially 
positioned balloon through the catheter lumen to an external transducer. In contrast 
to the unidirectional fl uid charged catheter, the sensing membrane of the balloon 
allows detection of pressure in an omnidirectional manner. This characteristic 
makes contact with debris or the bladder wall less likely to impair pressure trans-
mission (Fig.  6.1 ). Additionally, since air is a nearly weightless transmission 
medium, changes in patient position are less likely to create problematic artifacts 
such as a shift in baseline pressure. Comparisons of readings obtained from the vari-
ous systems (air-charged catheters, water-fi lled catheters, microtip transducers) 
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have been shown to quantitatively differ [ 1 ,  2 ]. In addition there appears to be wide 
variations in the differences between readings produced by the different catheter 
systems. The clinical signifi cance of this is unknown.

   Several parameters are measured during complex cystometry, and all are poten-
tial sources of artifacts. 

    Pves 

    This is measured via a catheter that is typically inserted per urethra into the bladder 
and used to infuse fl uid into and measure pressure within the bladder during the 
urodynamic study. The catheter is typically of relatively small diameter, approxi-
mately 7 F, to minimize obstruction of the bladder outlet during the voiding phase 
of the study.  

    Pabd 

 This parameter is measured by a catheter that lacks an infusion port and is typically 
inserted into the rectum to measure abdominal pressures via a fl uid fi lled or air- 
charged balloon. Some practitioners prefer to insert this into the upper vaginal vault 
to capture abdominal pressure readings. The International Continence Society 

  Fig. 6.1     Top : Water charged 
catheter with appropriate 
orientation of catheter. 
Lumen transmits pressure to 
the transducer.  Middle : 
Occlusion of the catheter 
lumen by urothelium 
precludes pressure 
transmission.  Bottom : 
Air-charged catheter is 
omnidirectional, transmitting 
pressure regardless of the 
balloon orientation with the 
bladder sidewall       
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recommends use of a rectal balloon catheter with the balloon only fi lled to 10–20 % 
of its unstretched capacity [ 3 ]. This can help prevent pressure artifacts arising from 
contact between the catheter opening and the cavity wall. The Pabd catheter mea-
sures the total abdominal pressure including that due to intra-abdominal contents.  

    Pdet 

 This represents the intrinsic pressure generated by the detrusor, determined by sub-
tracting Pabd from Pves. This value refl ects static pressure from the compliance of 
the bladder wall and contractions of the detrusor muscle.  

    EMG 

 Along with pressure readings recorded over time, the electrical activity of the peri-
neal musculature is recorded as a part of most pressure-fl ow urodynamic studies. 
This electromyographic, or EMG, portion of the study allows the examiner an 
insight into the activity of the pelvic fl oor and striated sphincter during the fi lling 
and voiding phases of micturition. While needle electrodes might give a more accu-
rate representation of muscle activity, they are impractical due to invasiveness and 
patient discomfort. As a rule, patch electrodes are positioned over the perineum to 
record EMG activity. These surface electrodes are noninvasive, rarely cause any 
discomfort for the patient, but do introduce sources of artifact.  

    Urofl owmetry and Voided Volume 

 Gravimetric urofl ow machines utilize a load cell, essentially a scale, or a hydrostatic 
transducer to record the weight of voided fl uid over time and in total. A second type 
of system utilizes a spinning disc rotated at a constant rate. Flow rates are deter-
mined by measuring the increased electrical energy required to maintain the con-
stant rotational velocity of the disc as it is slowed by contact with the voided fl uid.  

    Filling Rate 

 The rate of fi lling is usually standardized for each lab. A typical medium fi lling rate 
for an adult is around 50–70 mL per minute. Rates for pediatric patients may be 
based on age and estimated bladder capacity.   
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    Potential Sources of Study Artifacts: Recognition 
and Trouble-Shooting 

    Infusion 

 Typical “medium” and “high” fi lling rates are usually much higher than what would 
be considered physiologic, and can lead to changes in bladder behavior manifested 
by increases in detrusor pressure and sensory sensitivity. 

    Solutions 

 When infusion at a standard rate triggers immediate increases in detrusor pressure 
either due to decreased compliance or detrusor overactivity, a reduction in the fi lling 
rate may allow the bladder to accommodate a larger volume. The goal should be to 
attain a fi lling volume similar to typical voiding volumes seen in the patient’s void-
ing diary. At times the infusion rate may be adjusted based on the capacity and 
irritability of the individual’s bladder. For instance, when fi lling a very capacious 
low-pressure bladder, one may choose to increase infusion to a rapid rate of 100 mL 
per minute in order to expedite completion of the study.   

    Mismatch of Signals 

 One of the more common artifacts seen during performance of urodynamic studies 
is mismatch of signals. During voluntary abdominal straining or cough maneuvers, 
both Pves and Pabd should demonstrate nearly mirror-image increases in pressure. 
If the Pves and Pabd readings do not track each other (Fig.  6.2 ) the examiner should 
be alerted that the pressures read by the transducers may not accurately refl ect those 
within the bladder or the abdomen.

   One of the more common issues seen with mismatch of signal is catheter mis-
placement and resultant dampening of the signal from the transducer. A common 
fi nding encountered is the placement of the catheter tip against or within a fold of 
the wall of the bladder. In such a situation, the sensor port or balloon is not exposed 
to the lumen and therefore will not accurately transmit the lumen pressure. As the 
bladder fi lls, distention of the bladder wall may expose the tip of the catheter, sud-
denly revealing a different pressure or a dramatic change in the sensitivity to varia-
tions in pressure. 

 Stool in the rectal vault may impact readings from the Pabd catheter. This is a 
common issue in the population undergoing urodynamics due to the prevalence of 
constipation. Fecal material engulfi ng the tip of the Pabd catheter may cause consid-
erable signal dampening and thus prevent accurate pressure measurements. 

6 Artifact Recognition and Solutions in Urodynamics



80

 Likewise, air bubbles or kinks in the tubing, incorrectly positioned stopcocks in 
the lines of water-fi lled systems, or failure to charge an air-charged catheter may 
dampen or obscure the transmission of pressures. At times one may observe decreas-
ing pressures, along with mismatch, raising the possibility of a poor connection and 
resultant leak somewhere in the system. Observing a gradual increase in resting 
pressures may suggest migration of a catheter into the region of the urethral or anal 
sphincter. Should continued catheter migration occur beyond the sphincter, resting 
pressure may decrease accompanied by pressure transmission attenuation. Rarely 
one may encounter a catheter with a defect rendering it unusable for a study. 

    Solutions 

 Signal transduction should always be confi rmed at the start of the pressure-fl ow 
urodynamic study by observing symmetric changes in Pves and Pabd with a cough 
or Valsalva maneuver. Observation of signal mismatch should be followed by a 
systematic investigation of its cause, correction, and resumption of the study. A 
thorough check of the tubing, connections, stopcocks, and transducers may reveal 
the source of the artifact. Air within a line or transducer of a water charged system, 
or a partially closed stopcock or a loose connection point can drastically alter and 
dampen transmission of pressure changes. Flushing out the water-fi lled system and 
placing all stopcocks fully in the appropriate positions should remedy the situation. 
Assure tight connections between the catheters and lines, and that the tubing is 

  Fig. 6.2    Signal mismatch. The Pabd catheter stops transducing ( red arrow ) and a cough maneuver 
demonstrates brisk pressure increases in Pves, but not in Pabd ( black arrow ). The Pabd issue is 
corrected, and repeat cough maneuver demonstrates mirrored pressure increases in Pves and Pabd 
( green arrow )       
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connected to the correct port of the catheter. Double check that the air-charged cath-
eter is in the charged position. 

 Once the tubing and connections have been checked, the investigator should con-
sider problems with the position of the catheter. Visual inspection may reveal a 
catheter that has clearly migrated out of position. If utilizing radiography during the 
study, this may be an adjunct to establishing catheter position. Excessive advance-
ment of catheters may result in kinking and subsequent obstruction and dampening 
of pressure transduction. Correction of these issues may be accomplished by gently 
changing the position of the catheter while monitoring the pressure reading during 
cough and strain maneuvers. The catheter should be secured when appropriate read-
ings are obtained. The infusion of a small amount of fl uid into the bladder may make 
it easier to attain an interface between the catheter tip and intravesical fl uid. 

 Mismatch caused by advancing the Pabd catheter into a fecal bolus or within a 
fold in the rectal wall may be remedied by repositioning or fecal evacuation. Asking 
the patient to attempt to have a bowel movement prior to the study may prevent 
issues with stool in the rectal vault. Patients on a bowel regimen can time their treat-
ments in order to enter the urodynamics laboratory with an empty rectum. 
Occasionally more aggressive interventions, such as enemas, laxatives, and manual 
disimpaction are required. 

 If all investigations and repositioning attempts are unsuccessful, consideration 
should be given to replacement of the malfunctioning catheter.   

    Pabd/Pves Drift 

 On occasion pressure readings will begin to shift, or “drift,” after zeroing as the 
study ensues. This results in an inaccurate calculation of detrusor pressure (Pdet). 

 Changes in the pressure within the rectum caused by peristalsis may also cause 
shifts in Pabd (Fig.  6.3 ). If the lead was zeroed during a period of increased tone, 
subsequent relaxation during the study will cause a decrease in Pabd and a corre-
sponding increase in the Pdet reading that does not refl ect a true increase in bladder 
pressure. If Pabd is zeroed at low rectal pressure, a peristaltic increase in rectal pres-
sure during the study results in increased Pabd readings with corresponding spuri-
ous decrease in Pdet. Pdet pressure readings therefore may even be defl ected into 
the negative range, which is not physiologically possible.

   Connection problems or changes in position of the Pves catheter can cause drifts 
in the Pves pressure readings. As noted previously, Pves drift may occur when the 
tip of the Pves catheter is initially against the bladder wall and obscured. As the 
bladder fi lls, the sensing portion of the Pves catheter becomes exposed to the lumen 
resulting in a shift in baseline pressure that may be gradual or dramatic. 

 During voiding, a decrease in Pabd pressure that is not present in Pves may be 
seen in approximately 5 % of studies [ 4 ]. Pabd readings falling below resting pres-
sure will cause a false increase in Pdet, potentially giving the artifactual appearance 
of adequate contractility (when it is not present) or even a diagnosis of bladder 
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outlet obstruction. Although the mechanism involved is not well defi ned, this may 
be caused by relaxation of the pelvic fl oor. Thus, it is necessary to do a careful 
examination of all traces emanating from all channels during the voiding portion of 
the study to avoid misinterpretation. 

    Solutions 

 Filling should be stopped and the patient should be queried about any change in 
sensation, such as an urge to void, passing of fl atus, or urgency to have a bowel 
movement. This should be noted on the tracing. The examiner should compare the 
Pves to Pdet channel. Observations of increases or decreases in Pdet not associated 
with a corresponding change in Pves are likely from Pabd “drift.” Pressures should 
be observed for a period of time. Quite often the rectal peristaltic wave will subside, 
pressure readings will return to baseline, and the study may be resumed. Persistent 
rectal peristaltic waves may simply have to be carefully taken into account during 
interpretation of the study. 

 The catheters should be checked to confi rm appropriate positioning and connec-
tions. Dislodged catheters may enter the bladder neck or sphincter, with resultant 
alterations in pressure. If the examiner determines the pressure reading change is 
due to alterations in the catheter position, they should be repositioned appropriately. 
Pabd and Pves may then be re-zeroed if necessary when pressures are at baseline 
and the study completed.   

  Fig. 6.3    Pabd drift. Rectal contraction ( red arrows ) with resultant artifactual negative defl ection 
of Pdet. Note that Pves remains relatively constant and is not the source of changes in the pressure 
readings of Pdet       
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    EMG Trouble-shooting 

 Extraneous electrical activity due to a malfunction in the CMG machine or leads 
may appear as muscle activity on the EMG. It is not uncommon for an electrode to 
become wet during a study, or for a patch to lose adherence to the perineal skin. This 
will result in abnormal activity similar to that demonstrated in Fig.  6.4 . This issue 
occurs more commonly in women due to proximity of the urethral meatus to the 
patch electrodes in the perineum.

   While this artifact is less common in men, it may be encountered. Excess hair, 
moist skin, or topical agents such as moisturizers or barrier creams at the electrode 
application site may lead to poor adherence and abnormal EMG tracings. 

 Similarly, patient movement or abdominal straining may result in increased EMG 
activity. This can be confusing, particularly when one of the objectives of the study 
is to evaluate the patient for detrusor external sphincter dyssynergia. Patients should 
be carefully observed for movement and straining throughout the study and it should 
be noted on the tracing. Straining during voiding is quite common and may result in 
a fl are of the EMG tracing as seen in Fig.  6.5 . This straining pattern is typically 
marked by an increase in the EMG activity and the pressure in Pabd and Pves. When 
observed, the patient should be queried if this represents their usual voiding pattern.

   Patients undergoing urodynamic evaluation often have complex voiding dys-
function, and may have undergone prior surgical interventions. Neuromodulation 
therapy, as well as other implanted electrical devices, may produce a distinctive 
regular pattern on EMG, demonstrated in Fig.  6.6 .

  Fig. 6.4    EMG artifact. All of the EMG leads lose contact and stop transducing during the study 
( red arrow ). Loss of contact of one of the EMG leads causes fl aring not associated with perineal 
muscular activity ( green arrows )       
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      Solutions 

 EMG patches with shielded cables are preferable to patches with unshielded wires 
because they avoid potential artifacts when exposed to urinary fl ow or environmen-
tal noise [ 5 ]. The application of an occlusive dressing or tape may help solve the 
problem of dislodged EMG leads. Clipping or shaving excess hair and the removal 
of topical barrier protectants with a cleanser may be necessary to maintain adequate 
electrode adherence. Alcohol-based cleansers should be avoided because they para-
doxically increase impedance to the EMG signal [ 5 ]. History and examination 
should reveal the presence of an implanted pulse generator. If a regular pulsed pat-
tern is noted on the EMG tracing, sacral neuromodulation may be temporarily 
stopped to confi rm and eliminate this source of potential artifact.   

    Psychogenic Inhibition 

 Perhaps one of the most common issues encountered in the urodynamics lab is the 
inability to void normally during the study. This may be a new issue for the patient, 
or they may relate a long history of “bashful bladder” with diffi culty using public 

  Fig. 6.5    EMG fl ares as patient strains during voiding attempt       
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restrooms, or changes in voiding habits associated with stressful situations such as 
travel or medical visits. 

 When a patient is unable to void during an urodynamic study, the examiner is 
unable to defi nitively determine if the patient has poor detrusor contractility, blad-
der outlet obstruction, vesicoureteral refl ux, or any other voiding dysfunction. 
Psychogenic inhibition has no specifi c diagnostic meaning, and patients who are 
unable to void may have a variety of fi ndings when monitored with ambulatory 
urodynamics such as concomitant non-relaxation of the urinary sphincter or pelvic 
fl oor, bladder outlet obstruction, or normal voiding patterns [ 6 – 8 ]. Most patients 
who are unable to void during a clinical UDS study are able to mount a detrusor 
contraction during voiding attempts on ambulatory urodynamics during normal 
daily life activities [ 6 ,  8 ]. 

  Fig. 6.6    Regular pulsed pattern noted on the EMG with its likely source an implanted pulse 
 generator, seen on fl uoroscopy inset       
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    Solutions 

 Privacy screens, limiting personnel present, and avoiding unnecessary traffi c in the 
urodynamics lab may help the patient feel more relaxed. Using a “white noise” 
generator or playing relaxing music may cover background clinic sounds and create 
an environment more conducive to voiding. Running water in the sink and bathing 
the patient’s hands in warm water may help initiate micturition. At times leaving the 
exam area and monitoring the study remotely, or returning only after the patient has 
begun voiding, may be enough to capture the sought after information [ 9 ].   

    Common Urofl owmetry Artifacts 

 Several commonly seen urofl ow issues should be recognized and corrected during 
the performance of urodynamic studies. Inadvertent contact or bumping of the uro-
fl ow collection receptacle can cause a spike in the urofl ow reading, and subsequent 
misreporting of urinary fl ow rates and voided volumes (Fig.  6.7 ).

   A second common source of urofl ow artifact results when the urine stream 
“misses” and is not captured on the study. The fl ow of urine may arc over the cap-
ture funnel, or track down tubing outside of the fl ow capture zone. In women, voided 
urine may refl ux up into the vagina or seep back down along the drapes and avoid 
capture on urofl owmetry. 

 A fl ow artifact most typically seen with male subjects presents with alternating 
increases and decreases in the fl ow rate caused by pinching and occluding, and then 
releasing the urethra. A second, perhaps more common cause of this fl ow pattern 
has been described as “waggling” or “cruising,” and is the result of the urinary 

  Fig. 6.7    Bumping the urofl ow. The urofl owmeter is inadvertently bumped at the beginning of the study. 
This artifact may alter fl ow ( red arrow ) and volume ( black arrow ) measurements if not corrected       
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stream being directed up and down the side of the collection funnel. As the stream 
is directed toward the upper portion of the funnel, the transit time down to the col-
lection and measurement device increases and results in an apparent and false 
decrease in fl ow rate. Movement of the stream impact point toward the center of the 
funnel has the opposite effect [ 10 ]. See Fig.  6.8 .

  Fig. 6.8    Cruising/waggling urofl ow ( a ) Urofl owmetry with stream directed at a single site on the 
collection funnel. ( b ) Urofl owmetry demonstrates the “cruising” or “waggling” pattern when an 
identical fl ow and volume are directed up and down the collection funnel       
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      Solutions 

 Should an inadvertent “bump” of the urofl owmeter occur, the examiner should note 
this on the tracing, and manually mark initiation of fl ow, peak fl ow as well as the 
termination of voiding. Alternatively, during the study, one may re-zero the fl ow and 
voided volume portion of the study. 

 Complete capture of the urine stream can be enhanced by the use of wide collec-
tion funnels, draping the tubing into the funnel and improvised defl ection screens to 
channel urine fl ow to the collection unit. Capture devices create a slight delay in the 
recording of urine fl ow as the urine works its way down to its intended destination. 
While this delay is not usually clinically signifi cant, the examiner may wish to mark 
the exact time that urine fl ow begins during the study. 

 Patients should be directed to refrain from manually occluding their urethras, 
and to direct their streams to a single spot on the collection funnel to avoid the 
“waggling” or “cruising” artifact.   

    Fixed Restrictions 

 Lesions such as urethral strictures and bladder neck contractures may create annular 
restrictions in the normally distensible urinary outlet. Here the presence of the small 
diameter Pves catheter can create obstruction, decrease urinary fl ow rates, and 
increase voiding pressures. What appears to be a signifi cant obstruction, may in fact 
be an artifact, and not refl ecting the true status of the urinary outlet in the absence 
of the urodynamics catheter [ 9 ]. 

    Solutions 

 Urofl owmetry performed prior to placement of Pves should be used as a baseline. 
When signifi cantly different from the observed pressure-fl ow study, further investi-
gation should be considered. Cystoscopy or urography may reveal the underlying 
source of this fi nding, such as a fi xed obstruction.   

    Infusion Errors 

 Pumps used to infuse fl uid into the bladder may employ various mechanisms. One 
common form is the use of a roller to sequentially compress a malleable portion of 
tubing to move the infusing fl uid along in a calibrated fashion. Trouble may arise 
from errors in calibration, obstruction of tubing, incorrect placement of tubing 
within the infusion pump, or leaks in the tubing. 
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    Solutions 

 Calibration according to manufacturer’s recommendations should be performed 
regularly and when a problem is suspected. During the study, visual monitoring 
should confi rm that infusion is occurring by observing the drip chamber. Clamped, 
kinked, or reversed tubing in the pump can result in impeded fl ow or even with-
drawal of fl uid from the bladder. A visual inspection of the entire length of tubing 
will often reveal the issue. 

 During the study the examiner should monitor the markings on the bottle or bag 
of infusing fl uid to confi rm that the volumes approximate the readings recorded on 
the CMG tracing. Finally, a direct measure of the voided volume in the collection 
beaker should be compared to the infused volume on the study. Lack of concor-
dance may indicate missed fl ow, the need for calibration, or other issues such as 
diuresis or post-void residual urine.    

    Conclusions 

 Complex urodynamics are, by their nature, prone to signifi cant artifacts owing to 
the diffi cult task of examining a human subject using invasive, sophisticated, and 
complicated equipment. Erroneous input can be entered at multiple points, and the 
readings obtained on the CMG can also be adversely impacted by technical and 
human factors. The key to obtaining accurate and informative studies lies fi rst in the 
performance of the study, and then in the careful interpretation. Artifacts detected 
during the performance of the examination can often be corrected prior to the com-
pletion of the study. Those recognized after completion can be taken into account in 
order to arrive at more meaningful conclusions. In some cases the investigator may 
conclude that the study should be repeated. All of these efforts are necessary to 
afford our patients the best possible treatment and outcomes.     
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    Chapter 7   
 Optimizing the Study 

             Lynette     E.     Franklin     

        Comprehensive guidelines for good urodynamic practices have been developed and 
reviewed by experts within the International Continence Society [ 1 ]. These expert 
guidelines are best translated into a clinically effective study when combined with 
practical clinical knowledge that helps identify and resolve any barriers to perform-
ing a high quality study. Pressure-fl ow urodynamics are, in general, a nonphysiologi-
cal test: the study involves rapid fi lling, with room temperature fl uid, which is NOT 
urine, conducted in a clinical setting without privacy. Advance planning and real time 
trouble-shooting of issues such as patient factors, laboratory environment, and other 
challenges in performing this test can improve the patient experience and clinical 
utility, as well as the resultant treatment outcomes of urodynamics. This chapter will 
outline some methods to optimize this study under these diffi cult conditions. 

    Patient Factors Prior to the Start of the Study 

 Ultimately, the clinician conducting the test needs to be able to fulfi ll the aim of the 
study, which is to reproduce the symptoms or assess the lower urinary tract condi-
tion that the patient experiences outside the clinic, and to accomplish these goals in 
an artifi cial laboratory setting. Appropriate clinical questions must be asked prior 
to, during, and at the completion of the study to direct effective performance of the 
study. Complete assessment of the patient’s chief complaint and other signs and 
symptoms are gathered by oral report, physical exam, pad test, and voiding and/or 
catheterization diaries. A thorough understanding of the patient’s clinical condition 
will allow comparison of pre-study fi ndings with those demonstrated during the 
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urodynamic examination, which will allow the practitioner to gauge the reliability 
of the study data and to help guide the reproduction of key symptoms. 

 Patient factors such as embarrassment, anxiety, and pain must be carefully con-
sidered. Pressure-fl ow urodynamics are invasive studies that are done with a lack of 
privacy, however the expectation is to reproduce functions that are not typically a 
public occurrence. An initial discussion with the patient about the study and its 
expectations may overcome one of the fi rst obstacles to eliciting good results by 
establishing open communication and stating the basics of the test. Simply identify-
ing that this is an anxiety producing situation may be benefi cial. Additionally, con-
sideration of alternative therapies to reduce anxiety may be benefi cial to the study 
outcomes. One such intervention might be playing appropriate, low level music, or 
attention to patient gowning in the laboratory. One study has shown that simple mea-
sures such as music or attention to gowning may signifi cantly reduce anxiety during 
gynecologic exams. Considering that the gynecological exam is an experience in 
some ways similar to that of urodynamics, such measures, or other comforting mea-
sures, may translate into reducing anxiety in the urodynamic laboratory as well [ 2 ].  

    Improving Diagnostic Utility 

    Room Preparation 

    It is important to prepare an urodynamic room that will provide a setting that conveys 
privacy, warmth, and economy of movement to the best possible extent. The exam 
room area should include a private changing space as well as toileting facilities. An 
ergonomic design facilitates patient movement, especially for those with mobility limi-
tations, which are common in the patient population undergoing urodynamic studies. 

 Urodynamics are often performed in individuals with signifi cant mobility limita-
tions. Because of this fact, consideration should be given for adequate space in the 
room to accommodate the transfer of the patient who is dependent on a wheelchair, 
scooter, or stretcher such that a minimum of movement of the urodynamic and radi-
ology equipment will be needed to position the patient and perform the study. This 
care will help ensure dignity to the patient who is unable to move independently 
while decreasing the potential for damage to the urodynamics equipment. In addi-
tion, patient transfer lifts, boards and slides should be readily available, and the staff 
should be well trained in the mechanics needed to provide safe and effi cient patient 
movement and positioning in the urodynamics room. Training with a physical thera-
pist, practice demonstrations, and competency testing will ensure that the staff have 
confi dence in their skills with dependent patient transfer. 

 Strategically placed curtains at door entrances help to provide a room that is more 
private and secure. The room should be set up so that supplies are easily  available 
throughout the study without the need to leave the patient unattended. Surplus sup-
plies can be housed in fi xed cupboards or shelving in the room, but routine testing 
supplies and extras should be available on a rolling cart within close proximity to the 
exam table, which will assist in timely preparation of the patient for the study. 
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 Room temperature should be ambient, as beyond fi rst consideration of patient 
comfort, excessively cold temperature may suppress the ability to void. The tem-
perature should be a balance between enough warmth for the minimally clothed 
patient while maintaining an environment cool enough for the proper function and 
maintenance of the mechanical equipment needed for urodynamic testing. Checking 
with the manufacturer of the urodynamic and radiology equipment for ideal opera-
tional temperatures is advised. 

 A well stocked urodynamics room includes a variety of adjunctive supplies nec-
essary for a well done, expedient, and effi cient study. Such supplies include the 
following. (1) A pessary fi tting kit that will aid in reduction of pelvic organ prolapse 
(POP), (2) Penile clamps and urethral plugs for patients who have intractable stress 
urinary incontinence (SUI) such that an assessment of bladder capacity can be 
made. (3) Various tape selections to help secure tubes while providing for patients 
who may have adhesive allergies. (4) Ostomy supplies for intubation of ostomy 
pouches, and ability to change the appliance if needed. (5) A variety of catheters 
(see later discussion). (6) Lubrication supplies. (7) Sterile catheterization kits. (8) 
Drapes. (9) Extra UDS transducers, EMG pads, and leads, etc.  

    Reproduction of Symptoms 

 Education regarding the performance of the study and patient experience/expecta-
tions of the study should be communicated prior to, during and after testing. Written 
instructions at a grade four to six reading level in black print on a white surface are 
ideal. The patient education should be succinct, providing key information to help 
complete the study successfully. This education should include:

•    a brief overview of the study  
•   expectations of the time required for the study  
•   how the study is performed including key portions of the study such as the need 

for urethral and rectal catheters  
•   the information that will be obtained from the study and how such information 

may benefi t the patient  
•   patient responsibilities prior to study:

 –    pad test  
 –   voiding diary  
 –   need and directions for prophylactic premedication (for example prophylaxis 

for contrast dye allergy in video urodynamic studies or antibiotics in certain 
populations)     

•   patient responsibilities during the study:

 –    communicate if study is reproducing home symptoms  
 –   notifi cation of fi rst sensation, desire to void, attempt to void when directed, 

pain, strong desire to void  
 –   to ask questions if unclear of instructions     
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•   patient responsibilities after the study:

 –    take prophylactic antibiotic as directed  
 –   to call healthcare provider for unexpected signs and symptoms (fever, dys-

uria, hematuria, etc.)  
 –   schedule follow-up with provider to discuss study and treatment plan       

 Orally communicating these same teaching points with the patient will help to 
reinforce the concepts with the patient. Cues in the exam room will also reinforce 
the data needed to help optimize the study. Large plain cards, with written cues, 
fastened to the wall in front of the patient will remind the patient throughout the 
study using visual stimuli. 

 Examples of visual cue cards to be posted in the room include:

    1.    “Goal of study: to reproduce your voiding symptoms as if you are at home”   
   2.    “First sensation: any feeling of something in your bladder once test is started: 

wet, cold, pressure or pain, etc”   
   3.    “First desire to void: when you feel you need to void (pee) ‘If you were driving 

in a car, you would ask to stop at the next rest area’ or ‘You would get up at the 
next commercial if watching television’”   

   4.    “Strong desire to void ‘If you were driving down the road you would ask to pull 
over to void (pee) behind a bush/tree’ ‘Can’t hold one more drop’”   

   5.    “Do not attempt to void until you are told to do so”     

 For some patients reproducing symptoms can be challenging. For example, the 
demonstration of urodynamic SUI can be diffi cult in some individuals. The urody-
namics testing environment may create anxiety or pain in these individuals resulting 
in pelvic fl oor spasm and a situationally increased urethral resistance which may 
mask SUI. The AUA/SUFU UDS Guidelines state that when evaluating such a 
patient with symptomatic SUI in whom a leak point pressure cannot be demon-
strated, that the clinician can repeat the study with the urethral catheter removed. 
This may permit the demonstration of SUI and an assessment of the abdominal leak 
point pressure using the Pabd transducer. For other patients with symptomatic SUI 
in whom the condition has not been demonstrated even with the urethral catheter 
removed, it can be helpful to reposition the patient into a standing position during 
the urodynamic study. Attempting to place the patient in the position that most com-
monly elicits leakage (which would be the standing position for most patients with 
SUI) will aid in reproducing the home symptoms. Finally, reduction of a high grade 
POP and testing for SUI may be benefi cial in diagnosing obstruction, occult SUI, 
and/or detrusor overactivity in some women with LUTS. Reduction of the prolapse 
can be done with a pessary from a pessary fi tting kit, and/or a lubricated gauze roll. 
If using a gauze roll, the examiner must account for the potential of urethral obstruc-
tion as well as wicking of the fl uid onto the gauze during voiding, which may or 
may not compromise the quality of voiding images under fl uoroscopy while per-
forming video urodynamics [ 3 ]. 
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 Diffi culty with the initiation of voiding is another common problem in the 
 urodynamics room. Volitional urination is a complex phenomenon involving the 
integration of neurological, muscular, pharmacological, and psychological factors 
among others. Diffi culty with initiation of voiding may be caused by the testing 
environment, obstruction or pain from the urethral catheter, or a number of other 
issues. Psychogenic inhibition during the voiding phase is common. The practitio-
ner can help facilitate voiding by initiating one or more of the following practices as 
seen in Table  7.1 .

       Urge Suppression Techniques 

 During the study, the goal is to reproduce the symptoms experienced by the patient 
as at home. By comparing the presentation of the symptoms in the lab with the 
objective data recorded in a voiding and/or catheterization diary, the clinician can 
direct the study in order to reproduce symptoms. With the introduction of catheters 
and an un-physiologic fi lling rate, the patient may experience multiple involuntary 
bladder contractions (IBCs) that do not correlate with physiologic capacity and/or 
their normal sensations of urgency. 

 An important point is that directing the patient to attempt to suppress incidental 
detrusor contractions may afford the clinician with important data which is not only 
diagnostic, but potentially therapeutic. The sensation of urgency is annotated on the 
tracing and, if coincident with an IBC, this is recorded as well. The clinician then 

   Table 7.1    Facilitation of voiding   

 • Running water: either by physically turning a tap on in the room producing an audible sound 
in the sink or playing a recording of a similar sound 

 • Hand warming and watering: Submerging the patient’s fi ngers in a bucket with warm water 
and encouraging a relaxed approach to voiding 

 • Repositioning: Positioning the patient into the same voiding position that they use when in 
the non-laboratory setting. For example, some individuals may universally void in the 
standing or seated position. Accommodation should be available for repositioning of these 
patients in the urodynamics room. Nevertheless, when such accommodations are made, it is 
important that the patient is safely able to void without disrupting the wires, urodynamic, or 
radiographic equipment. 

 • Physically leaving the room: Some individuals will have great diffi culty initiating voiding in 
the presence of others. Sometimes called “bashful bladder,” voiding can be facilitated in these 
patients by simply leaving the room. The patient should be reassured that they will be safe 
alone in the room during this period of time. Use of a remote control marker will allow 
continued monitoring and recording of events even if not at the urodynamics computer. 

 • Guided imagery: verbally walking the patient through the scenario of voiding can be helpful 
in initiating urination. 
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can ask the patient to suppress the urge as they would at home and label this event 
on the tracing. This maneuver will help to evaluate if the patient can inhibit the 
involuntary contraction, which can serve as a future basis for therapeutic pelvic 
fl oor muscle training with the goal of urge suppression. In addition, if the patient 
inappropriately recruits abdominal muscles during attempted suppression, as indi-
cated by a rise in the abdominal pressure recording, then they can be educated, 
using this biofeedback technique, in the proper performance of pelvic fl oor muscle 
isolation and recruitment. The EMG activity seen coincidently with the proper per-
formance of a pelvic fl oor contraction can aid in teaching the patient about their 
pelvic fl oor as an additional form of biofeedback. In the event the patient is unable 
to suppress the IBC, the clinician can teach the patient various urge suppression 
techniques. One such technique is to instruct the patient to “squeeze the pelvic fl oor 
as if they were trying to prevent passing gas”. An alternative maneuver for the 
patient who is unable to isolate the pelvic fl oor muscle is the “heel click” maneuver. 
In order to do this action, the patient is instructed to click the heels in place while 
keeping the feet planted on the fl oor. This action, when done correctly, will elicit a 
rise in the EMG recording without a rise in the abdominal pressure lead. This phe-
nomenon is demonstrated in Fig.  7.1 .
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  Fig. 7.1    This pressure-fl ow urodynamic tracing demonstrates involuntary bladder contraction. 
The patient then attempted a long sustain pelvic fl oor contraction, but then was taught how to do 
heel clicks to suppress subsequent contractions       
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   Finally, it is important to periodically reassess the signal quality of the UDS 
equipment during the study. This can be done by having the patient perform a stress 
maneuver such as a valsalva, or cough, and compare the expected changes in the 
vesical, abdominal, and EMG leads to that at rest.   

    Medication Management 

    Antibiotic Prophylaxis 

 The American Urological Association has issued a Best Practice Policy statement 
for antimicrobial prophylaxis [ 4 ]. This evidence-based document reviews surgical 
antimicrobial prophylaxis for a variety of urological procedures and states that “ An 
important change in antimicrobial prophylaxis pertaining to urologists is that anti-
microbials are no longer recommended by the American Heart Association in asso-
ciation with genitourinary procedures solely to prevent infectious endocarditis  [ 4 ].” 
The panel reviewed current research and recommended that antimicrobial prophy-
laxis for urodynamic studies is not necessary if the urine culture prior to the proce-
dure is negative. If coverage is indicated for individualized clinical scenarios (i.e., 
the severely immunosuppressed patient), the drug of choice is a fl uoroquinolone or 
trimethoprim-sulfamethoxazole for a 24 h duration. Positive cultures should be 
treated with appropriate antibiotic coverage. Of note, the US Food and Drug admin-
istration (FDA) has released a statement that patients should be notifi ed about the 
possible risk of permanent peripheral neuropathy associated with the oral or intra-
venous use of fl uoroquinolones [ 4 ]. The principle of not treating urine unless there 
is growth noted on culture also applies for the removal of an external urinary cath-
eter and for the patient undergoing clean intermittent catheterization, which also 
may apply to this population. Urine culture and appropriate antibiotic coverage is 
recommended prior to study if infection is suspected in this population.  

    Other “Premedications” 

 Patients undergoing video urodynamics are infused with a contrast agent. Such 
agents are associated with allergic reactions, and anaphylaxis in a small number of 
individuals when infused intravenously or when these agents gain access to the sys-
temic circulation. Whether allergic reactions are relevant to bladder fi lling during 
video urodynamics is unclear in the absence of a traumatic catheterization. In patients 
with a shellfi sh allergy, iodine allergy, or a known contrast allergy, video urodynam-
ics should be done with caution and with appropriate preparation. When possible, the 
use of non-ionic contrast agents, and a prophylactic steroid and antihistamine regi-
men starting 24 h prior to the study may reduce or eliminate systemic reactions. 

 Premedication for neurogenic patients and potential autonomic dysrefl exia is 
discussed in Chap.   9    : Special Considerations in the Neurogenic Patient.   
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    Other Challenging Situations Related to UDS Testing 

    Catheterization 

 Diffi cult catheterization can impede the study from the beginning. It is important to 
recognize that many individuals presenting for UDS have an anatomically abnormal 
lower urinary tract such as that due to stricture or contracture. This may result from 
prior surgery, trauma, infection, or other urological conditions. Other individuals 
are simply very anxious and will volitionally contract the external sphincter either 
in response to the anticipation or pain of urethral manipulation making catheteriza-
tion increasingly diffi cult. Interventions for these situations are varied and although 
the fi rst catheterization to empty the bladder is often successful, subsequent cathe-
terization with the smaller urodynamics catheters for the pressure-fl ow study may 
be diffi cult. 

 At times, the use of urethral anesthetics, such as lidocaine infused lubrication 
gel, prior to catheterization may be benefi cial and provide some comfort to both 
men and women during the catheterization process. Siderias et al. [ 5 ] conducted a 
randomized controlled trial of males in the emergency department and concluded 
that topical lidocaine gel reduced pain as compared to topical non-medicated lubri-
cants during urethral catheterization. A similar study was also conducted comparing 
water-based lubricating gels with lignocaine gel in the female population requiring 
catheterization in the emergency department. This randomized controlled trial 
found that the lignocaine gel reduced procedural pain for urethral catheterization 
[ 6 ]. Although these studies are not directly related to the traditionally non-emergent 
setting of urodynamics, the use of anesthetic gels may provide a less painful cathe-
terization. Gels also provide gentle atraumatic dilation of the urethral lumen, which 
may ease subsequent catheterization. 

 Other interventions to assist in easing the catheter into the bladder include:

    1.    For male diffi cult catheterization: initial catheterization with 16–18 French 
coude tip catheter followed by attempt with a 12 French silicone catheter. For 
diffi cult passage of an urodynamics catheter, use of a 0.035 coated guide wire 
may be feasible, if the urodynamic catheters can be threaded over a wire [ 7 ]. 
If not, use of fl exible cystoscopy and passage of the urodynamics catheters 
alongside the scope may facilitate introduction into the bladder. This may require 
movement of equipment between rooms and staff fl exibility to change proce-
dures as indicated by patient need.   

   2.    Piggy-backing the air charged catheter on an intermittent straight catheter. By 
placing the air charged (AC) catheter tip into the eyelet of the larger, fi rmer 
straight catheter, both catheters can be introduced into the bladder. Then the 
practitioner uses a quick fl ick of the AC catheter to dislodge it from the straight 
catheter. The straight catheter is then removed from the urinary system, and the 
AC catheter is in place and ready to be charged for the test.   

   3.    A well stocked urodynamic supply closet will facilitate locating appropriate sup-
plies. Supplies should include an assortment of urinary catheters with various tips. 
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These catheters should include coude tip, council tip, olive tip, and straight 
 catheters ranging in size from 12 to 18 F. Hydrophilic catheters may also aid in 
diffi cult situations.   

   4.    Strategies to aid in passing a catheter include providing a quiet, secure, and pri-
vate setting that allows for the patient to relax during the procedure [ 8 ]. Currently, 
the literature lacks research based techniques. Anecdotal techniques include urg-
ing the patient to attempt to void, without straining, while the catheter is passed. 
“Wiggling toes” will promote relaxation of the pelvic fl oor to aid in passing the 
catheter into the bladder. If the patient already self-catheterizes without diffi -
culty, he/she may be offered to place the catheters for the procedure.   

   5.    As noted above, intraurethral injection of 10–20 cc lubricant with or without 
lidocaine can greatly ease placement of urethral catheters      

    Surgically Implanted Hardware 

 Typical hardware that may be encountered in urodynamic preparation is artifi cial 
urinary sphincters, implanted neuromodulation devices for bladder and bowel con-
trol, spinal and pelvic orthopedic implants and/or penile prosthesis. Careful history 
taking will identify such individuals. Staff should be educated to ask about implanted 
devices so that traumatic catheterizations especially in the setting of an artifi cial 
urinary sphincter can be avoided when catheterizing the patient. For example, the 
artifi cial urinary sphincter should be deactivated for catheterization, and catheter-
ization performed only by the clinician or highly trained staff. Also positioning the 
c-arm throughout the study may be necessary to maximize visualization of urinary 
tract structures (see Fig.  7.2a, b ).

  Fig. 7.2    ( a )  Left . Orthopedic hardware in pelvis. In  bottom corner  the top of the table hardware 
will obstruct the urethral images. ( b )  Right . But with positioning of the c-arm, the urethra can be 
seen without obstruction       
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       Positioning 

 Positioning the patient on the UDS table can sometimes be challenging due to 
 surgery (recent or prior) or orthopedic, neurological or cognitive diffi culties. For 
example, patients with neurologic conditions may experience muscular spasms that 
impair optimal positioning. (see Fig.  7.3a, b ) Using soft sheets and padding, patients 
can be positioned in such a way to provide access to their perineum for catheteriza-
tion, and, if applicable, allow for the radiologic equipment to be placed around them 
for video urodynamics (see Fig.  7.3a ) Use of funnels and tubing strategically taped 
in place can direct the urine toward the collection containers and fl ow transducers. 
(Fig.  7.3a, b ) Devices such as head padding, arm rests, and low positioning tables 
will help maintain a safe environment that is comfortable for the patient during this 
sometimes awkward positioning. As noted previously, the use of physical therapy 
aids such as slide boards and patient lifts helps caregivers move dependent patients 
from their wheelchairs to the exam table. Ambulatory patients are also positioned 
with these concepts in mind. Strategically placed funnels and tubing direct drainage 
into the urofl ow equipment (see Fig.  7.4 ).

  Fig. 7.3    ( a )  Left . ( b )  Right . This patient, who is wheelchair dependent, was unable to do the test-
ing in the seated position secondary to leg spasms. Her right leg was supported the chair leg rest, 
while her left leg spasmed less in the seated position. Careful positioning of the funnel provided 
visualization of the voided stream without spillage on the c-arm of radio-contrast dye       
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        Syncope 

 Avoidance of syncope during the UDS study and protection of the patient in the 
event of syncope is imperative. Informing patients prior to the study that fasting is 
not necessary, and is in fact discouraged, will help to curb syncopal episodes related 
to hypoglycemia and dehydration. The clinic should have drinking water, candy, 
juice, and small snacks to use as needed. Certain populations are more predisposed 
to fainting, such as young men with primary bladder neck obstruction [ 9 ]. 

 Safety is paramount for both the patient and the staff. Staff should be trained to 
effi ciently move equipment in order to get the patient in a supine position in the 
event of syncope. Emergency equipment such as ammonia smelling salts, blood 
pressure cuff, and resuscitation equipment should be readily available. Safety equip-
ment such as seat belts, transfer aids and hand bars will also aid in providing secu-
rity for patients while being evaluated. Prevention and anticipation of syncope may 
be the best measure to prevent this side effect of an invasive study.  

    Documentation 

 The study, as a completed document, should include notations on the tracing to 
provide a succinct account of the study so as to be read and interpreted in the absence 
of the oral report from the clinicians present during its execution. A brief history 

  Fig. 7.4    Ambulatory patients 
who are able to stand are 
positioned with a funnel and 
tubing situated to drain into 
the urofl ow machine.  Note : 
arm grabs for balance. The 
hand controls and staff 
training need to be in place to 
emergently fl atten the bed in 
the event of patient need       
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including relevant surgical, obstetrical, and medical events should be included in the 
history along with a statement regarding the rationale or indications for conducting 
the study. A catheterized post void residual prior to initiation of the study should be 
included. Throughout the study, annotations, such as position change, pain, and 
reproduction of home symptoms on the tracing will cue future readers as to the 
relevant events that occurred during the study.  

    Staff Training 

 Competently trained staff will aid the clinician in producing an optimal study. 
 Initial training of staff may be offered by the company supplying the urodynamic 

equipment used in the clinic. Staff training should include information on general 
maintenance of the equipment including calibration checks, cleaning, moving, and 
general trouble-shooting. Contracts for service and technical support should be 
established for long-term assistance. Consideration for continued training, espe-
cially with staff turnover and annual competencies, needs to be negotiated with the 
urodynamics company to ensure the long-term needs are met during the life of the 
equipment. Outside of industry, there are many professional organizations and pub-
lications available to provide training and ongoing education for the various staff 
involved in the performance of urodynamics. 

 These organizations include:

 –    American Urological Association   www.auanet.org      
 –   International Continence Society   www.ics.org      
 –   Society of Urodynamics, Female Pelvic Medicine & Urogenital Reconstruction 

  www.sufuorg.com      
 –   Society of Urologic Nurses and Associates   www.suna.org      
 –   Wound Ostomy & Continence Nurse Society   www.wocn.org          

    Conclusion 

 Understanding the complexities of reproducing a real world experience in the labo-
ratory, while also considering the unique and complex needs of individuals requir-
ing urodynamic testing, will be a benefi t to clinicians in optimizing a study that is 
relevant and useful.     
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    Chapter 8   
 Special Considerations in the Pediatric Patient 

             J.     Todd     Purves       and     Andrew     A.     Stec     

     Abbreviations 

   ALARA    As low as reasonably achievable   
  CMG    Cystometrogram   
  DSD    Detrusor sphincter dysynergia   
  FR    French   
  ICCS    International Children’s Continence Society   
  LUTS    Lower urinary tract symptoms   
  OAB    Overactive bladder   
  PUV    Posterior urethral valves   
  SFU    Society for Fetal Urology   
  UDS    Urodynamics   
  UTI    Urinary tract infection   

          Introduction 

 The management of children presenting with lower urinary tract symptoms (LUTS) 
depends on an accurate diagnosis of the underlying etiology, just as it does in the 
adult population. Children present a unique challenge to this endeavor in that they 
can be at any point along the spectrum of maturation; developing from an infantile 
voiding physiology to that of an adult. In addition, cognitive and emotional imma-
turity of the patient can make accurate history taking diffi cult. Even with more 
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mature children and unusually attentive parents, the clinician can rarely obtain the 
intimate details of voiding and bowel habits that can be provided by adult patients. 
Therefore, UDS studies that provide quantitative measurements of bladder function 
can be of critical importance in identifying which of the myriad causes of pediatric 
voiding pathology may be affecting a particular patient. 

 UDS provides a rich source of information that can help the clinician optimize 
treatment for any particular patient but these studies can be quite invasive and trau-
matic to children even under the best of circumstances. Therefore, providers should 
make an effort to preferentially utilize the least invasive techniques, such as com-
plex urofl owmetry and real time ultrasonography, when these are adequate for 
designing a treatment plan while avoiding invasive multichannel UDS. In many 
cases, however, formal video UDS are the only viable means to obtain necessary 
information and the clinician must be willing and prepared to perform this testing as 
accurately and as comfortably as possible. UDS should be a component of a com-
prehensive protocol in the diagnosis and management of children with LUTS to 
ensure that children who can benefi t from testing receive it, while minimizing its 
use in children where less invasive testing will suffi ce. 

 The most frequent use of UDS in pediatrics is in the management of children with 
chronic conditions, including neurogenic disorders and anatomic outlet anomalies, 
which affect voiding physiology. These patients often require testing to defi ne their 
baseline functioning and then later to assess treatment results and follow changes 
that occur with maturation. Assurance of safe urinary storage pressures is essential 
to protect renal function and information necessary to achieve and maintain conti-
nence necessitates formal UDS studies. In anatomically normal children with LUTS, 
the role of UDS is more controversial and often plays a role in patients who do not 
respond well to either empiric treatment or that based on less invasive studies.  

    Indications for UDS in Pediatrics 

 A UDS procedure in a child can be invasive or traumatic and thus understanding the 
proper indications for such testing is imperative. UDS are used in two patient popu-
lations in pediatric urology: (1) the child with bladder dysfunction that is neuro-
genic in origin and, (2) those that have non-neurogenic bladder dysfunction. The 
indications for each patient population are different. 

    Non-neurogenic Bladder Dysfunction in Children 

 Children with non-neurogenic bladder dysfunction generally present after toilet- 
training with a clinical presentation that may include the following: incontinence, 
dysuria, recurrent urinary tract infection (UTI), urinary retention, urinary hesitancy, 
abnormal voiding patterns, or pelvic fl oor dysfunction. The majority of these 
 complaints can be evaluated with non-invasive testing and do not require UDS. 
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Basic work-up includes a physical examination, history, and comprehensive voiding 
diary, then progressing onto non-invasive tests such as post-void residual measure-
ment, ultrasonography, and complex urofl owmetry with evaluation of the pelvic 
fl oor. These are the primary tools in the armamentarium for evaluation of the non- 
neurogenic child with LUTS. The results of these tests may lead a provider to 
directed behavioral and pharmacotherapy that may alleviate some or all of the 
child’s symptoms and reassure the family that there is no greater problem [ 1 ]. 

 Progressing to a UDS study for the non-neurogenic patient requires specifi c 
goals or questions that the provider should establish before undertaking the proce-
dure. UDS in the non-neurogenic child is controversial as studies have shown that 
UDS in many cases does not alter treatment therapies that were based on data from 
non-invasive studies [ 2 ,  3 ]. In 2008, a prospective European study published results 
showing that improved treatment outcomes in children with urinary urgency and 
dysfunctional voiding did not correlate with UDS fi ndings [ 4 ]. This starkly con-
trasts with a comprehensive retrospective review of 89 UDS procedures performed 
in children with refractory non-neurogenic voiding dysfunction that demonstrated 
that 37 % of studies were normal, while 63 % of UDS studies were abnormal. In the 
abnormal patients, UDS demonstrated clinically signifi cant fi ndings that allowed 
for targeted therapy to the specifi c issue affl icting the child. The predominant fi nd-
ings were storage abnormalities in 66 %, involuntary detrusor contractions in 55 %, 
and emptying abnormalities in 34 % of patients [ 5 ]. Despite varied opinions and 
data, the generally accepted premise amongst pediatric urologists is to reserve UDS 
in the non-neurogenic pediatric population for those patients who have refractory 
symptoms or who have failed initial therapies based on non-invasive testing. 

 Potential diagnoses evaluated with UDS in the non-neurogenic patient include 
bladder outlet obstruction, voiding postponement, underactive bladder, dysfunc-
tional voiding, overactive bladder (OAB), and detrusor overactivity [ 6 ]. According 
to the International Children’s Continence Society (ICCS) guidelines OAB is a 
clinical diagnosis defi ned primarily as urinary urgency with or without incontinence 
or urinary frequency. Detrusor overactivity can only be diagnosed with a cystomet-
ric evaluation as part of a UDS study. 

 Urinary urgency is the sudden onset of the sensation to void. This term is gener-
ally applied only after the child has attained complete bladder control (typically 
around age 5). UDS is useful in children with urinary urgency to assess for the pres-
ence of involuntary detrusor contractions as well as to elucidate potential issues with 
bladder sensation and fi lling. Dysfunctional voiding is a diagnosis that is sometimes 
widely applied, but specifi cally refers to a child who contracts the pelvic fl oor mus-
cular complex or external urethral sphincter during the act of volitional voiding [ 7 ]. 
Dysfunctional voiding can be diagnosed typically on complex urofl owmetry with 
cystometrogram (CMG) patch electrodes and does not require UDS as a formal part 
of the investigation [ 8 ]. However in the cases of severe dysfunctional voiding, such 
as Hinman-Allen Syndrome (“non-neurogenic neurogenic bladder”), UDS are indi-
cated to assess for elevated detrusor storage pressures in children at risk, as well as 
use the video component of the UDS study to assess for the presence of vesicoure-
teral refl ux, and evaluate the urinary sphincter mechanism during active voiding [ 9 ]. 
OAB in children may be associated with involuntary detrusor contractions and 
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smaller than expected bladder capacity, based on the patient’s age. These fi ndings can 
only be diagnosed on a multichannel UDS study. However studies have shown that 
clinical urge symptoms do not always correlate with detrusor overactivity and studies 
have not shown that UDS fi ndings improve overall treatment outcomes for OAB [ 4 ]. 

 In summary, for the child with non-neurogenic bladder dysfunction, the primary 
testing required to evaluate the bladder and lower urinary tract are non-invasive 
measures such as history, physical examination, voiding diary, ultrasonography, and 
complex urofl owmetry with CMG. Although controversial in this patient popula-
tion, select patients with refractory symptoms, those who fail initial behavioral and 
pharmacotherapies, or those who are at high risk for elevated bladder pressures are 
potential candidates for UDS studies when a directed goal-oriented evaluation is 
performed.  

    Neurogenic Bladder Dysfunction 

 UDS is a cornerstone in the initial evaluation and long term follow-up for children 
with neurogenic compromise of the lower urinary tract. UDS allows a provider to 
confi rm the diagnosis of neurogenic bladder in a child as well as provide a means to 
characterize the particular components of the dysfunction. The specifi c components 
evaluated are bladder capacity, bladder compliance, storage pressure, emptying 
pressures, ability of the bladder to contract, assessment and determination of the 
cause of incontinence as well as vesicoureteral refl ux, and external urethral sphinc-
teric function. While UDS does provide sound clinical information on the condition 
of the lower urinary tract in a child, it does not always provide an absolute measure 
of when to intervene or treat the child, therefore the providers must use the study 
combined with a complete clinical understanding of the patient to direct therapy for 
the lower urinary tract. UDS is indicated as part of the initial work-up in a child with 
suspected neurogenic bladder, however when and how often to repeat the testing is 
the source of debate and differing expert opinion. UDS has been shown to benefi t 
children at high risk for urinary tract deterioration in planning aggressive early 
treatment of these patients. In the neurogenic population, the focus of treatment 
centers on prevention of progression of urinary tract deterioration, and secondarily 
assists with improving symptoms such as incontinence and detrusor overactivity 
[ 10 ,  11 ]. The primary underlying diagnoses for children presenting with neurogenic 
bladder dysfunction include spinal cord disorders (myelomeningocele, tethered 
cord, sacral agenesis, cloacal malformations, and spinal cord injury), posterior ure-
thral valves (PUV), anorectal malformations, and CNS disorders.  

    Spinal Cord Disorders 

 The most commonly recognized open spinal cord disorder is myelomeningocele, 
accounting for approximately 90 % of the cases. Myelomeningocele will typically 
present in neonates and is generally diagnosed by physical examination similar to 
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most cloacal malformations. Tethered cord, sacral agenesis, spina bifi da occulta, and 
CNS disorders may present in a delayed fashion at any point during development; 
spinal cord trauma presents sporadically due to external blunt or penetrating injury. 
UDS is recommended in these children after the initial insult has been addressed and 
after spinal shock has resolved. Children with spinal cord disorders typically dem-
onstrate one of three generalizable fi ndings on UDS: (1) complete denervation of the 
lower urinary tract with detrusor arefl exia, (2) detrusor overactivity with synergic 
detrusor muscle and urethral sphincter, or (3) detrusor overactivity with dyssynergic 
detrusor muscle and external sphincter with or without poor bladder compliance. 
The most deleterious pattern observed for children with spinal cord disorders is 
detrusor sphincter dysynergia (DSD) and elevated bladder pressures (>40 cm H 2 O 
before expected bladder capacity, or >80–100 cm H 2 O with voiding/leaking) [ 11 ]. 
This increased intravesical pressure puts both the detrusor muscle and renal units at 
risk for progressive damage and deterioration. Early identifi cation of DSD and ele-
vated bladder pressures in pediatric patients facilitates early intervention with a sub-
sequent reduction in detrusor decompensation, renal deterioration, as well as 
decreasing the incidence of hydroureteronephrosis and vesicoureteral refl ux [ 12 ]. 

 UDS is indicated in patients with known or suspected spinal cord disorders in 
order to characterize the physiology of the lower urinary tract as well as direct 
therapy. Performing follow-up UDS studies is discretionary with most providers 
tailoring the studies to changes in the clinical picture of the patient. A child with a 
spinal cord disorder found to have bladder fi lling pressures ≥40 cm H 2 O, voiding or 
leaking pressures of ≥80–100 cm H 2 O, or DSD with a poorly compliant bladder is 
considered high risk for progressive bladder and renal deterioration. In these high 
risk children, 3–12 months after institution of directed therapy, a repeat UDS should 
be strongly considered to confi rm whether the therapy is improving the hostile 
physiologic parameters noted on the initial study. Additionally, interval UDS stud-
ies are indicated in the neurogenic pediatric population when a provider notes: (1) a 
change in the child’s neurologic symptoms/exam, (2) 3 months after a spine or spi-
nal cord procedure is performed, (3) newly discovered hydronephrosis or hydroure-
teronephrosis on ultrasound, (4) recurrent UTIs, (5) a change or increase in the 
child’s degree of incontinence, or (6) increasing urinary diffi culty or elevated post- 
void residual in a child who has a neurogenic bladder who volitionally voids [ 6 ,  13 ].  

    Posterior Urethral Valves 

 PUV represent the most common form of congenital obstruction of the lower uri-
nary tract in infant males. While there is a wide array of management and treatment 
strategies in children with PUV, UDS testing is a generally accepted mainstay in 
bladder evaluation in this patient population. The most commonly identifi ed UDS 
patterns in these children are detrusor overactivity, loss of bladder compliance, 
myogenic failure, and impaired pelvic fl oor activity [ 14 ,  15 ]. In up to 80 % of chil-
dren with PUV, UDS will demonstrate abnormalities in bladder physiology [ 16 ]. 
In at least 15 % of these patients, a progressive phenomenon known as “valve 
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bladder syndrome” may occur [ 17 ]. Valve bladder syndrome is a progressive 
 deterioration of the intrinsic ability of the detrusor muscle to function, thereby 
 leading to high detrusor pressures, deterioration of the upper urinary tract and 
incontinence. 

 The authors currently employ UDS between 9 and 12 months of age in children 
with PUV valves that were ablated during infancy as an initial test to evaluate bladder 
physiology. Interval UDS testing is performed if there is a change in the child’s uri-
nary symptoms, recurrent UTI, elevated post-void residual, or new onset/worsening 
hydroureteronephrosis. Interval UDS testing allows for reassurance that the employed 
bladder management therapy is working appropriately, while also monitoring for 
progressive deterioration in detrusor function as well as increased bladder pressures 
[ 18 ]. As opposed to children with neurogenic bladder dysfunction, these children are 
sensate per urethra and interval UDS testing is minimized unless indicated by non-
invasive testing such as ultrasonography or complex urofl owmetry with CMG.  

    Anorectal Malformations 

 Neurogenic bladder dysfunction is commonly seen in children with anorectal mal-
formations as there is an increased incidence of intraspinal pathology such as teth-
ered cord and sacral malformations. Additionally, with the extensive malformation 
in the sacral and pelvic fl oor areas associated with these conditions, the possibility 
of neurogenic bladder dysfunction is present at baseline [ 19 ]. Subsequently, the 
radical reconstruction required to repair anorectal malformations can lead to dener-
vation, as well as DSD and neurogenic bladder dysfunction in these patients [ 20 ]. 

 Reports suggest that initial UDS prior to radical repair of the anorectal malfor-
mation should be undertaken to uncover any underlying bladder pathology and 
direct treatment. Additionally the study should be repeated 3 months following any 
spinal cord procedure or radical pelvic procedure to evaluate for any alteration in 
bladder function [ 13 ,  19 ,  21 ]. These patients should subsequently be monitored as 
they develop with aging, and a repeat study is indicated if there is any change in 
bowel or bladder symptoms, or in ultrasonographic appearance of the bladder, ure-
ter, or kidney occur [ 6 ].   

    Differences Between Pediatric and Adult UDS 

 While the overall UDS study is performed in the same manner for both children and 
adults, there are differences in the fi lling, storage, and voiding physiology in the 
infant and childhood bladder that are important to keep in mind when performing 
and interpreting the study. The principle of having a directed study that is tailored to 
the individual patient and clinical question to be answered is the cornerstone of a 
quality pediatric UDS study. 
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    Differences in the Setup of the UDS System 

 As children are frequently active and can exhibit artifactual movement during a 
study, a CMG sensor system with a sampling rate of 1,000 Hz is recommended. 
This facilitates the examiners ability to differentiate DSD and motion artifact in the 
child. While in many cases the standard adult 8 Fr double lumen urethral UDS cath-
eter and 10 French (Fr) rectal catheter can be used in older children, smaller ver-
sions for younger children and infants with 6 Fr dual lumen urethral catheter, and 
8 Fr rectal catheters are available for use. Routine monitoring of urethral pressures 
is not generally done during a pediatric study as there is inherent unreliability in the 
measurement due to frequent motion by children [ 2 ]. Appropriate monitoring and 
notation during the study of an active child with good rectal probe security assist the 
examiner in determining motion, talking, or crying artifact as a cause of changing 
abdominal pressures during a study [ 22 ]. Sensate children from approximately 
10–12 months of age up to 5–6 years of age may require special care prior to start-
ing a study. Dedicated nursing or child-life support may be required to work with 
and convince a child to accept application of CMG electrodes and placement of 
urethral and rectal catheters. Needle electrodes for CMG are not recommended in 
pediatric studies. In some select cases children may also require mild sedation to 
facilitate the study.  

    Differences in the Filling and Storage Component of the Study 

 Bladder fi lling in most pediatric UDS studies is accomplished in a retrograde fash-
ion through the urethral UDS catheter. Standard pediatric bladder capacity is accom-
plished via one of several accepted formulas. In infants, bladder capacity is estimated 
by the formula: 38 + (2.5 × age in months) = bladder capacity in mL [ 23 ]. In older 
children (>2 years of age) a widely used formula is 30 × (age in years + 2) = bladder 
capacity in mL with the second most commonly utilized formula being 30 + (age in 
years × 30) = bladder capacity in mL [ 24 – 26 ]. Normal saline or radiographic con-
trast that is warmed is used for bladder instillation as cold solutions can provoke 
detrusor contractions; the saline is preferably additive free. The fi ll rate is calculated 
as rate (mL/min) = 10 % of the calculated expected bladder capacity. When poor 
compliance or early involuntary contractions/detrusor overactivity are noted in the 
study, the rate should be slowed down to less than 10 mL/min. 

 During fi lling, any detrusor activity in infants and children should be considered 
a signifi cant fi nding on the study when it does not occur during the act of voiding. 
In some cases detrusor overactivity may be present during the fi rst fi lling cycle but 
absent during subsequent fi llings. Additionally the initial bladder capacity noted on 
fi lling may be small due to patient discomfort or anxiety, and the measurement 
should be repeated. For both of these reasons, multiple cycles of fi lling are recom-
mended in children. 
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 Bladder sensation is often an unreliable measure in young children and is only 
reliable in children who are completely cooperative, have mastered volitional void-
ing, and can verbalize their fi rst desire to void. In infants or younger children, visual 
cues such as fi dgeting or curling of the toes may be present as a sign that voiding is 
about to occur, however this is a subjective measure as seen by the examiner [ 27 ]. 
Impaired bladder sensation is defi ned as the lack of urgency to void after the bladder 
has been fi lled beyond the age-appropriate bladder capacity (approximately 150 % 
of maximum capacity); this is sometimes accompanied by the child developing 
abdominal pain instead of manifesting the urge to void [ 6 ]. 

 Bladder compliance calculations are a dynamic measurement in the pediatric 
population that are calculated similar to that in adult studies by dividing the change 
in volume by the change in detrusor pressure at maximal capacity. The generally 
accepted normal compliance in children is defi ned by a less than 10 cm H 2 O pres-
sure rise in the resting detrusor pressure at the expected age-based bladder capacity 
[ 7 ]. More specifi cally this can be calculated as 5 % of the any individual patients 
normal bladder capacity per cm H 2 O [ 28 ]. When elevated bladder pressures are 
noted, the shape of the curve during the rise in pressure should be evaluated as to 
whether it is an exponential increase in pressure around maximum bladder capacity 
or a linear increase in pressure as fi lling progresses; the latter implies severely 
impaired compliance of the bladder. Care should be taken when considering the fi ll 
rate on a UDS study in the pediatric population. Studies comparing a natural fi lling 
cystometry and saline fi lling cystometry in pediatric patients with neurogenic blad-
der dysfunction have demonstrated that the more rapid artifi cial fi ll rate can be asso-
ciated with an elevated bladder capacity measurement, and an elevated intravesicular 
pressure rise during fi lling; this may lead to readings suggesting false increases in 
bladder pressure and artifactually worsened compliance measurements in this popu-
lation [ 29 ]. Resting detrusor pressures exceeding 30 cm H 2 O during the storage 
phase of UDS investigation are considered high and may represent conditions 
 hostile to the upper urinary tract in children [ 30 ].  

    Differences in the Emptying Component of the Study 

 Normal voiding pressures range from 55 to 80 cm H 2 O in boys and from 30 to 
65 cm H 2 O in girls. Due to the presence of the urethral catheter, infants may have 
higher voiding pressures than older children. If voiding pressure in infants rise above 
a mean of 118 cm H 2 O in boys or 75 cm H 2 O in girls, a urethral obstruction or abnor-
mality should be suspected [ 31 ,  32 ]. When it is diffi cult to get children to micturate 
during a UDS study, time and patience are required to obtain the data in this impor-
tant phase of the study. High voiding pressures with low fl ow rates may be indicative 
of lower urinary tract obstruction. Table  8.1  demonstrates mean voiding fl ow rates in 
the pediatric population, note both are both age and gender dependent [ 33 ]. 
Fluoroscopy is indicated when obstruction is suspected to better defi ne urethral 
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abnormalities and the location of obstruction as the visualization of pelvic fl oor or 
sphincteric contractions can be combined with pressure measurements, fl ow rate, 
and CMG activity to better understand the clinical scenario for the child [ 34 ]. The 
urethral closure mechanism should also be evaluated during the UDS study as DSD 
may be noted and sphincter paralysis can occur in the neurogenic bladder dysfunc-
tion population [ 35 ,  36 ]. In order to validate the emptying phase of the study, overall 
voided volumes in children should be at a minimum of 100 mL in older children or 
greater than 50 % of the expected age weighted bladder capacity [ 27 ].

       Using Fluoroscopy in Children During a UDS Study 

 Ionizing radiation exposure has potentially lifelong effects, and its use should be 
minimized in the pediatric population when possible. The generally accepted prem-
ise is to have strict adherence to the “as low as reasonably achievable” (ALARA) 
principle when performing studies [ 37 ]. The fl uoroscopic component of a UDS 
study provides valuable insight in many procedures, as mentioned earlier. In pediat-
ric UDS procedures, the use of fl uoroscopy should be directed at answering a spe-
cifi c question with the minimum radiation required, in adherence with the ALARA 
principle. Video UDS studies have been reported with a range of radiation exposure 
from an average of 2 mGy (less than an average VCUG) to 10 mGy [ 38 ,  39 ]. Factors 
that increase radiation exposure during a UDS study are providers who use longer 
fl uoroscopy times, higher body mass index, and larger bladder capacity. Overall 
recommendations are to use fl uoroscopy when required to answer a clinical ques-
tion, but attempt to minimize radiation exposure in the child.   

    Pain, Artifact, and Emotional Overlay 

 Urodynamics (UDS) is a powerful tool that provides objective information about a 
patient’s particular bladder physiology but it can be rendered essentially useless by 
artifacts that result from fear, pain, and the patient’s inability to focus and cooperate 
with the testing procedure. In pediatrics, the challenge is often greater than in the 
adult population because children are less likely to understand the test, appreciate 
the reasons for obtaining it, and they are more likely to respond to fear, pain, and 
disinterest in ways that disrupt the study. Therefore, one must address these issues 
prior to, and during the test so that the diagnostic goals of UDS are achievable. 

  Table 8.1    Mean normal 
maximum voided fl ow rates 
(Qmax) in mL/s for healthy 
children [ 33 ]  

 Qmax  Age (5–10 years) (mL/s)  Age (11–15 years) (mL/s) 

 Boys  15.2 ± 4.5  22.5 ± 7.2 
 Girls  17.9 ± 6.0  27.1 ± 9.3 
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 In a study of the adult female population, Ellerkman and colleagues found that 
the level at which patients anticipated pain with UDS was signifi cantly greater than 
the actual pain that they reported experiencing during the procedure [ 40 ]. This sug-
gests that steps can be taken prior to the visit and at the initiation of the procedure 
to minimize the major component of psychological trauma associated with UDS. In 
pediatrics, it is critical to address the fears of both the patient and the parents, as the 
latter are critically important in infl uencing how the child perceives the test and they 
can be very helpful in reducing anxiety [ 41 ]. Prior to ordering UDS testing, it is 
wise to have a clear discussion of what the diagnostic goals are and how the child 
will be helped by this additional information. This should be followed by a full 
description of the procedure itself to eliminate any fear of the unknown. Participation 
by the child depends considerably on his or her age and maturity level but the clini-
cian should make every effort to explain as much of the procedure as possible in an 
age-appropriate manner. Patients who are familiar with intermittent catheterization 
are generally more accepting of the catheters used during testing but those who are 
not may need more explicit instructions on how the catheters work and how they 
will be inserted. Child-life specialists can be very helpful especially for younger 
children who may benefi t from a demonstration of catheterization using anatomi-
cally correct dolls constructed for this purpose. In addition to face to face instruction 
in the clinic visit, most practitioners provide an easy to understand handout of the 
procedure with helpful illustrations that describe the technical details as well as the 
goals and possible morbidities. Many children’s hospitals have posted their UDS 
handouts online and these can be a good reference if one wishes to custom design a 
packet for use in their practice. After a discussion in the clinic and dissemination of 
informational materials, patients and parents should be encouraged to contact the 
provider for any questions or concerns that they may have regarding the study. 

 Despite optimal preparation of the patient and parents prior to the study, UDS is 
still an invasive procedure that is associated with pain, embarrassment, and loss of 
privacy. The procedure clinic should be structured to allow for the test to be con-
ducted privately and include only those staff who are responsible for performance 
of the study. Outside traffi c should be eliminated or minimized as much as possible 
with respect to the privacy of the patient. With regards to the test itself, pain will be 
diminished by selecting the smallest catheters possible. Viscous lidocaine should be 
introduced into the urethra 10–15 min prior to catheterization to provide lubrication 
and analgesia although children who catheterize regularly may be able to proceed 
with minimal or no wait time. Positioning of the patient in a comfortable fashion is 
necessary to minimize motion artifact during the study and since many of these 
patients have neurological co-morbidities, care must be taken to cushion pressure 
points that are susceptible to formation of decubitus ulcers. Most studies can be 
conducted effectively in either the sitting or supine position, depending on the pref-
erence of the child. Once the catheters are placed and the patient is in a comfortable 
position, most studies can be performed with minimal additional discomfort. Before 
instillation of the contrast or saline, the patient should be told that bladder fullness 
may be noted, and should be reported to the clinician, but signifi cant pain is not part 
of the normal study. If the patient notes acute pain during the study, the infl ow 
should be paused and the source of the pain should be identifi ed and corrected. 
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 The vast majority of patients can undergo UDS testing with minimal discomfort 
and with avoidance of artifacts that make interpretation of results diffi cult or even 
impossible. Some children, particularly those who are sensate, may simply not be 
able to handle the fear and pain without some form of sedation. Sweeney et al. con-
ducted a study to identify which children would require sedation for completion of 
UDS and found that the most important factor was patient age between 3 and 7 years 
[ 42 ]. In addition to objective parameters, the ordering physician should observe how 
the child behaves in a non-threatening medical setting, such as a clinic visit, which 
may suggest how he or she may respond in the UDS suite. Also, parents may have 
useful information from prior studies that the child may have experienced to help 
decide when any particular child would best be served with a sedated procedure. 

 Benzodiazepines are the mainstay of sedative agents for invasive procedures 
because they are safe, effective, and easy to administer orally, intranasally or intra-
venously. Bozkurt and colleagues demonstrated that a 0.5 mg/kg dose of midazolam 
administered intranasally allowed all of their patients to successfully complete 
meaningful urodynamic studies [ 43 ]. They also showed that a single dose of medi-
cation did not alter the urodynamic parameters observed, including the maximum 
cystometric capacity, contractility, compliance, intravesical pressure, maximum 
fl ow rate, detrusor pressure at maximum fl ow, and post-void residual. A recent 
investigation by Theravaja compared the relative effi cacy of midazolam versus ket-
amine when each was given IV as a loading dose followed by a continuous infusion 
during the procedure [ 44 ]. They found that both agents were equally effective in 
providing adequate sedation but the ketamine group showed lower reactivity to 
placement of rectal and urethral catheters. By comparison to historical patient data, 
they showed that neither agent impacted any of the urodynamic parameters 
 measured. No specifi c agent has demonstrated clear superiority in the setting of 
pediatric UDS and so the choice of agent can be made on the basis of physician 
preference in deference to the setting in which these drugs are used. 

 With the administration of any sedative, patient safety is a primary concern and 
institutional guidelines regarding monitoring, equipment, nursing and specialist 
involvement should be devised and strictly followed. Providing sedation requires reg-
ular observation of the patient’s blood pressure, oxygen saturation, and sedation level 
and this must be done by a credentialed individual who remains attentive during the 
entire procedure and afterwards in recovery. Since the urodynamic study itself 
demands the full attention of the urology staff, many institutions have created sedation 
teams to provide this service so that specifi c team members can focus on the safety 
and well-being of the patient while others can focus on the performance of the testing 
itself [ 42 ]. While the infrastructure and staffi ng requirements to provide sedated pedi-
atric UDS may not be attainable in all facilities, they should be considered standard in 
all major children’s healthcare centers with a pediatric urology program. 

 Under the best of circumstances, pediatric urodynamic studies can be fraught 
with motion artifacts. Therefore, it is ideal to have the interpreting provider present 
at the time of the study so that these artifacts do not confuse the analysis of the 
results. A reasonable alternative would be to have an experienced physician extender 
(NP, PA) who performs the study carefully documenting the time and source of any 
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activity or phenomena that occur during the test. Notation of artifacts, for example 
a rise in abdominal and bladder pressure as the child grasps for a toy, should be 
documented electronically in the offi cial UDS record. Older equipment may not 
permit this, in which case the artifact and source should be handwritten on the 
printed copy of the raw data so that urologists consulting the record in the future can 
accurately interpret the results.  

    Tips for Conduction of a Good Pediatric Study 

 Pediatric urodynamic studies are most effi ciently and effectively performed in a 
dedicated pediatric procedure center where staff is dedicated to and comfortable 
with caring for children. Waiting rooms should be constructed to provide a relaxing 
family atmosphere as the patient will often be accompanied by multiple family 
members including siblings. Age-appropriate furniture, décor, and toys/games can 
help reduce stress prior to the procedure, which makes it easier to acclimate the 
child and parents before going into the UDS suite. Effi cient patient fl ow strategies 
minimize aggravating delays that can introduce unnecessary stressors which can 
manifest in diffi cult behavior on the part of the child. 

 A signifi cant percentage of children undergoing UDS testing have neurogenic 
bowel and will present with large amounts of hard stool in the rectum. Since this can 
make rectal catheter placement diffi cult and also introduce instability to the read-
ings from that channel, many providers utilize a bowel washout prior to the 
 procedure. A study by deKort showed that children undergoing colonic irrigation 
did not appear to have any noticeable change in the results of their UDS studies and 
there is no literature to support or dissuade the use of a pre-procedural bowel regi-
men [ 45 ]. Nonetheless, administration of an enema the morning of, and in some 
cases several days preceding the study can help with cleanliness and ease of catheter 
insertion. Practitioners may set a standard institutional protocol for the use of ene-
mas, suppositories and/or oral laxatives, or custom tailor the regimen to individual 
patients who are at risk of impacted stools. 

 The decision as to whether or not parents should be present for the test is contro-
versial and there is certainly a great deal of discretion to be exercised by the pro-
vider, based on the social situation and interfamily relationships of individual 
patients. However, as part of an effort to provide patient and family centered care, 
the American Academy of Pediatrics endorses the practice of allowing parents to be 
present for invasive procedures [ 46 ]. While UDS testing was not specifi cally men-
tioned in the guidelines, it stands to reason that parental presence as a comfort 
measure is benefi cial to the well-being of the patient and the integrity of the test. 

 Equipment requirements for pediatric UDS testing are similar to that which is 
necessary for adult testing with the exception of the specifi c parameters of the blad-
der and rectal catheters. The effect of catheter size with regards to urodynamic results 
has not been formally studied in children but has been shown to be an infl uential 
factor in men with obstructive urinary conditions [ 47 ]. A large catheter, particularly 
in small boys, has the potential of obstructing the bladder outlet and urethra which 
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can lead to a decrease in measured fl ow rates and increase in measured leak point 
pressures. Therefore, the smallest catheter available, usually a 6 Fr dual lumen cath-
eter, is optimal for measurement accuracy. 

 Even children who are able to tolerate catheter placement and the bladder fi lling 
can have diffi culties remaining still and focused for the duration of the study and 
this can introduce troublesome artifacts. Age-appropriate entertainment such as 
blowing bubbles and visually attractive toys are often effective in calming and set-
tling infants while videos, electronic games, or reading materials are excellent 
means to maintain focus in older children. A child-life specialist can be a valuable 
team member, providing suggestions for specifi c interventions and assistance dur-
ing the exam by gentle interaction with the child and accompanying parent. 

 Once the test is complete, it is best to have the child dress and accompany the 
parent to a separate room or location that provides privacy and comfort so that post- 
procedural counseling can occur away from the distracting and often crowded space 
in the UDS suite. This gives both the parent and child an opportunity to settle down 
and better comprehend the discussion of test results with the provider. A light snack 
or beverage for the patient may be benefi cial for the patient to understand that the 
invasive procedures are complete and impart a sense of safety.  

    Congenital Anomalies with Radiographic 
and Urodynamic Examples 

    Videourodynamics for Pre/Post-operative Management 
of Neurogenic Incontinence 

 Figure  8.1a  shows the urodynamic tracing of a 6-year-old girl with neurogenic blad-
der secondary to spina bifi da. She had been managed for several years on a q2h CIC 
regimen and anticholinergic medication. Despite this, she constantly leaked between 
catheterizations and she suffered from approximately six breakthrough UTIs while 
on prophylactic nitrofurantoin. Renal ultrasounds demonstrated left hydronephrosis 
alternating between SFU (Society for Fetal Urology) grade 3 and 4. From the trac-
ing and cystogram, it is apparent that the bladder is very small, trabeculated, and 
poorly compliant. Bilateral vesicoureteral refl ux is noted with severity of grade 4 on 
the left and grade 1 on the right. With a capacity of 98 mL (estimated capacity of 
180 mL) and a detrusor leak point pressure of 61 cm H 2 O (annotated on the tracing 
as “leak”), it was felt that the patient’s bladder was suffi ciently hostile to cause renal 
deterioration over time. The decision to perform an outlet procedure concomitantly 
with the augmentation is not one that can be based solely on UDS data at this time. 
Rather, sphincteric incompetency must be suspected when the child has wetting 
episodes shortly after being catheterized and when videourodynamics shows that 
the bladder neck appears open during fi lling and when a low abdominal leak point 
pressure is noted. Based on the videourodynamics testing and on the clinical presen-
tation, the patient was scheduled for a bilateral ureteral reimplantation, bladder aug-
mentation, and a Pippi-Salle bladder neck reconstruction.
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   Twelve months after surgery, the patient was continent during the day so long as 
she did not wait more than 4 h between catheterizations. She did not report any UTIs 
in the 6 months prior to the post-operative follow-up videourodynamic study. In 
Fig.  8.1b , the post-operative changes are evident with an increase in bladder capacity 
from 98 to 286 mL and cessation of her bilateral vesicoureteral refl ux. Bladder com-
pliance was signifi cantly improved and her storage pressure only reached 25 cm H 2 O 
at capacity before leakage occurred. Detrusor overactivity was noted at the later stages 
of fi lling and this has prompted us to re-initiate anticholinergic therapy. However, the 
study confi rms the successful clinical outcomes and assures us that her urine is being 
stored at suffi ciently low pressures to prevent renal deterioration in the future.  

    Videourodynamics for Diagnosis and Management 
of Incontinence in a Child with PUV 

 Figure  8.2  shows the urodynamic tracing and cystogram of an 8-year-old boy who 
was referred to our institution for ongoing day and nighttime urinary incontinence 
as well as worsening left hydronephrosis. He had a history of PUV that had been 
ablated twice before he was a year of age and he had a history of left vesicoureteral 
refl ux that was treated surgically with ureteral reimplantation soon after his fi rst 
birthday. On the tracing, detrusor overactivity is noted to start when the bladder is 
fi lled to 89 mL and it becomes more regular and forceful as the bladder volume 
approaches 150 mL. None of the involuntary contractions caused leakage but they 
were associated with urinary urgency as reported by the patient. It is quite possible 
that during these contractions, the urethral catheter was signifi cantly large enough 
to obstruct the urethra and prevent urine from escaping. The patient reported severe 
urgency at 221 mL which is much less than the expected bladder capacity of 300 mL 
derived from his age and the aforementioned formula. He was instructed to void and 
did so with a voiding pressure well over 100 cm H 2 O and a poor, dribbling stream 
that left over 50 mL as a post-void residual. The cystogram showed an obvious 
obstruction in the urethra with a dilated posterior urethra and no evidence of vesico-
ureteral refl ux. Based on this study and the patient’s clinical history, it was recom-
mended that he undergo a repeat cystoscopy to diagnose and treat the urethral 
obstruction that was thought to be due to residual urethral valves or due to scarring 
from prior surgical attempts at ablation.

   In the operating room, cystoscopic examination demonstrated classic appearing 
PUV and a dilated prostatic urethra. The valves were ablated with hook electrocau-
tery and a 12 Fr Foley catheter was left in place for one day post-operatively. One 
month after the procedure, the patient and his parents report a decrease in the fre-
quency and volume of urinary accidents during the day. He is being managed con-
servatively with timed voiding and a good bowel regimen but no medications or 
other interventions. If his bladder function fails to improve, a repeat videourody-
namic test will be indicated to confi rm a patent bladder outlet and urethra as well as 
investigate the persistence of involuntary detrusor contractions that may respond to 
anticholinergic therapy.  
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    Videourodynamics for Diagnosis and Management 
of Hinman’s Syndrome 

 Figure  8.3  shows the urodynamic tracing and concurrent cystogram of a 14-year-old 
boy who was initially referred for hydronephrosis that was discovered during a 
work-up for recurrent UTIs. The child reported that he only typically voided 2 or 3 
times maximum during the course of a normal day and only had one bowel move-
ment per week. Videourodynamics was indicated after it was discovered that the 
patient had underlying renal insuffi ciency and a complex urofl owmetry demonstrat-
ing poor fl ow and a high post-void residual. The most striking feature of the study 
is that the patient did not have any sensation to void prior to reaching a bladder 
volume of 700 mL. During fi lling, the bladder was stable but he reached a threshold 
fi lling pressure of 40 cm H 2 O at only 520 mL. The cystogram showed a very large, 
smooth walled bladder with no evidence of refl ux or urethral obstruction. He was 
able to void volitionally with good pressure generated from the bladder, but there 
was also evidence of signifi cant sphincter activity during micturition and the patient 
was left with a post-void residual of 300 mL. Given his high pressure storage, 
inability to adequately empty his bladder, and worsening hydronephrosis and renal 

  Fig. 8.2    Urodynamic study of 8-year-old boy with posterior urethral valves.  Pves  bladder pres-
sure,  Pabd  abdominal pressure,  Pdet  detrusor pressure,  EMG  pelvic fl oor electromyography.  Inset : 
Cystogram at bladder capacity of 221 mL       
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function, the child was started on a q4hr intermittent catheterization schedule. An 
extensive neurological work-up has not uncovered any underlying pathology to the 
patient’s dysfunctional voiding. He is therefore classifi ed as having Hinman’s syn-
drome which is defi ned as a functional bladder outlet obstruction in the absence of 
neurological defects.

       Videourodynamic Assessment of Bladder Function in a Pediatric 
Renal Transplant Candidate 

 Figure  8.4  depicts the urodynamic tracing and cystogram of a 7-year-old boy in end 
stage renal failure with Trisomy 18 (Edward’s Syndrome). He had experienced sev-
eral febrile UTIs as an infant and a voiding cystourethrogram done at the time 
showed severe left refl ux and a trabeculated bladder. In the years preceding referral, 
the patient voided into a diaper and did not have any UTIs despite not being on 
prophylactic antibiotics. He had been started on dialysis 6 months prior to his visit, 
after he had presented to an emergency room with vomiting and had been found to 
be hypertensive and in renal failure. UDS was indicated to investigate whether or 
not the bladder was a suitable reservoir for a renal transplant. The tracing shows 
episodic, spontaneous bladder contractions during fi lling that result in leakage at 
40–50 cm H 2 O. However, storage pressure remained close to zero and this is par-
tially explained by the fi ndings on the cystograms taken early in the study and again 
during a bladder contraction at maximum capacity. The cystogram demonstrates 
severe left vesicoureteral refl ux seen in the latter radiograph providing a pressure 
sink or “functional augmentation” or “pop-off”. It was felt that the volume and 
compliance of the bladder combined with the dilated upper urinary tract were 
acceptable to support renal transplantation. The study, however, also showed that 
the patient was unable to effi ciently empty his bladder, which could put him at risk 
for UTIs in post-transplant, immune-compromised state. Since the parents did not 
feel that the patient would tolerate intermittent catheterization, the family and treat-
ing team chose to perform a vesicostomy prior to transplant. When the parents feel 
that the child is accepting of a catheterization regimen, he will undergo a takedown 
of the vesicostomy and construction of a continent catheterizable channel.

        Conclusion 

 Current trends in medicine, and particularly in pediatrics, have focused on minimiz-
ing the invasiveness of diagnostic and therapeutic procedures. As a result, methods 
with an inherent level of morbidity, such as UDS, have come under increased scru-
tiny. Pediatric urologists must address this going forward by defi ning exactly who 
benefi ts from these studies, thereby limiting their performance to the smallest 
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number possible. All steps should be taken to minimize the trauma of the testing and 
we should be cognizant of the technological advances, such as remote sensing, that 
are truly necessary to bring UDS into the twenty-fi rst century. However, the value 
of UDS in diagnosing and formulating treatment for children with voiding patholo-
gies is suffi ciently high that we cannot allow the abandonment or serious discour-
agement of these techniques.     
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    Chapter 9   
 Special Considerations in the Neurogenic 
Patient 
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  FUDS    Fluorourodynamics   
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          Introduction 

 There are various goals in treatment of any patient with neurogenic bladder (NGB) 
which are outlined in Table  9.1 , with the primary goal being preservation of renal 
function, which is maintained by storage of urine at low detrusor pressure [ 1 ,  2 ]. 
Urodynamics (UDS) are essential in evaluating the effi cacy of treatment regimens 
for patients with NGB. Current guidelines address the need for urodynamic studies 
in the initial evaluation of the neurogenic patient; however, there are no guidelines 
for physicians for following them long-term. This chapter will focus on special 
considerations for UDS in the neurogenic patient.

       Challenges in Reproducing Symptoms in NGB 

 A signifi cant challenge when performing UDS in patients with NGB is the repro-
duction of their clinical symptoms during the study. For many NGB patients there 
is an inherent lack of symptomatology due to impaired bladder sensation. In addi-
tion, the degree of symptomatology does not necessarily correlate with fi ndings on 
UDS, even in the neurologically intact patient. For neurogenic patients, not only this 
is true, but the degree of symptomatology also does not necessarily correlate with 
the magnitude of their disease affecting the urinary tract. Many patients may be at 
risk for upper tract disease but are entirely asymptomatic. Patients also may not be 
fully aware of symptoms and therefore cannot describe whether their leakage is 
associated with urinary urgency or stress maneuvers such as transfers. They may 
have altered bladder sensation or no bladder sensation at all. All of these factors 
make it more challenging to reproduce symptoms in patients with NGB. 

 According to Good Urodynamic Practice Guidelines, repeat UDS studies are 
recommended if “the initial test suggests an abnormality, leaves cause of trouble-
some lower urinary tract symptoms unresolved, or if there are technical problems 
preventing proper analysis” [ 3 ]. If these guidelines are to be followed, all NGB 
patients would require repeated studies. 

 Bellucci et al. [ 4 ] addressed this in a prospective study of 226 NGB patients who 
underwent same session repeat UDS, looking at repeatability based on 95 % limits 

  Table 9.1    Goals of 
management of neurogenic 
bladder dysfunction [ 1 ]  

 Upper urinary tract preservation or improvement 
 Absence or control of infection 
 Low storage pressures with adequate bladder capacity 
 Low voiding pressures with adequate emptying ability if not 
performing intermittent cath 
 Minimal or no incontinence 
 Avoidance of indwelling catheter or stoma 
 Social acceptability and adaptability of bladder management 
 Vocational acceptability and adaptability of bladder management 
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of agreement. The only measure found to have good repeatability was detrusor 
overactivity. The other measures including maximum cystometric capacity, compli-
ance, maximum detrusor storage pressure, detrusor leak point pressure, and voiding 
parameters (in the 88 patients who were able to void spontaneously) were not con-
sistent between studies. The authors suggest that the clinical decision-making not 
be based on one UDS fi lling, but should base it on multiple cycles and concentrate 
on the results that cause concern. Another study by Ockrim et al. [ 5 ] confi rmed that 
detrusor overactivity is repeatable in patients with NGB, but not necessarily repeat-
able for men with LUTS. This study did not comment on other urodynamic param-
eters in spinal cord injury (SCI) patients. 

 Ambulatory UDS has been used to mimic a more physiologic fi lling of the 
 bladder. Virseda et al. [ 6 ] looked at the test-retest repeatability of two ambulatory 
UDS 24 h apart in 66 patients with SCI. They found no signifi cant differences 
between the two studies for bladder capacity, maximum detrusor pressure during a 
detrusor contraction, and post-void residual. However, they found that fi lling pres-
sure was not reproducible, which is concerning as the fi lling pressure is directly 
related to upper tract damage. 

 This reinforces the importance of looking at the entire clinical picture in the 
neurogenic patient. It is also often helpful to obtain history from family members or 
caretakers as they can give insight into bladder behavior that the patient might be 
unaware of.  

    Role of Prognosis in UDS Studies in NGB 

 As previously stated, there are no current guidelines on how often UDS should be 
repeated in the NGB population. The real question would be to ask how often do 
UDS change a patient’s bladder management. Nossier et al. [ 7 ] performed a retro-
spective review of 80 SCI patients who underwent UDS once a year for at least 
5 years to determine how often treatment is modifi ed based on UDS results. They 
defi ned treatment success as detrusor pressure <40 cm of water during fi lling and 
<90 cm of water during voiding as well as absence of AD, <3 urinary tract infections 
(UTIs) per year, one continence pad per day, and no hydronephrosis or scarring on 
renal ultrasound. With a mean follow-up of 67.3 months, no patient had signs of 
renal damage and 77 of 80 patients ultimately required treatment modifi cation based 
on urodynamic fi ndings during the study period. Of patients who were symptomatic 
at time of UDS, all of them had abnormalities on UDS. More importantly, 68 % of 
clinical failures would have been undetected based on symptoms alone. 

 As UDS are time consuming and expensive, attempts at using other clinical tools 
to assess a patient’s need for UDS have been explored. Pannek et al. [ 8 ] looked at 
the use of detrusor wall thickness at various bladder volumes and its correlation to 
favorable urodynamic results and found that it was sensitive to determine the 
patients with no risk factors for renal damage; however, clinical parameters such as 
detrusor overactivity and incontinence could not be evaluated and may require 
 further evaluation with UDS regardless of risk of renal damage.  
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    Preparing for UDS 

 Many NGB patients also have neurogenic bowel and most have a home bowel regi-
men. If patients are not on a bowel regimen, it may necessitate bowel evacuation 
prior to the study to allow accurate rectal catheter pressure readings [ 9 ]. If patients 
are already on a bowel program, rectal suppositories or enemas should be adminis-
tered with enough time prior to the study to allow the medication to take effect and 
avoid bowel movements during the procedure. 

 UDS can be performed in the supine, sitting, standing positions, or even while 
ambulating [ 10 ]. Many patients with NGB have signifi cant limitations in their mobility 
that do not allow them to sit on or stand at a commode like a typical patient. Keeping 
in mind that many patients do not void into a toilet, it is perfectly acceptable for neu-
rogenic patients to be in the supine position for urodynamic testing. It is important that 
they are comfortable and that excess pressure on any limbs is avoided as this may lead 
to skin breakdown or even autonomic dysrefl exia (AD). If performing a study with 
fl uoroscopy (   FUDS), it is ideal for patients to be placed in an oblique position to allow 
for better visualization of the bladder neck. In this case, voided urine may be collected 
in a wide-bore drainpipe with length to reach the fl owmeter. When possible, patients 
who volitionally void may be able to sit on a commode more easily which would allow 
for measurement of pressure-fl ow. Patients might require study repetition in multiple 
positions, especially if expected results are not achieved in the supine position.  

    AD: Recognition and Management 

 The fi rst case of autonomic dysrefl exia (AD) was fi rst described as hot fl ushes in a 
C5 SCI patient by Hilton in 1960 [ 11 ]. Subsequent reports included patients with a 
variety of symptoms including hot fl ushes, sweating with bradycardia, and an 
increase in blood pressure (BP) associated with a distended bladder [ 12 ,  13 ]. In 
1947 Guttman and Whitteridge then more fully described the autonomic response 
after distension of the abdominal viscera leading to effects on cardiovascular activ-
ity in SCI patients [ 14 ]. 

 AD occurs in approximately 60 % of cervical and 20 % of thoracic SCI patients. 
The most common etiology is bladder or rectal distension, either spontaneous or by 
instrumentation. Other etiologies include plugged catheters, urinary tract stones, 
long bone fracture, decubitus ulcers, or even electroejaculation. 

 Classic signs of AD include an increase in BP with bradycardia, although true 
bradycardia is only seen in approximately 10 % of patients. In fact, tachycardia or 
no signifi cant change in heart rate is more common in patients with AD. Other signs 
may include cardiac arrhythmias, changes in skin temperatures (vasodilation above 
the lesion, vasoconstriction below the lesion), or changes in mentation. 

 Common symptoms include sweating above the lesion, pounding headache, hot 
fl ushes, piloerection, nasal congestion, dyspnea, and anxiety. Although we think of 
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patients presenting with these classic symptoms, some patients may be entirely 
asymptomatic. A study by Linsenmeyer et al. [ 15 ] demonstrated that 35 of 45 patients 
with SCI above T6 were asymptomatic with a signifi cant elevation of BP. This 
stresses the importance of monitoring BP during procedures as AD may be missed in 
an asymptomatic patient with possible devastating outcomes including seizures, 
stroke, or even death. During a UDS study it is generally recommended to obtain a 
baseline BP and cycle the BP during regular intervals throughout the study (Fig.  9.1 ).

   When AD is recognized, the fi rst course of action should be removal of the stimu-
lus. Usually this means ensuring that a patient’s catheter is draining appropriately, 
checking for fecal impaction, or if performing a urologic procedure, immediate emp-
tying of the bladder. It is also recommended to move the patient upright and remove 
any tight clothing or constrictive devices [ 16 ]. If this does not alleviate symptoms 
and/or decrease BP, one can move to pharmacologic agents. No particular pharma-
cologic agent is preferred for acute AD, and multiple drugs have been used: nifedip-
ine, nitrates, captopril, terazosin, prazosin, phenoxybenzamine, and Prostagladin E2. 

 Nifedipine, a calcium channel blocker, has been the most popular pharmacologic 
agent for management of acute AD. The usual dose is 10 mg oral and the patient is 
asked to chew and swallow the medication for optimal absorption. The use of nife-
dipine is falling out of favor secondary to adverse events seen in management of 
hypertensive emergencies (not SCI), which include stroke, heart attack, severe 
hypotension, and death [ 17 ]. Nitrates have been used for acute AD, but should be 
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  Fig. 9.1    Autonomic dysrefl exia. Elevation in blood pressure associated with a detrusor contraction 
and detrusor-sphincter dyssynergia during UDS in a quadriplegic patient.  # Neurogenic detrusor 
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used with caution, especially in patients who use PDE5 inhibitors because of drug 
interaction. Topical nitrates are easy to use and can be removed quickly if necessary. 
Typically they are placed on the shoulders or arms, above the level of injury. 
If patients have a history of AD, consideration of providing pharmacological 
 prophylaxis 30 min prior to a urologic procedure including UDS would be 
appropriate. 

 Patients with recurrent AD can be managed prophylactically. Terazosin 5 mg 
nightly has been used without change in BP or erectile function [ 18 ]. Vaidyanathan 
et al. [ 19 ] titrated terazosin from 1 to 10 mg daily in 18 patients with resolution of 
AD in all patients. One patient did require discontinuation secondary to dizziness. 

 Although prophylaxis has been effective in prevention of AD, it is important to 
continue to monitor during any urologic procedure, including UDS. Other prophy-
lactic medications include prazosin and phenoxybenzamine, and intravesical botu-
linum toxin and capsaicin have been demonstrated to decrease AD episodes, but 
further studies are required. If conservative measures still do not alleviate AD, 
sacral denervation has been described, but studies are confl icting on their effective-
ness of eliminating AD.  

    Infection 

 UTI is a signifi cant potential cause of morbidity as well as potential source for 
upper tract damage in patients with NGB. Patients with SCI are at a higher risk of 
infection simply due to how they manage their bladder, whether it is refl ex voiding, 
intermittent catheterization, indwelling catheter, or urinary diversion. In a study of 
112 patients with SCI, 75 % of patients had positive cultures as defi ned by >10 3  
colony forming units (CFU) [ 20 ]. The patients managed by IC had lower rates of 
positive cultures, lower CFU, and lower number of species growing than those man-
aged with indwelling SPT, urethral catheter, or refl ex voiding. It is important to 
note, despite the use of IC, 70 % of these patients still had positive cultures. This is 
especially important when considering when to perform UDS. 

 Böthig et al. [ 21 ] looked at rates of UTI associated with UDS performed on hos-
pitalized patients, excluding those who had already been treated or patients with 
indwelling catheters, fi nding that 30 % of patients had unsuspected bacteriuria 
defi ned as ≥10 5  CFU. After patients underwent UDS, 88 % of the patients who were 
sterile prior to UDS remained sterile 3–5 days later, whereas 50 % of patients with 
bacteriuria prior to UDS had sterile cultures later. Patients who utilized refl ex void-
ing were at highest risk to have UTI (defi ned as bacteriuria and ≥100 leukocytes/μL 
urine), though this group was only 19 patients. 

 In general it is not advised to give antibiotic prophylaxis to NGB patients under-
going UDS as there is no consistent evidence that prophylaxis provides signifi cant 
benefi t and may in fact promote antibiotic resistance, which is a common problem 
in NGB patients.  
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    Use of Fluoroscopy or Video Urodynamics 

 Often patients with NGB have symptoms that are diffi cult to differentiate, especially 
when evaluating incontinence and incomplete bladder emptying. This is particularly 
challenging for aging male patients with concomitant benign prostatic enlargement 
(BPE) or female patients with concomitant prolapse. FUDS allows one to evaluate 
multiple aspects of both fi lling and voiding. AUA guidelines state, “When available, 
clinicians may perform fl uoroscopy at the time of urodynamics (videourodynamics) 
in patients with relevant neurologic disease at risk for neurogenic bladder…” [ 22 ]. 

 In the fi lling and voiding phases, upper tract dilation can be seen with elevated 
bladder pressures, and may be associated with vesicoureteral refl ux (VUR) [ 9 ]. 
Upper tract dilation is seen much less commonly in females than males. FUDS 
allows one to assess bladder pressures and visualize the bladder and upper tracts to 
assess for VUR. Frequently patients with VUR and a poorly compliant bladder have 
a “Christmas tree” appearance with severe trabeculations and massively dilated 
upper tracts (Fig.  9.2 ). The clinical consequences of VUR include increased risk of 
pyelonephritis and permanent renal scarring.

  Fig. 9.2    Vesicoureteral Refl ux. ( a ): Patient with a poorly compliant “Christmas Tree” appearance to 
her bladder without VUR. ( b ): Patient with a trabeculated bladder with bilateral VUR during voiding       
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   During the voiding phase, the bladder outlet can be assessed for functional or 
anatomic obstruction. Patients with suprasacral SCI may have detrusor external 
sphincter dyssynergia (DESD) with or without bladder neck dyssynergy and in such 
patients the bladder neck will not open and funnel during voiding. In the case of 
BPE, incomplete bladder neck funneling may be present, but a prostate shadow may 
also be seen in the bladder. For assessment of patients with incontinence, FUDS 
provides visualization of the bladder neck during Valsalva maneuvers at which time 
leakage may be identifi ed. 

 Fluoroscopy is also helpful in identifying other potential issues in patients with 
NGB including bladder stones, bladder diverticulae, and VUR.  

    Electromyelography 

 Also very useful in patients with NGB is the use of sphincter electromyelography 
(EMG). Sphincter EMG may be used to confi rm denervation of the pelvic fl oor 
musculature or to identify discoordination of the urethral sphincter [ 10 ]. Sphincter 
EMG can be performed using surface electrodes, i.e., pads, or needle electrodes. 
Needle electrodes are usually reserved for SCI patients without sensation. In the 
past surface electrodes were mounted on sites on the urethral and anal catheters. 
However, currently sticky pads are used and placed around the anus. 

 EMG is very helpful to evaluate patients for DESD. Patients with DESD have 
increased sphincter activity during the voiding phase (Fig.  9.1 ), to the point where 
it might suppress a detrusor contraction and not allow satisfactory bladder empty-
ing. This is often relevant when following patients after external sphincterotomy 
when assessing bladder emptying in such patients [ 23 ].     
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    Chapter 10   
 The Normal Study 

             Michelle     E.     Koski       and     Eric     S.     Rovner     

           Introduction 

 In practice, particularly in a specialized practice, it may be rare that one encounters 
a normal urodynamic study. Generally, patients may be referred for refractory or 
complex issues. Patients with less complicated issues may show treatable etiologies 
based on symptoms, physical exam, or other non-invasive studies such as voiding 
diaries and post-void residual determination. Other patients may improve with 
symptom directed therapies, precluding the need for urodynamics. In order to defi ne 
and assess a normal study, one must be aware of the normal values in each measur-
able parameter, as well as the appearance, pattern, and confi guration of the graphic 
display, and the variability that is noted in these parameters, even in normal, asymp-
tomatic patients [ 1 ,  2 ]. Additionally, it is important to take into account possible 
issues with symptom reproducibility that would require a need to optimize the study 
to better capture urodynamic fi ndings associated with symptoms (as discussed in 
Chaps.   5     and   7    ) or whether catheter dampening or other artifact may be masking 
actual existing fi ndings (discussed in Chap.   6    ).  
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    Normal Filling Cystometry 

 Normal urine storage is facilitated by sympathetic refl exes as well as somatic input. 
Sympathetic infl ow inhibits bladder activity during bladder fi lling while promoting 
closure of the bladder outlet. Somatic refl exes mediated through the pudendal nerve 
augment bladder outlet closure forces and may also suppress activity of the detru-
sor. Viscoelastic properties of the bladder wall allow fi lling without an appreciable 
rise in bladder pressure. On fl uoroscopy during fi lling cystometry with a radiopaque 
contrast agent, the bladder will be visualized as a smooth walled, distensible viscus, 
without visualization of the ureters (absence of vesicoureteral refl ux), or urethra 
(absence of incontinence), with the bladder outlet closed at rest. The location of the 
vesicourethral junction or bladder neck can be identifi ed by the location of the fi ll-
ing urethral (vesical) catheter as it is fi lled with the radiopaque contrast agent. 

    Coarse Sensation and Capacity 

 It has been noted that there is signifi cant variability in sensation parameters in cys-
tometry in normal patients. This is even in nominally similar patients accounting for 
variations associated with differences in fi lling rate, infusate temperature, or patient 
temperature [ 1 ]. The ICS defi nes normal bladder sensation by three defi ned points 
during fi lling cystometry, as listed in Table  10.1  [ 3 ]. Maximum cystometric capacity 
is the bladder volume at which the patient cannot delay micturition and is the sum 
of the volume voided and residual volume. In eight different studies, mean fi rst 
sensation of fi lling (FSF) varied from 100 to 350 cc, mean fi rst desire to void (FDV) 
ranged from 170 to 325 cc, and mean strong desire to void (SDV) 260–450 cc [ 1 ]. 
The 4th International Consultation on Incontinence [ 1 ] attributes this to a possible 
lack of standardization of defi nition between studies.

   The ICI cites a general guideline for normal sensation parameters during fi lling 
cystometry in healthy adult subjects as follows: FSF at 170–200 ml, FDV at 250 ml, 
and SDV at about 400 ml, with maximum cystometric capacity at around 480 ml [ 1 ]. 
However this is only a guideline and actual values in the “normal” population may 

      Table 10.1    ICI guideline for normal sensation parameters   

 Bladder sensation 
during fi lling cystometry  Defi nition 

 Suggested 
normal range (ml) 

 First sensation 
of bladder fi lling 

 Sensation when the patient fi rst becomes aware 
of the bladder fi lling 

 170–200 

 First desire to void  Feeling that would lead the patient to pass urine 
at the next convenient moment, but voiding can 
be delayed if necessary 

 ~250 

 Strong desire to void  A persistent desire to void without the fear of 
leakage 

 ~400 
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vary considerably. In a group of 50 normal volunteers, Wyndaele and De Wachter 
[ 4 ] found that cystometric sensation points were signifi cantly lower in females than 
males, but also found that there was a signifi cant difference in weight in the 
two groups which could infl uence bladder capacity. In children, the expected 
bladder volume (EBV) may be calculated from the Koff formula ([age in 
years + 2] × 30 = EBV ml) in older children, and by the formula (38 + [2.5 × age in 
months] = EBV in ml) in infants [ 5 ]. Ultimately, bladder sensation is dependent on a 
subjective report from a patient who is in extraordinarily unnatural circumstances. 
Such factors as indwelling urethral and rectal catheters, pain from urethral catheter-
ization, abnormal positioning on a chair (not a toilet), while being publicly observed 
by the study technician during a very private act can signifi cantly alter a patients 
perspective and thus likely accounts for some variability and even artifact. 
Techniques to improve patient comfort and understanding of fi lling sensation points 
are outlined in Chap.   7    . However, ultimately there are studies that show correlation 
of patient report with objective data. In healthy volunteers it has been found that the 
cystometric bladder fi lling sensations correspond to the fi lling sensations reported 
on frequency volume charts [ 6 ].  

    Compliance 

 Bladder compliance is the relationship between change in bladder volume and 
change in detrusor pressure and is measured in ml/cm H 2 O. Per ICS recommenda-
tion, compliance is usually calculated over the change in volume from an empty 
bladder to that at MCC or immediately before the start of any detrusor contraction 
that causes signifi cant leakage. Both detrusor pressure measurements (at the start of 
fi lling and at MCC respectively) in the calculation of compliance are measured 
excluding any detrusor contraction [ 1 ,  3 ]. 

 The rise in bladder pressure in a normal individual is barely perceptible in the 
absence of an involuntary bladder contraction. This unique property of bladder 
smooth muscle is likely due to a combination of active and passive phenomena. 
Studies of fi lling cystometry with physiologic fi lling rates in healthy subjects reveal 
mean compliance values from 46 to 124 ml/cm H 2 O. The overall range in these 
studies of normal, asymptomatic subjects is broad, 11–150 ml/cm H 2 O in one study 
of 17 subjects and 31–800 ml/cm H 2 O in another [ 1 ]. Additionally, the actual per-
formance of fi lling cystometry may provoke higher pressure increases than what is 
seen with physiological fi lling of the bladder, as has been seen in studies comparing 
fi lling cystometry to ambulatory urodynamics [ 7 ]. In a study of adult patients, Weld 
et al. [ 8 ] proposed a critical compliance value of 12.5 ml/cm H 2 O, based on studies 
of adults with neurogenic bladder. 

 In defi ning normative values and placing such numbers in a clinical context, it is 
important to understand that compliance is a mathematical calculation: intravesical 
pressure divided by the bladder volume at bladder capacity. From prior studies of 
intravesical pressure, 40 cm H 2 O bladder storage pressure is the value at which the 
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antegrade transport of urine from the upper tract function is compromised and such 
a pressure puts the kidneys at jeopardy [ 9 ]. In patients with diminished compliance 
and sustained high intravesical storage pressure during fi lling, it is clinically advan-
tageous to maintain low bladder volumes such that intravesical pressure is consis-
tently kept below this critical level. This is most often done by continuous bladder 
drainage (catheterization) or frequent voiding or catheterization intervals such that 
intravesical volume and thus pressure is maintained in a safe range. It should be 
noted that this often quoted study regarding the risk of elevated intravesical pressure 
is related to children with myelodysplasia and may not be relevant for non-pediatric 
age groups and furthermore, the risk of upper tract deterioration may occur at pres-
sures less than 40 mm H 2 O. 

 It has been suggested that bladder compliance is a more complicated entity in 
pediatric practice because it is related to bladder volume which increases with age. 
Small pediatric bladders may be more affected by fi lling rates during urodynamics, 
and as such, slow fi lling rates are preferable. The Committee of the International 
Childrens’ Continence Society cites a rule of thumb that 10 cm H 2 O or less as an 
absolute value at expected bladder capacity is acceptable. Additionally, they recom-
mend that as there are no reliable reference ranges for compliance in infancy and 
childhood, attention be directed more toward the shape of the curve than numbers, 
looking to see if it is linear or nonlinear, and if nonlinear, in what way it deviates 
from linearity [ 5 ].  

    Contractions 

 The occurrence of involuntary detrusor contractions or detrusor overactivity (DO) 
may be observed in normal, asymptomatic patients during urodynamics. A variety 
of studies have shown DO in up to 17 % of normal patients, with a mean occurrence 
of roughly 8 % [ 1 ]. The signifi cance of this is unknown. It may be situational, due 
to sensitivity or trauma of the urethral catheter or to infusate temperature or rate. 
Although it can occur in normal patients, in the majority of studies, DO comprises 
a signifi cant urodynamic fi nding that may explain a number of storage symptoms 
especially in those cases where it reproduces the patient’s presenting complaints.  

    Continence 

 For continent individuals there should not be a demonstrable Valsalva or abdominal 
leak point pressure. Patients with adequate sphincter function and without symp-
toms of stress incontinence will not leak under any increased physiologic abdomi-
nal pressure [10]. There is no “normal” abdominal leak point pressure. Thus, when 
doing an urodynamic study, the demonstration of urinary leakage during stress 
maneuvers such as cough or Valsalva in an individual without complaints of urinary 
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incontinence is potentially artifactual due to the circumstances of the study. 
Of course, the patient who demonstrates a Valsalva leak point pressure on urody-
namics but does not have the complaint of SUI should be carefully requestioned to 
be sure that this does not reproduce any of their symptoms. It is important to note 
that a lack of leakage in a symptomatic patient with complaints of urinary inconti-
nence should be further investigated. In such individuals, particular provocative 
maneuvers such as shifting position, or running water during the UDS exam will 
potentially unmask and demonstrate incontinence. Furthermore, 15 % of women 
with SUI and 35 % of men with postprostatectomy SUI who are stress continent 
during the UDS exam will demonstrate an ALPP with the urethral catheter removed 
[10]. If prolapse is present, stress incontinence should be tested for with the 
prolapse reduced in order to exclude occult stress incontinence.   

    Normal Emptying 

 The normal voiding sequence is a coordinated neuromuscular event initiated with 
the activation of the micturition refl ex. The fi rst recordable event in both voluntary 
and involuntary voiding is the relaxation of the urethral sphincteric complex, which 
can be visualized on EMG as a decreased signal. This relaxation results in a decrease 
in urethral pressure followed closely by a rise in detrusor pressure with opening of 
the bladder neck and urethra and initiation of urine fl ow [ 11 ]. Flouroscopy during 
voiding in a normal patient will demonstrate bladder neck funneling and an open 
urethra with no narrowing or abnormal dilation. 

    Contractility, Clinical Obstruction, and Complete Emptying 

 The ICS defi nes normal voiding as a voluntary continuous contraction that leads to 
complete emptying in a normal time span in the absence of obstruction [ 3 ]. In the 
normal bladder, as volume increases and the detrusor muscle fi bers become more 
progressively stretched, there is an increase in the potential bladder power and work 
associated with a contraction. This is most pronounced in the range from empty up to 
150–250 ml bladder fi lling volume. At volumes higher than 400–500 ml, the detrusor 
may become overstretched and contractility may decrease again [ 12 ]—however, this 
number may be higher in patients who have exceptionally large bladder volumes 
[ 11 ]. Normal detrusor function is incompletely defi ned solely by absolute values of 
detrusor pressure because emptying is also related to outlet resistance. For this rea-
son, emptying is best defi ned through comparison of contractile pressures to their 
resulting fl ow rates. Multiple nomograms have been developed to classify this rela-
tionship, which will be discussed in Chap.   19    . The majority of these nomograms 
were developed in male patients. The bladder outlet obstructive index (BOOI) 
(Fig.  10.1 ), which was derived from the Abrams Griffi ths and Schafer nomograms 
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  Fig. 10.1    ( a ) Nomograms and formulas defi ning obstruction and contractility. BOOI =  P  det  Q  max  −
(2 ×  Q  max ), BCI =  P  det  Q  max  + 5( Q  max ), ICS nomogram. ( b ) Composite nomogram       
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and is the basis for the ICS provisional nomogram, plots  Q  max  against  P  det @ Q  max  to 
categorize (male) patients as obstructed, unobstructed, or equivocal. Men are consid-
ered obstructed if BOOI is greater than 40, unobstructed if BOOI is less than 20, and 
equivocal if 20–40. The bladder contractility index (BCI) is derived from Schafer’s 
nomogram (formula in Fig.  10.1 ). Strong contractility is a BCI greater than 150, 
normal contractility a BCI of 100–150, and weak contractility a BCI of less than 100 
[10]. A composite nomogram incorporates the BOOI and BCI to categorize patients 
into one of nine groups characterizing the spectrum of obstruction and contractility 
(Fig.  10.1 ) [10].

    Female patients generally show lower  P  det @ Q  max  values than men. Empirically, 
in women, although somewhat controversial, urethral obstruction has been defi ned 
by some authors as  P  det @ Q  max  > 20 cm H 2 O and  Q  max  < 12 ml/s and impaired detrusor 
contractility as  P  det @ Q  max  < 20 cm H 2 O and  Q  max  < 12 ml/s (as compared to an 
empiric cutoff of 40 cm H 2 O for  P  det @ Q  max  in male patients) [ 11 ]. 

 Impaired detrusor contractility is characterized by a weak detrusor contraction 
and a low urofl ow. It should be noted that in some patients with low urethral resis-
tance, complete voiding may be accomplished by pelvic relaxation without a sig-
nifi cant rise in detrusor pressure. This is considered a normal variant by some 
authors, explained by the fact that when the detrusor refl ex is activated there is no 
counteractive urethral resistance and the energy is converted to fl ow. In these 
patients there may be a very low or no visible rise in detrusor pressure [ 11 ]. 

 In all considerations of the pressure fl ow study it should be kept in mind that the 
maximum fl ow rate recorded during pressure fl ow studies is lower than during free 
fl ow. The explanation is not as basic as simple obstruction from the catheter, as this 
phenomenon has been observed in suprapubic pressure fl ow studies as well. 
Possible complex causes might include psychogenic or physiologic causes related 
to  artifi cial bladder fi lling [ 12 ]. It is recommended that a free urofl ow and post-void 
residual be compared to the pressure fl ow voiding fi ndings [ 1 ]. A normal urofl ow 
curve should be roughly bell shaped, continuous, and not fl uctuating. Urofl ow is 
dependent on the voided volume, and nomograms such as the Siroky et al. [ 13 ] 
(developed for male patients) and Liverpool [ 14 ] (developed for male and female 
patients) nomograms which standardize maximum and average fl ow rates for 
voided volumes. Normal maximum fl ow rate ranges are about 20–25 ml/s in men 
and 25–30 ml/s in women. 

 Post-void residual (PVR) volumes vary, and one given measurement of PVR 
may not be accurately representative of typical voiding patterns [ 1 ]. PVR, as a 
measurement in general, increases in reliability when measured on multiple occa-
sions. The ICI has concluded that in review of the literature, there is not an evi-
dence based specifi c maximum PVR that is considered normal [ 1 ]. The Agency for 
Health Care Policy and Research cite a general rule of PVR less than 50 ml to be 
adequate emptying and over 200 ml to be inadequate bladder emptying [ 15 ]. Lastly, 
and importantly, in the setting of urodynamics, it should always be taken into 
account whether the patient felt that the study represented a typical voiding 
pattern.  
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  Fig. 10.2    Filling cystometry: patient suppresses detrusor contraction with directed pelvic fl oor 
contraction       
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    Coordination of Sphincters 

 Normal urine storage is facilitated by a number of physiologic mechanisms that 
may be seen on the EMG tracing [ 11 ]. As the bladder fi lls, there should be a gradual 
increase in sphincter EMG activity. Oftentimes, such a subtle increase is not seen on 
the urodynamic tracing due to the artifact resulting from the use of patch as opposed 
to needle EMG electrodes. During cough or strain, a refl ex increase in sphincter 
activity should register on the EMG in a normal patient. Suppression of involuntary 
detrusor contractions by pelvic fl oor contraction may also be seen (example in 
Fig.  10.2 ). Assessment of EMG tracings is complicated by the fact that it may be 
technically diffi cult to obtain good quality EMG signals of the desired muscle 
groups with patch electrodes which are the type most commonly utilized in clinical 
practice. Needle electrodes, while more accurate in recording pelvic fl oor activity, 
are technically diffi cult to place, painful for the sensate patient, invasive, and expen-
sive. Remarkably, there have been no publications in the last 20 years investigating 
the benefi ts of combining EMG with cystometry [ 1 ]. 

  Example 1 
 Clinical History: 65-year-old female presenting with urge predominant mixed uri-
nary incontinence, using 2–3 light pads per day (“silver-dollar-sized leakage”). 
Stress incontinence is rare and is precipitated by cough or sneeze. She has had 
unsatisfactory response to anticholinergics and signifi cant dry mouth. She has no 
prolapse or demonstrable stress incontinence on exam (Fig.  10.3 ).

     Commentary on Example 1 
 This tracing demonstrates no increase in  P  det  over the course of fi lling. There is 
normal compliance and no detrusor overactivity. There was no stress incontinence 
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with cough or graduated Valsalva at 150 cc and 193 cc. Initial sensation was appro-
priate, with fi rst sensation of fi lling at 143 cc, but fi rst desire to void (150 cc) and 
strong desire to void (173 cc) followed shortly thereafter and bladder capacity was 
low, at 218 cc. She voids with an appropriate and adequate detrusor contraction, 
with complete emptying. The fl ow curve is continuous, but slightly blunted.  Q  max  is 
17.2 ml/s. The EMG tracing was quiet throughout fi lling, with appropriate fl aring 
with cough and Valsalva. There is artifact present in the voiding tracing in the EMG 
portion, when the transducer became wet.  

 The quality of the tracing is good. The catheters transmit appropriately, and the 
only artifact present is in the EMG. 

 This is a normal study, with the exception of perhaps an increased bladder sensa-
tion and reduced capacity. It should be noted, though, that provocative maneuvers 
on a subsequent fi ll provoked fi ndings to further support the patient’s symptoms. 

  Example 2 
 Clinical History: 70-year-old female presenting with urinary frequency and urge 
incontinence, initially improved with anticholinergics with declining effect. Past 
medical history is signifi cant for craniotomy for an anterior fossa tumor 6 years 
prior and hysterectomy 30 years prior for metromenorrhagia. This study is pre-
sented in two pages due to the length of the study (Fig.  10.4a–c ).

     Clinical Commentary for Example 2 
 This tracing demonstrates essentially normal fi lling. Initial sensation of bladder 
fi lling was appropriate with FSF at 175 cc, although capacity is low, at 284 cc. 
There was no detrusor overactivity, despite provocative maneuvers of change in 
fi ll rate and positional change. There was no stress incontinence with cough and 
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  Fig. 10.3    Example 1       
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Valsalva at 150 cc or 225 cc, or with vesical catheter removed. The  P  det  line shows 
rhythmic decreases secondary to rectal contractions causing isolated increases in 
the P abd  line. Bladder compliance was normal. She was unable to void with the 
vesical catheter in. Once the vesical catheter was removed, visualized in the sec-
ond frame with the precipitous drop in P ves  and  P  det , she was able to void. Since the 
P ves  catheter was removed, detrusor contractility cannot be assessed. However, we 
can see that she did not mount any increase in abdominal pressure during her void 
suggesting that she did not void by Valsalva. The EMG is appropriately quiet, the 
urofl ow curve is continuous and bell shaped, and on fl uoroscopy she has normal 
bladder neck  funneling and an open and nondilated urethra. Her  Q  max  is 25 ml/s. 
She empties completely. This would indicate a normal void.  
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  Fig. 10.4    ( a – c ) Example 2         
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 The quality of the tracing is good. There is appropriate catheter calibration and 
transmission and no artifact. The fact that she could only void with the catheter out 
is a shortcoming, but not uncommon, and there is adequate supplemental informa-
tion that can be derived from the study to support her voiding pattern. However, her 
urgency and urge incontinence were not able to be replicated. 

  Example 3 
 A 57-year-old male who sustained a fall at work that led to an L3–L4 laminectomy. 
Two years later he informed his workers compensation insurance company that he 
was having urinary urgency, frequency, and urge incontinence and erectile dysfunc-
tion, reportedly since the time of the initial injury, and he was sent for urodynamic 
study. Pad test yielded 36 g (Figs.  10.5 a and b ).

      Clinical Commentary for Example 3 
 This tracing demonstrates a slight decrease in P abd  without a concomitant rise in P ves  
(annotated by arrow on  P  det  line) which causes a transient increase in  P  det . However, 
compliance is normal. There was no detrusor overactivity. Sensation of fi lling was 
normal (fi rst desire to void at 225 cc and strong desire at 469 cc), as was capacity at 
525 cc. The EMG tracing was quiet throughout with appropriate fl aring with cough-
ing and laughing, and also with a slight fl are midway through his void, consistent 

Fig. 10.4 (continued)
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  Fig. 10.5 b    Voiding image       
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  Fig. 10.5 a    Example 3       

with guarding. There is a decrease in  P  det  concomitant with the EMG fl are. He felt 
that this void was not indicative of his home voiding pattern. Bladder emptying was 
accomplished by an adequate detrusor contraction and was complete. The fl ow 
curve is somewhat irregular in the fi rst third, but then becomes parabolic in shape. 
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He does show a suggestion of an aftercontraction, which would be consistent with 
his clinical history of urgency, as this is sometimes related to overactivity, although 
no DO was demonstrated on the study.  P  det  at  Q  max  was 64 with  Q  max  of 29, yielding 
a BOOI of 6. There was no evidence of obstruction. An uninstrumented urofl ow 
showed a normal fl ow curve. Flouroscopy imaging demonstrates closed bladder 
neck and a smooth walled bladder at rest (not shown), and normal bladder neck fun-
neling and delineation of the urethra with voiding. There is an artifactual appear-
ance of widening in the distal urethra secondary to a turn in the urethra.  

 The clinical signifi cance of the fi nding on this tracing is inconclusive, in terms of 
looking for neurogenic characteristics related to his back injury. It is a normal study, 
with the exception of the aftercontraction and the initially abnormal appearance of 
the urofl ow. It is important to recognize that DO may not be reproduced on an uro-
dynamic tracing, again emphasizing the importance of reproducing the patients 
symptoms during the study. Repeating the study with provocative maneuvers may 
result in DO.      
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    Chapter 11   
 Bladder Filling and Storage: “Capacity” 

             Ariana     L.     Smith      ,     Mary     Y.     Wang     , and     Alan     J.     Wein    

           Introduction 

 Bladder capacity is a measure used to estimate the volume of urine a patient can 
comfortably hold. It can be determined in many ways and often changes from void 
to void making it a rather imprecise measure of the true amount of urine the bladder 
is able to hold. The ability of bladder capacity measures to accurately predict the 
cause of bladder symptoms such as frequency or urgency of urination is limited but 
provides the clinician with a general idea of bladder dynamics, toileting patterns, 
and impact on patient quality of life. Patients often report decreased bladder capac-
ity, or the subjective symptom that their bladder does not hold as much as it used to, 
based on a more frequent desire to go to the toilet. Complaints such as “I have a 
small bladder” or “my bladder shrunk” are common reports as are “I must rush” and 
“sometimes I don’t make it.” A frequency–volume chart or voiding diary may pro-
vide slightly more objective measures of bladder capacity but does not insure the 
bladder was actually  full  at the time of voiding since the decision to void is often 
made out of convenience, opportunity, or fear of needing a toilet when one may not 
be available. Frequency–volume chart measures refl ect a large range of volumes at 
which the patient chose to go to the toilet (Table  11.1 ) and rarely are these annotated 
with the reason why the patient chose to void.

   From the frequency–volume chart maximum and average-voided volumes can be 
determined as can the median functional bladder capacity which is defi ned as the 
median maximum voided volume during every day activities [ 1 ]. A 3-day chart is 
preferred and will likely demonstrate a greater range of voided volumes and a larger 
maximum voided volume than a 1-day diary [ 2 ]. 
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 Normal bladder capacity should be considered as a wide range of acceptable 
values and likely varies with age and 24-h urine volume [ 2 ]. In children, normative 
values for bladder capacity were initially estimated using linear functions versus 
age; [ 3 ] however, this method was found to substantially underestimate bladder 
capacity and not account for the upper and lower limits of normal [ 4 ]. Despite its 
shortcomings linear equation estimates are often referenced as a measure of norma-
tive values [ 5 ]. Further studies have suggested that bladder capacity correlates loga-
rithmically with age in children to account for a growing bladder and should be 
interpreted as normal within two standard deviations of the mean (between the 5th 
and 95th percentiles) [ 6 ]. 

 Cystometry is a component of urodynamic testing that measures the pressure–
volume relationship of the bladder. It is also used to assess bladder capacity, compli-
ance, sensation, and uninhibited bladder contractions. The cystometrogram is a 
graphic representation of the pressure volume relationship annotated with patient 
reported sensations and other important fi ndings. Sensations are purely subjective 
and therefore depend on a cooperative and informed patient for reliability. The arti-
fi cial environment in which cystometry is performed including the non-physiologic 
retrograde fi lling of the bladder can produce artifacts in the results. A nervous or 
fearful patient, or one who is experiencing discomfort from the urodynamic  catheter, 

   Table 11.1       Bladder diary       
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may report sensations and symptoms that are not refl ective of their presenting 
 bladder complaint. Conversely, a sedated or stoic patient may not report sensations 
refl ective of their complaint. 

 Cystometric capacity is the bladder volume at the end of fi lling cystometry when 
the patient reports a normal desire to void. It is generally the point where permission 
to void is given; however, in some situations further volume may be infused. 
Maximum cystometric capacity is the volume at which a patient reports that they 
cannot hold any more in their bladder and can no longer delay voiding [ 1 ]. The end 
point for bladder fi lling should be well annotated on an urodynamics tracing such 
that the clinician interpreting the information can properly categorize the fi nal 
infused volume as either cystometric capacity or maximum cystometric capacity. 
Capacity measures refl ect not only voided volume, but also post-void residual urine. 
An idealized pressure–volume relationship demonstrates a detrusor pressure near 
zero during the fi lling phase until cystometric capacity is reached, and generation of 
detrusor pressure corresponding to the initiation of voluntary voiding (Fig.  11.1 ).

       Measuring Cystometric Capacity 

 Good Urodynamics Practices are outlined in Part 1 of this book but are briefl y 
reviewed here in relation to cystometric capacity measurement. Initial bladder vol-
ume and detrusor pressure should be zero at the start of an urodynamic study. This 
is achieved by emptying the bladder to completion with a catheter prior to placing 
the sensor tipped urodynamic catheter. In addition, vesical pressure and abdominal 
pressure should be equalized to establish a subtracted detrusor pressure of zero. 
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  Fig. 11.1    Idealized 
pressure–volume relationship 
demonstrating low pressure 
storage during the fi lling 
phase and a rise in pressure 
during the voiding phase. 
Adapted from Campbell- 
Walsh urology, 10th ed., 
Elsevier; 2012       
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Bladder fi lling begins at a rate determined by the urodynamicist, usually between 10 
and 100 ml s/min. This rate may be held constant throughout the study or may be 
altered in response to patient parameters. The patient will also make urine at a rate 
determined by their hydration status and underlying renal function contributing to 
the volume in the bladder during the study. Given the short duration of time over 
which an urodynamic study is typically performed this latter contribution is often 
ignored. There is data to suggest however that natural fi lling during cystometry 
should be accounted for since it may occur at a rate of 6.1 ml/min, increasing blad-
der capacity 14 % [ 7 ]. Other studies have suggested a rate of 1.4 ml/min increasing 
capacity 12.1 % [ 8 ]. Instructions given to patients regarding hydration and the “need 
to come with a full bladder” may infl uence the rate of urine production during the 
urodynamics test. Specifi cally, when patients are informed that they must give a 
urine sample or perform a non-invasive urofl ow on arrival they may drink exces-
sively before testing [ 7 ]. In addition, prolonged set up and testing time can further 
increase the contribution of natural fi lling to infused volume, impacting the accu-
racy of capacity measures [ 8 ]. 

 Sensation during fi lling cystometry is reported by the patient and documented on 
the urodynamics tracing. Once a normal desire to void is reported by the patient, 
cystometric capacity is documented. Next, the patient may be instructed to report 
when he or she can no longer delay micturition and this volume is recorded as maxi-
mum cystometric capacity. The capacity measures obtained should be compared to 
the voided volumes noted on the frequency–volume chart to ensure consistency and 
reliability of the urodynamic test measures. Artifact secondary to the non- 
physiologic fi ll rate and abnormal situation of being observed during a normal pri-
vate process can impact measurements obtained. Repeat fi ll cycles of the bladder 
may be needed and are encouraged to accurately interpret bladder capacity. Abrams 
has correlated patient reported sensation during urodynamic testing with maximum 
cystometric capacity. He found that fi rst sensation of bladder fi lling correlated with 
roughly 50 % of maximum capacity while normal desire to void and strong desire 
to void correlated with 75 and 90 %, respectively [ 9 ]. 

 In situations where abnormal bladder function exists, cystometric capacity may be 
reached before the patient can report a desire to void. For example, in patients with 
impaired sensation, cystometric capacity is the volume at which bladder fi lling was 
stopped. There can be several reasons for stopping and this should be well annotated on 
the urodynamics tracing. With impaired compliance, high detrusor pressures may 
prompt the urodynamicist to stop fi lling; in other situations, pain, involuntary voiding, 
or a maximum predetermine fi lling volume may prompt discontinuation. Detrusor 
overactivity or impaired compliance may lead to leakage of urine before the patient 
reports sensation of fullness; in these situations, cystometric capacity is measured as the 
volume at which leakage began. In the setting of sphincteric incompetence, capacity 
measures may be artifi cially low due to passive leakage across the sphincter. Occluding 
the urethral outlet with a catheter balloon can increase capacity measures. Maximum 
cystometric capacity is only defi ned for patients with normal bladder sensation and 
therefore generally only cystometric capacity is reported in this population.  
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    Defi nitions of Normal and Abnormal 

 Normal cystometric capacity should be interpreted as a wide range of acceptable 
values. Reference ranges for normal cystometric capacity in adults have not been 
universally agreed upon primarily because the question still remains on how well 
this refl ects pragmatic functional bladder capacity. Normal cystometric capacity is 
generally defi ned as 300–550 ml with larger values obtained in men compared to 
women [ 10 ]. These reference values represent mean values obtained on a sample of 
only 28 men and 10 women with no history of urologic disease. Mean age was only 
24 years, which is hardly comparable to the population of patients generally under-
going urodynamic testing. In another study of 32 highly selected, middle aged vol-
unteers without urologic disease, mean cystometric capacity was 586 ± 193 ml; this 
is much higher than several previous reports [ 11 ]. 

 Abnormal cystometric capacity can be either too small or too large. Small 
capacity may result from involuntary bladder contractions, bladder pain, impaired 
compliance, or bladder oversensitivity. Yoon and Swift [ 12 ] defi ned abnormally 
small maximum cystometric capacity as less than 300 ml but advised using caution 
in interpreting low cystometric capacity as abnormal in the setting of a normal 
functional bladder capacity on frequency–volume charts. Large capacity may 
result from poor or absent bladder sensation during fi lling or neurologic bladder 
dysfunction. Large bladder capacity, outside of the range of normal, is generally 
not interpreted to be pathologic in the absence of neurologic disease. Artifact, as 
noted above, from catheter placement, fi lling rate, media temperature, media type, 
patient positioning, provocative measures such as coughing, patient discomfort or 
patient anxiety may impact reliability of this measure [ 13 ,  14 ]. For example, dur-
ing cystometry a patient is generally positioned in either the seated or the standing 
position for the duration of the test. When completing a 24-h frequency–volume 
chart a patient generally changes body positions throughout the day and night with 
the largest voided volumes generally recorded after sleeping in the recumbent 
position. The impact of patient position on the variability in daytime voided vol-
umes has not been reported. Faster fi lling rates during cystometry have been shown 
to produce lower maximum cystometric capacity measures [ 13 ]. Room tempera-
ture fi lling media which is much cooler than body temperature urine has been 
shown to result in lower maximum cystometric capacity measures as well [ 14 ]. 
The non-physiologic fi ll rate used during urodynamic testing may impact bladder 
sensations as well as bladder compliance. Prior studies have shown that supra-
physiologic fi ll rates used during urodynamic testing produce an increase in blad-
der wall pressure and a decrease in bladder compliance [ 15 ]. It is unclear if bladder 
wall pressure infl uences bladder sensation and ultimately diminishes maximum 
cystometric capacity.  
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    Relation to Functional Capacity 

 Frequency–volume charts and bladder diaries are felt to be more accurate 
 representations of true bladder capacity since these measures document the patients 
voiding patterns in a more natural environment than cystometry during urodynamic 
testing. However, the act of keeping the journal may infl uence voiding patterns 
making the patient more in tune with their bladder sensations. Diokno et al. [ 16 ] 
reported that moderate correlation exists between functional bladder capacity and 
cystometric capacity thus establishing validity of the cystometric bladder capacity 
measure ( r  = 0.493,  p  < 0.01). Further studies on women with incontinence con-
fi rmed correlation between the two measures but showed a statistically signifi cant 
difference in volumes obtained, with a smaller volume recorded at the time of cys-
tometry. Thus they interpreted the data as displaying a weak clinical relationship 
between the two measures [ 12 ]. Yoon and Swift report poor positive predictive 
value (51.4 %) of cystometry in detecting abnormalities in bladder capacity but 
good negative predictive value (84.0 %). Thus,  normal  bladder capacity during cys-
tometry correlates strongly with  normal  functional bladder capacity.  

    Videourodynamic Assessment 

 Radiologic imaging of the bladder and urethra during urodynamic testing can be 
performed with synchronous fl uoroscopy termed videocystourethrography. This is 
generally reserved for patients with more complex clinical presentations or those 
with neurologic dysfunction. Concomitant imaging of the bladder and urethra 
allows direct observation of the effects of bladder events. During bladder fi lling and 
at capacity, an assessment of bladder shape, position with respect to the pubic sym-
physis, conformation of the bladder neck, diverticuli and vesicoureteral refl ux 
(VUR) is undertaken (Fig.  11.2a, b ). Leakage of urine can be detected at earlier time 
points and at smaller volumes using fl uoroscopy than the standard urofl ow sensor.

       Urodynamic Examples of Conditions of Altered Capacity 

 Bladder oversensitivity is defi ned as an increase in bladder sensation or urgency that 
may occur during fi lling cystometry in the absence of a rise in detrusor pressure [ 1 ]. 
This term is reserved for situations where sensations are reported at volumes felt to 
be lower than normal. Generally an early fi rst sensation, an early fi rst desire to void, 
an early strong desire to void, and low maximum cystometric capacity are noted 
(Fig.  11.3 ).

   Several conditions such as overactive bladder, bladder pain syndrome (BPS), and 
urinary tract infection (UTI) are associated with bladder oversensitivity. Urodynamic 
tracings similar to Fig.  11.3  are commonly seen with each of these conditions. The 
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hallmark signs on urodynamics are early reported sensations and low cystometric 
capacity and maximum cystometric capacity.

   Overactive bladder syndrome (OAB) is a clinical condition consisting of bother-
some urinary symptoms. The International Continence Society has defi ned OAB 
as urgency of urination, with or without urgency urinary incontinence (UUI), 
usually accompanied by frequency and nocturia [ 17 ]. OAB may produce urgency 
during urodynamic testing, which can be purely sensory in nature or have a 

  Fig. 11.2    ( a  and  b ) Videofl uoroscopic images corresponding to maximum cystometric capacity 
showing a smooth contoured bladder without evidence of diverticuli, vesicoureteral refl ux, bladder 
neck funneling, or bladder prolapse       
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 corresponding rise in detrusor pressure (see detrusor overactivity below). OAB 
impacts cystometric and maximum cystometric capacity and effective treatment 
can improve urodynamic parameters as well as patient complaints [ 18 ].  

  BPS is the preferred term for the clinical condition previously referred to as intersti-
tial cystitis. It is defi ned as the complaint of suprapubic pain related to bladder 
fi lling, accompanied by other symptoms such as increased daytime and night-
time frequency, in the absence of proven urinary infection or other obvious 
pathology [ 17 ]. BPS often produces bladder discomfort at low cystometric 
capacity in the absence of a rise in detrusor pressure during urodynamic testing. 
Effective treatment can improve cystometric and maximum cystometric capacity 
as well as patient symptoms [ 19 ].  

  UTI can be defi ned clinically as the presence of dysuria or bladder pain associated 
with voiding, and pathologically as the presence of bacteria in a properly obtained 
urine culture associated with a pyuria, or by several other heterogeneous param-
eters [ 20 ]. Generally, UTI causes increased bladder sensitivity and bladder dis-
comfort at low cystometric capacity. Urodynamic testing should be avoided in 
the setting of acute UTI. If performed, urgency and/or discomfort in the presence 
or absence of a rise in detrusor pressure will likely be noted.    

 Detrusor overactivity (DO) is an involuntary bladder muscle contraction that 
occurs during fi lling cystometry often producing a sensation of urgency correspond-
ing to a rise in detrusor pressure (Fig.  11.4a, b ). DO can be phasic, which can occur 
once or several times throughout an urodynamic study and may or may not lead to 
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longer delay micturition       

urinary incontinence; or terminal, which is a single involuntary contraction that 
leads to complete bladder emptying [ 21 ]. DO can elicit urinary leakage ranging 
from drops of urine to complete bladder loss; regardless of amount, this is termed 
detrusor overactivity leakage. DO may be the result of neurogenic bladder dysfunc-
tion, or idiopathic OAB. DO generally decreases cystometric capacity.

   Impaired bladder compliance produces an abnormal rise in detrusor pressure 
during fi lling cystometry (Fig.  11.5 ). This rise in pressure is generally felt to be due 
to impaired visco-elastic properties of the detrusor muscle. The patient may or may 
not report urgency as the pressure rises and leakage of urine may occur if the detru-
sor leak point pressure is reached. VUR or impaired drainage from the upper urinary 
tract may occur secondary to high pressure in the bladder. Impaired compliance 
generally decreases cystometric bladder capacity.

   Neurogenic bladder dysfunction can produce a variety of clinical and urody-
namic effects depending on the exact location of the neurologic lesion. When lesions 
are located above the level of the brainstem detrusor overactivity may be seen lead-
ing to decreased bladder capacity and symptoms of OAB (Fig.  11.6 ).

   When lesions are located between the brainstem and the sacral spinal cord, 
 detrusor sphincter dyssynergia (DSD) as well as detrusor overactivity may be seen, 
generally leading to a decrease in bladder capacity with or without impaired com-
pliance and symptoms of both OAB and diffi culty emptying/urinary retention. DSD 
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can produce drastic changes in bladder function and anatomy as a result of obstruc-
tion at the level of the urethral sphincter (Fig.  11.7a, b  ) .

   When lesions are located at or below the sacral spinal cord an atonic bladder or 
a poorly contractile bladder with or without impaired compliance may be seen asso-
ciated with symptoms of diffi culty emptying, complete urinary retention, and incon-
tinence without sensation. Diabetic cystopathy is a peripheral neuropathy producing 
a hypotonic or atonic bladder. Large capacity is generally noted and can be associ-
ated with detrusor overactivity (Fig.  11.8 ).

       Anatomic Considerations of Bladder Capacity 

 Bladder diverticula can be the result of obstructed voiding, surgical intervention 
or can be congenital (Fig.  11.9 ). Bladder capacity is the sum of the volume held 
in the bladder and the diverticulum. This measured bladder capacity during 
 urodynamic testing is likely an overestimate of functional bladder capacity. Most 
diverticuli have fairly small ostia and as a result empty poorly during voiding. 
The diverticulum remains distended with stagnant urine and can be a nidus of infec-
tion and stone formation. When the bladder is emptied to completion using a catheter 
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  Fig. 11.9    Videofl uoroscopic 
image of a large bladder 
diverticulum. Cystometric 
capacity refl ects the sum of 
the bladder and diverticular 
volume       

at the start of urodynamic testing the diverticulum may empty thereby allowing it to 
fi ll during the fi lling phase of the study. The capacity measures obtained will therefore 
refl ect the cumulative volume of the bladder and the diverticulum. This overestima-
tion of functional capacity may be signifi cant when the diverticulum is large in size.

   Pelvic organ prolapse can produce urinary tract obstruction. Cystoceles can be 
visualized during fl uoroscopy as the bladder fi lls to capacity (Fig.  11.10 ). Capacity 
includes the volume of urine held in the normally positioned bladder as well as the 
prolapsing portion. Much like a diverticulum, the prolapsing portion of the bladder 
may fail to empty during voiding thereby diminishing the functional bladder capac-
ity. When a catheter is placed to drain the bladder at the start of urodynamic testing, 
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the prolapsing portion may have the opportunity to drain to completion thereby 
elevating the capacity measured obtained during the test. The overestimation of 
functional bladder capacity may be signifi cant especially when the prolapsing por-
tion of the bladder is large and kinked during voiding.

   VUR may be seen on fl uoroscopy as the bladder fi lls to capacity or during the 
voiding phase (Fig.  11.11 ). Bladder capacity is the sum of the volume held in the 

  Fig. 11.11    Videofl uoroscopic 
image of severe right-sided 
vesicoureteral refl ux. 
Cystometric capacity 
refl ects the sum of the 
bladder volume and the 
collecting system volume       

  Fig. 11.10    Videofl uoroscopic 
image of signifi cant 
cystocele. Cystometric 
capacity refl ects the sum of 
the orthotopic and prolapsing 
bladder volume       
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bladder as well as the collecting system (kidney and ureter) of the refl uxing unit. 
The collecting system may fail to empty during voiding thereby diminishing the 
functional bladder capacity. When a catheter is placed to drain the bladder at the 
start of urodynamic testing, the refl uxing unit may have the opportunity to drain 
to completion thereby elevating the capacity measure obtained during the test. The 
overestimation of functional bladder capacity may be signifi cant especially when 
the refl ux is high grade into a dilated upper urinary tract.
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    Chapter 12   
 Bladder Filling and Storage: “Compliance” 

             Elizabeth     Timbrook     Brown      ,     Kristi     L.     Hebert     , and     J.     Christian     Winters    

           Introduction 

 During normal bladder fi lling, the bladder accommodates increasing volumes of 
urine while maintaining low storage pressure. This accommodation is unique due to 
the viscoelastic properties of the bladder. Compliance is an urodynamic measure-
ment which assesses bladder fi lling, and describes the relationship between change 
in bladder volume and change in detrusor pressure (Pdet) [ 1 ]. Compliance is mea-
sured during multichannel fi lling cystometry. As shown in Fig.  12.1a, b  compliance 
is calculated by dividing the change in detrusor pressure (ΔPdet) during the associ-
ated change in bladder volume (Δ V ) [ 1 ]. Compliance is generally thought to be one 
of the most reproducible and reliable urodynamic measurements. It is a passive 
measurement which records detrusor pressure over a defi ned volume. It is not 
dependent on provocative maneuvers or on patient cooperation. It is easily mea-
sured with properly functioning and calibrated urodynamic equipment.

   When analyzing compliance on an urodynamic tracing, the International 
Continence Society (ICS) recommends choosing two standard points for compari-
son: “the detrusor pressure at the start of bladder fi lling and the corresponding blad-
der volume (usually zero), and the detrusor pressure (and corresponding bladder 
volume) at cystometric capacity or immediately before the start of any detrusor 
contraction that causes signifi cant leakage (and therefore causes the bladder volume 
to decrease, affecting compliance calculation). Both points are measured excluding 
any detrusor contraction” [ 1 ]. 
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  Fig. 12.1    ( a ) Calculating compliance.  A  = 495 ml/3 cm H 2 O  A  = 165 ml/cm H 2 O ( b ) Calculating 
Compliance.  B  = 400 ml/62 cm H 2 O  B  = 6.5 ml/cm H 2 O       
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 Low bladder compliance is consistent with an abnormal increase in detrusor 
pressure between these two given points. Over the past few decades there have been 
several studies attempting to defi ne “normal compliance.” Unfortunately, however, 
there has never been an agreed upon absolute value for bladder compliance. 
Topercer and Tetreault [ 2 ] attempted to defi ne abnormal compliance in their 1979 
study comparing asymptomatic women to women with stress urinary incontinence, 
but could not establish a defi nitive value due to the lack of a data pattern among 
study participants. Weld et al. [ 3 ] found that there was a signifi cant change in the 
risk of upper tract damage between compliance values of 12.5 and 15 cc/cm H 2 O, 
and thus recommended using a cut-off value of 12.5 cc/cm H 2 O to defi ne abnormal 
compliance. However, Churchill et al. [ 4 ,  5 ] defi ne abnormal compliance as greater 
than 10 cc/cm H 2 O. 

 While there are various measurements used to defi ne abnormal compliance, it is 
widely agreed upon that a sustained bladder pressure of greater than 40 cm H 2 O can 
cause signifi cant risk to the upper tracts [ 6 ]. It is also thought that the amount of 
time that the bladder experiences high pressures is directly proportional to the risk 
of upper tract deterioration [ 4 ]. Thus, a patient whose urodynamic tracing demon-
strates a sustained tonic elevation in detrusor storage pressure appears to be more at 
risk for upper tract complications (see case #1) than a patient who has intermittent, 
phasic rises in detrusor pressure that return to baseline (see case #7). 

 Sustained pathologic increases of detrusor pressure which can cause upper tract 
complications can be measured in two ways. First, consistently high abnormal stor-
age pressures should be approached with caution and may signify upper tract risk 
[ 7 ]. The absolute value of sustained pressure elevation during fi lling is not standard-
ized, but clinicians should be wary of sustained fi lling pressures exceeding 25 cm 
H 2 O. Second, a widely agreed upon measurement assessing upper tract risk is the 
detrusor leak point pressure (DLPP). It is defi ned as the lowest detrusor pressure at 
which urine leakage occurs in the absence of either a detrusor contraction or 
increased abdominal pressure [ 1 ]. Studies have shown that a sustained Pdet greater 
than 40 cm H 2 O is consistent with upper tract deterioration [ 6 ]. 

 Many pathologic conditions can result in abnormal compliance. For example, 
decreased bladder compliance can result from neurogenic causes like multi- system 
atrophy (MSA), spina bifi da, spinal cord injury (SCI), or iatrogenic causes such as 
resultant nerve damage from pelvic surgery, such as radical hysterectomy or abdom-
inoperineal resection (APR). Other non-neurogenic causes can include bladder out-
let obstruction (BOO), chronic cystitis, or a defunctionalized bladder [ 8 ,  9 ]. 

 The measurement of compliance may be misleading in the presence of anatomic 
variations which may result in a buffering of intraluminal detrusor pressure. In cases 
such as vesicoureteral refl ux or bladder diverticuli in the setting of a poorly compli-
ant bladder, the detrusor pressure may appear falsely low due to a “pressure sink” 
effect. In these cases, the urine storage pressure is actually being dissipated into the 
expanding bladder diverticulum or refl uxing upper tracts. These are clinical sce-
narios in which videourodynamics can provide invaluable information [ 7 ]. In addi-
tion, in severe intrinsic sphincter defi ciency, the bladder storage pressures may 
appear low as a result of urethral loss or urethral leakage. In these cases urethral 
occlusion is necessary to determine the fi lling properties of the bladder. 
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 Detrusor overactivity (DO) is an urodynamic observation characterized by invol-
untary detrusor contractions (IDC) during the fi lling phase which may be 
 spontaneous or provoked. Phasic DO is defi ned by a characteristic waveform and 
may or may not lead to urinary incontinence [ 1 ]. Phasic IDC generally have shorter 
periods of pressure elevations with a return to baseline. Sustained involuntary detru-
sor pressure elevation caused by continuous bladder tension refl ects a tonic increase 
in bladder pressure. This is indicative of low compliance. Phasic detrusor overactiv-
ity can sometimes be misleading and confused for abnormal compliance as well. 
This can especially occur if it is prolonged and of low amplitude. To differentiate 
between an IDC and abnormal compliance during fi lling, simply stop the infusion. 
If the Pdet returns to baseline, then the rise in Pdet is due to an IDC; if the Pdet 
remains elevated, then the rise in Pdet is due to a compliance abnormality [ 8 ]. 

 This chapter will present urodynamic tracings and discuss the differential diag-
nosis, clinical interpretation, and treatment options for each given condition with 
regards to abnormal compliance (Fig.  12.1a, b ).  

    Case Scenarios 

  Case #1 
 A 47-year-old male with a 10-year history of transverse myelitis presents with a 
chief complaint of persistent urinary leakage despite performing clean intermittent 
catheterization (CIC). He has been catheterizing three times a day for the last 
10 years and has been managed with a daily extended release anticholinergic. His 
urodynamic tracing, shown below in Fig.  12.2 , demonstrates an abnormal constant 
increase in detrusor pressure during the fi lling phase. This persistent elevation in 
Pdet can be characterized as a tonic abnormality of fi lling, representing abnormal 
compliance. During the fi lling phase, the patient also demonstrates an early sensa-
tion abnormality, followed by superimposed IDC with leakage. The DLPP is 36 cm 
H 2 O. While 36 cm H 2 O is borderline, one can infer that this patient is at higher risk 
for long-term upper tract deterioration based on the sustained, tonic compliance 
abnormality as well as further sustained rise in detrusor storage pressure. With the 
patient’s clinical history and urodynamic tracing, a renal ultrasound would certainly 
be warranted to establish a baseline and evaluate for hydronephrosis. Initially, treat-
ment options for this patient could include increasing the frequency of CIC as well as 
increasing anticholinergic therapy as tolerated. The rate-limiting dosage for anticho-
linergic therapy would be determined by tolerable side effects including dry mouth, 
constipation, and heat intolerance, most commonly. After a trial of a more aggressive 
CIC and anticholinergic regimen, further treatment options would include onabotuli-
num-toxinA injection or even possibly augmentation cystoplasty (Fig.  12.2 ).

     Case #2 
 A 57-year-old male underwent a laparoscopic proctosigmoidectomy for colon can-
cer, and, subsequently, developed a neurogenic bladder. His urodynamic tracing in 
Fig.  12.3  demonstrates a tonic increase in detrusor pressure throughout the  fi lling/
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  Fig. 12.2    Transverse myelitis. Filling phase       

  Fig. 12.3    Neurogenic bladder after a laparoscopic proctosigmoidectomy       
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storage phase, as with case #1. Neurogenic bladder can develop as a result of a 
denervation injury during many colorectal, urologic, and gynecologic procedures. 
Most commonly, neurogenic bladders are seen as a result of APR.

   The fl uoroscopic images above in Fig.  12.4  demonstrate the utility of videouro-
dynamic studies. Without imaging, this patient’s Pdet falsely appears much lower 
than it actually is. When a patient develops poor bladder compliance, due to a 
decrease in the native viscoelastic properties of the bladder, the intrinsic detrusor 
pressure can be transmitted to the upper tracts as a “pop-off” type mechanism. This 
is best demonstrated by videourodynamics to delineate vesicoureteral refl ux or 

  Fig. 12.4       Left grade IV vesicoureteral refl ux with bladder diverticuli. ( a ) Left vesicoureteral 
refl ux with bladder diverticuli ( b ) Left grade IV vesicoureteral refl ux to upper tract       
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bladder diverticuli. This patient’s imaging combined with cystoscopy demonstrates 
a posterior bladder diverticulum as well as a left hutch diverticulum with grade IV 
vesicoureteral refl ux. The voiding phase of the study is consistent with detrusor 
arefl exia. In this setting of iatrogenic neurogenic bladder, treatment options again 
include an increase in CIC frequency and anticholinergic therapy, onabotulinum-
toxinA injection or an augmentation cystoplasty.

   Another important point in the diagnostic work-up can include a voiding diary. 
Determining the typical volume of urine during each catheterization can give invaluable 
information as well as help guide the urodynamic study itself. It can also be a useful tool 
during treatment with the goal to increase catheterization frequency and decrease stor-
age volumes. This patient underwent an aggressive CIC and anticholinergic regimen 
with a marked improvement in his catheterized volumes at follow- up. Figure  12.5  shows 
the repeat urodynamics after a 3-month intervention, showing a marked improvement in 
bladder compliance with conservative therapy alone (Figs.  12.3 ,  12.4 , and  12.5 ).

     Case #3 
 A 37-year-old female presents with a history of a C6 SCI. She previously underwent 
an augmentation cystoplasty with a catheterizable, continent stoma using the modi-
fi ed Indiana technique. She is now referred for a persistent compliance abnormality 
on urodynamics and concern for upper tract deterioration. 

 On cursory review of her urodynamics, shown in Fig.  12.6 , there appears to be 
early sensation, reduced cystometric capacity, and terminal detrusor overactivity 
which she does not suppress. This consists of a phasic involuntary rise with a return 
to baseline. Thus, this is not considered a true compliance abnormality by defi ni-
tion. Additionally, the detrusor pressure returns to baseline at the end of the contrac-
tion, signifi cantly decreasing her risk of upper tract damage as the increased pressure 
is not sustained (Fig.  12.6 ).

  Fig. 12.5    Repeat urodynamics at 3 months with conservative management       
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     Case #4 
 A 36-year-old female underwent pelvic radiation for cervical cancer 2 years ago. 
She is referred for multiple episodes of pyelonephritis requiring hospitalization. She 
complains of mixed urinary incontinence and on renal ultrasound she is found to 
have severe bilateral hydronephrosis. Her urodynamics are shown in Fig.  12.7 . 
There is a sustained, tonic compliance abnormality with Pdet reaching 129 cm H 2 O 
with subsequent IDC noted during the fi lling phase. There is no demonstrable stress 
incontinence at a volume of 385 cc.

   However, when evaluating the patient’s clinical history, she states that she voids 
three times daily with large urine volumes. When reviewing her voiding diary, her 
volumes are approximately 500 cc with each void. This again demonstrates the 
importance of voiding diaries not only for patient counseling, but also to tailor the 
urodynamic study. If this study had been continued to 600 cc, detrusor overactivity 
or stress urinary incontinence may have been demonstrated. 

 Protection from further upper tract deterioration in this setting is vital. While she 
was initially placed on an aggressive CIC and anticholinergic regimen, her repeat 
renal ultrasound and urodynamics at 3 months showed no improvement due to poor 
patient compliance. While progression to injection of onabotulinum-toxinA would 
normally be a reasonable option due to the long-term effects on the detrusor muscle, 
patient compliance with CIC is still paramount. While CIC is also imperative in the 
setting of an augmentation cystoplasty, increasing the overall bladder capacity can 
certainly aid in protection of the upper tracts in a poorly compliant patient. After 
undergoing augmentation and extensive counseling on the importance of CIC, she 
had no further episodes of pyelonephritis and her mixed urinary incontinence was 
greatly improved at 6-month follow-up (Fig.  12.7 ).  

  Fig. 12.6    C6 spinal cord injury status post-augmentation cystoplasty with a terminal involuntary 
detrusor contraction and normal compliance       
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  Case #5 
 A 17-year-old male with spina bifi da presented for urologic evaluation. He has been 
managing his bladder by anticholinergics and CIC every 4 h. His urodynamic trac-
ing, shown in Fig.  12.8 , demonstrates a poorly compliant bladder with a small 
capacity, IDC with leak, and detrusor sphincter dyssynergia (DESD). The DLPP is 
58 cm H 2 O. When paired with the videourodynamics in Fig.  12.9 , it is evident that 
he has an extremely small bladder capacity (150 cc), with right vesicoureteral refl ux 
as well as a “spinning top” abnormality. This is often seen in DESD in which there 
is a dilated posterior urethra. Additionally, bladder neck narrowing is seen and may 
signify bladder neck dyssynergia.

    Due to the patient’s failure of conservative therapy and risk to upper tracts, he 
would be an excellent candidate for onabotulinum-toxinA or augmentation cysto-
plasty with a right ureteral reimplant (Figs.  12.8  and  12.9 ).  

  Case #6 
 A 73-year-old male presents with intermittent urinary urgency incontinence 1 year 
after a suprapontine cerebrovascular accident. His urodynamic tracing, shown in 
Fig.  12.10 , demonstrates an involuntary bladder contraction, without a compliance 
abnormality. In other words, there is no distinct, continuous rise in detrusor pressure 
as volume increases. As previously mentioned, involuntary bladder contractions 
may be mistaken for abnormal compliance on urodynamics tracings. In this sce-
nario, there are short, involuntary, phasic rises in detrusor pressure, which return to 
baseline storage pressure.

   With this clinical picture, the patient can be managed with anticholinergics to 
minimize the symptoms of detrusor overactivity—timed toileting and daily tros-
pium or darifenacin would be a good option for him due to his age (cognition con-
cerns) and clinical history (Fig.  12.10 ).  

  Fig. 12.7    Pelvic radiation for cervical cancer with abnormal compliance. Courtesy of Stephen 
Kraus       
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  Case #7 
 A 32-year-old female presents with complaints of urinary urgency and frequency 
and intermittent incontinence. She was recently diagnosed with multiple sclerosis 
(MS). Her urodynamics are shown below in Fig.  12.11 . The tracing is consistent 
with several transient rises in detrusor pressure associated with increased external 
sphincteric activity. This patient is at less risk for upper tract damage compared to 
the previous patient with a tonic rise in detrusor pressure (case #1) because this 

  Fig. 12.8    Neurogenic bladder and abnormal compliance       

  Fig. 12.9    Videourodynamics showing a “spinning top” abnormality, small bladder capacity, and 
right vesicoureteral refl ux       
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  Fig. 12.10    Involuntary detrusor contraction without a true compliance abnormality       

  Fig. 12.11    Phasic detrusor contractions with leak. Involuntary contractions of short duration, 
“phasic contractions,” are demonstrated       
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patient has only transient involuntary rises in detrusor pressure, as opposed to sus-
tained, prolonged increased storage pressures. Her urodynamics are consistent with 
neurogenic detrusor overactivity with detrusor external sphincter dyssynergia.

   She may be treated with daily anticholinergics as well, but her emptying ability 
must be monitored closely. Oftentimes, treatment of this condition results in increas-
ing post-void residual urine and the need for CIC. Her urodynamics should be 
repeated with symptom changes as MS can be progressive (Fig.  12.11 ).  

  Case #8 
 A 55-year-old male presents with bothersome frequency, hesitancy, and nocturia. He 
has an American Urologic Symptom Score of 22. His prostate was estimated at 55 g 
on physical exam. Three years ago he was diagnosed with benign prostatic hyperpla-
sia and was subsequently placed on combination therapy (tamsulosin and fi naste-
ride) but his symptoms have persisted. His urodynamic tracing is shown below in 
Fig.  12.12 . This tracing demonstrates classic BOO—high pressure and low fl ow are 
clearly evident. There is a terminal compliance abnormality noted as Pdet changed 
near capacity due to BOO. This patient may benefi t from treatment of the benign 
prostatic enlargement causing the BOO. As he has failed medical therapy, minimally 
invasive or standard transurethral techniques may be offered for this condition.

   A similar high pressure, low fl ow tracing with or without a terminal compliance 
abnormality can also be seen in the setting of BOO in women secondary to pelvic 
organ prolapse or even iatrogenic BOO after a fascial or transvaginal mesh sling 
placement for stress urinary incontinence. Management would again be tailored at 
relieving the obstruction by either reducing the prolapse or performing a sling inci-
sion/urethrolysis for iatrogenic BOO (Fig.  12.12 ).  

  Fig. 12.12    Classic bladder outlet obstruction—high pressure, low fl ow       
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  Case #9 
 A 33-year-old quadriplegic male presents with persistent urinary incontinence. He 
has previously been managed with onabotulinum-toxinA injections of 300 units. 
He has received two separate sets of injections. The urodynamics in Fig.  12.13  show 
a lack of coordination between the detrusor muscle and the pelvic fl oor and external 
urethral sphincter. This is another case in which videourodynamics are benefi cial. The 
fl uoroscopic image demonstrates DESD with a “spinning top” abnormality—a dilated 
posterior urethra and narrow bladder neck. This patient has failed onabotulinum-
toxinA injection therapy, and thus the next option would be an augmentation cysto-
plasty (Fig.  12.13 ).

        Conclusion 

 Although there has been no agreed upon normative value for compliance, most 
sources cite that it lies somewhere between 10 and 20 ml/cm H 2 O and can be calcu-
lated by evaluating the change in volume compared to the change in detrusor pres-
sure at two given points. Normally, the bladder accommodates fi lling and stores 
urine at low pressures due to the viscoelastic properties of the bladder, but various 
pathologies can cause abnormalities in bladder compliance. 

  Fig. 12.13    Detrusor external sphincter dyssynergia. Courtesy of Stephen Kraus       
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 This chapter has discussed many conditions associated with abnormal compliance 
including cerebrovascular accident, BOO, SCI, transverse myelitis, multiple sclero-
sis, and pelvic surgery. It has touched upon situations that can be falsely interpreted 
as abnormal compliance. For example, IDC can mimic abnormal compliance. 
According to the ICS, when performing urodynamic studies for neuropathic lesions 
the infusion rate should be low in order to avoid producing an artifi cial compliance 
abnormality. This chapter also reviewed clinical scenarios in which videourodynam-
ics can be important, such as to evaluate vesicoureteral refl ux or DESD. 

 Compliance has proven to be a reproducible and reliable measurement to deter-
mine the risk of upper tract damage and, as such, a true compliance abnormality 
warrants an upper tract evaluation. Therefore, interpreting bladder compliance on 
an urodynamic tracing can provide invaluable information about a patient’s voiding 
and also help guide medical and surgical treatment options as discussed throughout 
the chapter.     
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    Chapter 13   
 Bladder Filling and Storage: 
“(Coarse) Sensation” 

             Ying     H.     Jura       and     Christopher     K.     Payne   

           Introduction 

 Adequate bladder sensation is essential for conscious bladder control; alterations in 
bladder sensation are important in certain pathologic conditions [ 1 ]. Classic exam-
ples of sensory disorders include increased sensation with bladder pain syndrome 
(BPS) and decreased sensation with neurogenic bladder disorders associated with 
peripheral neuropathies. Bladder sensation is assessed during fi lling cystometry.  

    Defi nitions of Normal and Abnormal Sensation 

 According to the International Continence Society (ICS) Terminology Committee, 
normal bladder sensation is evaluated by bladder volume at three defi ned points 
during fi lling cystometry and in relation to the patient’s symptoms [ 2 ]. The three 
defi ned points are (1) fi rst sensation of bladder fi lling, (2) fi rst desire to void, and (3) 
strong desire to void (Table  13.1 ). Bladder sensation is increased if there is a consis-
tent early fi rst sensation of fi lling, desire to void, and/or strong desire to void that 
occurs at low bladder volume. Bladder sensation is reduced if bladder sensation is 
diminished throughout bladder fi lling. Bladder sensation may also be completely 
absent. During fi lling cystometry, the patient may also experience urgency, which is 
defi ned as a sudden compelling desire to void.
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       How to Measure Sensation 

 Bladder sensation is measured during fi lling cystometry. Because sensation is inher-
ently subjective, it requires communication between an attentive clinician and an 
alert, mentally competent patient [ 3 ]. 

 While standardized ICS defi nitions exist for the various bladder sensations, ICS 
does not specify when and how these defi nitions should be communicated. Some 
clinicians simply ask the patient to report whatever they feel without any instruc-
tion. Others might instruct patients at the outset to report sensations and these sensa-
tions are described for the patients. Each clinician will communicate these defi nitions 
a little differently in order to achieve understanding among patients of different 
backgrounds. Due to the variability in the way information regarding bladder sensa-
tion is elicited, results can be diffi cult to reproduce across different laboratories. 

 Ideally, an ongoing conversation should be maintained between a clinician and 
patient throughout the study. The patient should be instructed to report when fl uid 
in the bladder is fi rst sensed. The patient is then asked to report occurrence of fi rst 
desire to urinate followed by occurrence of strong desire to urinate. Finally, the 
patient should inform the clinician when restraining from urination is diffi cult to 

   Table 13.1    International Continence Society terms for bladder sensation during fi lling cystometry   

 Normal bladder 
sensation 

 Can be judged by three defi ned points noted during fi lling cystometry and 
evaluated in relation to the bladder volume at that moment and in relation 
to the patient’s symptomatic complaints 

 First sensation of 
bladder fi lling 

 Is the feeling the patient has, during fi lling cystometry, when he/
she fi rst becomes aware of the bladder fi lling 

 First desire to void  Is defi ned as the feeling, during fi lling cystometry, that would lead the 
patient to pass urine at the next convenient moment, but voiding can be 
delayed if necessary 

 Strong desire to 
void 

 Is defi ned, during fi lling cystometry, as a persistent desire to void without 
the fear of leakage 

 Increased bladder 
sensation 

 Is defi ned, during fi lling cystometry, as an early fi rst sensation of bladder 
fi lling (or an early desire to void) and/or an early strong desire to void, 
which occurs at low bladder volume and which persists 

 Reduced bladder 
sensation 

 Is defi ned, during fi lling cystometry, as diminished sensation throughout 
bladder fi lling 

 Absent bladder 
sensation 

 Means that, during fi lling cystometry, the individual has no bladder 
sensation 

 Non-specifi c 
bladder sensations 

 During fi lling cystometry may make the individual aware of bladder 
fi lling, for example, abdominal fullness or vegetative symptoms 

 Bladder pain  During fi lling cystometry is a self-explanatory term and is an abnormal 
fi nding 

 Urgency  During fi lling cystometry is a sudden compelling desire to void 

  Compiled from Abrams P, et al. The standardization of terminology of lower urinary tract function: 
Report from the Standardisation Subcommittee of the International Continence Society. Neurourol 
Urodyn. 2002;21:261–74  
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defer (urgency). The patient should also be queried as to what, if anything, is felt 
when any signifi cant changes in detrusor pressure, like involuntary detrusor con-
tractions, are noted. Many clinicians will provide everyday analogies in order to 
communicate to patients the differences among fi rst desire, strong desire, and 
urgency. For example, fi rst desire might be described as a sensation that would 
prompt a patient watching a good television show to go to the bathroom at the next 
commercial break while strong desire might prompt the patient to consider inter-
rupting the show and walking to the bathroom and urgency is as a sensation that 
would prompt the patient to get up immediately and run to the bathroom. 

 Bladder sensation is subjective and a variety factors may affect the reliability of 
measurements of bladder sensation [ 4 ]. These factors may include patient anxiety, 
non-physiologic rate of bladder fi lling, and irritation from the catheter. Erdem and 
colleagues demonstrated the subjectivity of bladder sensation measurements by 
showing that a signifi cant portion of adult men who were prepped for a urodynamics 
study, including catheter insertion, and told that the study had commenced reported 
fi rst sensation of bladder fi lling (83 %), fi rst desire to void (80 %), and strong desire 
to void (25 %) despite lack of bladder distension with air or fl uid [ 5 ]. To investigate 
the impact of catheter placement on perceptions of bladder fi lling, another study was 
performed where the catheters were taped to the penile skin but not inserted [ 6 ]. Even 
without catheter insertion, about half of patients reported fi rst sensation and a quarter 
of patients reported fi rst desire, although no patients reported strong desire. When the 
catheter was then inserted but no fi lling occurred in the next phase of the study, a 
much greater portion of patients reported fi rst sensation (87 %) and fi rst desire 
(73 %), and some patients reported strong desire (18 %). This suggested that catheter 
placement contributes to the perception of bladder fi lling but other factors also play 
a role. The same study performed in a group of children, however, found that they 
were signifi cantly less prone to reporting sensations of bladder fi lling without actual 
bladder fi lling [ 7 ]. Thus, sensations reported by children during urodynamic studies 
may be more reliable than those reported by adults. In terms of rate of bladder fi lling, 
there is confl icting data as to whether it affects bladder sensation [ 8 – 10 ]. 

 One proposal to make assessment of bladder sensation more reproducible 
involves the use of an electronic keypad that allows patients to rate sensations of 
bladder fi lling between 0 (none) to 4 (desperate) [ 4 ]. Patients can choose their start-
ing point and go up and down on the scale as they wish throughout the test without 
any prompting from the clinician. The investigators found this method promising in 
providing reliable and repeatable results with a statistically signifi cant increase in 
bladder volume at each urge level.  

    Normal Sensation 

 Studies of normal volunteers have found a consistent pattern in patients’ reports of 
bladder sensations [ 8 ,  11 ]. These studies were performed in men and women aged 
18–30. In all patients, fi rst sensation of bladder fi lling was followed by fi rst desire 
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to void, and then followed by strong desire to void. Patients describe fi rst sensation 
of fi lling as a vague sensation derived from fl uid infl ow that waxed and waned and 
was located in the lower pelvis. Patients did not recognize this sensation from their 
normal daily lives. First desire and strong desire to void were recognized as they are 
described by the ICS. Patients identifi ed fi rst desire to void as being a sensation 
familiar from daily life that is localized to the lower abdomen. It became gradually 
stronger during fi lling. Strong desire to void was described as a constant, almost 
uncomfortable sensation located in the perineal region or urethra. 

 Although sensation is typically part of a complete urodynamic study there has 
been little investigation of the clinical relevance of this information, the optimal 
means of eliciting the information, and the test–retest reliability of the assessments. 
Research has found a signifi cant increase in volume between each sensation (see 
Table  13.2 ) [ 8 ,  11 ]. While volumes at which each sensation occurred varied widely 
among individuals and average volumes were signifi cantly different between male 
and female patients, they occurred at a fairly constant percentage of total bladder 
volume. First sensation of bladder fi lling occurs at an average of 40 % of maximal 
cystometric capacity while strong desire to void occurs at an average 70 % of maxi-
mal cystometric capacity [ 12 ].

   Cold receptors have been identifi ed in the feline and human bladders [ 13 ]. Cold 
sensation is lacking in patients who have undergone cystectomy and enterocysto-
plasty [ 14 ]. While Bors described cold sensation as being felt in the skin rather than 
the bladder, other experts report the sensation as felt in the bladder rather than the 
urethra or skin [ 13 ]. In some laboratories, room temperature fl uid is used to perform 
urodynamic studies instead of warmed, body temperature fl uid (as a matter of con-
venience). While the clinical signifi cance of intact cool sensation is currently 
unknown, it seems reasonable to ask if the patient feels an infusion of something 
cool into the bladder as another test of sensation if room temperature fl uid is used.  

    Conditions of Altered Sensation 

 Sensation maybe altered in a number of different conditions. The following is a list 
of some of these conditions:

  Increased Bladder Sensation 

•   Interstitial cystitis/bladder pain syndrome (IC/BPS) and other pelvic pain 
syndromes  

•   Infection   

  Table 13.2    Mean volumes 
for bladder sensation during 
fi lling from healthy 
volunteers; age (years), 
volume (ml)  

 Men ( n  = 18)  Women ( n  = 32) 

 Age  22 ± 3  21 ± 2 
 First sensation of fi lling  222.5 ± 151  175.5 ± 95.5 
 First desire to void  325 ± 140.5  272 ± 106 
 Strong desire to void  453 ± 93.5  429 ± 153 

  Data adapted from Wyndaele and Wachter [ 8 ]  
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  Reduced or Absent Bladder Sensation 

•   Sensory neurogenic bladder  
•   Diabetic cystopathy   

  Mixed Disorder of Bladder Sensation 

•   Idiopathic overactive bladder    

    Interstitial Cystitis/Bladder Pain Syndrome 

 The Society for Urodynamics, Female Pelvic Medicine and Urogenital 
Reconstruction (SUFU) defi nes IC/BPS as an unpleasant sensation (pain, pressure, 
discomfort) perceived to be related to the urinary bladder, associated with lower 
urinary tract symptoms of more than 6 weeks duration, in the absence of infection 
or other identifi able causes [ 15 ]. Since the pathophysiology is unknown and vast 
majority of patients diagnosed with IC/BPS have no identifi able pathologic abnor-
mality of the bladder it is best considered to be a disorder of bladder sensation [ 16 ]. 

 Urgency is a commonly reported symptom in both IC/BPS and OAB [ 17 ]. 
A comparative study found that urgency is reported by 81 % of patients diagnosed 
with IC/BPS and 91 % of patients with OAB [ 18 ]. The same proportion of patients 
in both groups (60 %) indicated that the urgency occurred “suddenly” instead of 
more gradually over a period of minutes or hours. In IC/BPS, however, the urgency 
was primarily reported as due to pain, pressure, or discomfort, whereas in OAB the 
urgency was more commonly due to fear of leakage. A survey of 180 IC/BPS 
patients from the Events Preceding Interstitial Cystitis cohort found that 65 % of 
patients endorsed urge to urinate in order to relieve pain whereas 21 % endorsed 
urge to urinate due to fear of incontinence [ 19 ]. 

 Historically, urodynamic studies were included as part of the diagnostic criteria 
for interstitial cystitis. In the original National Institute of Diabetes and Digestive 
and Kidney Disease (NIDDK) criteria, the inclusion criteria and exclusion criteria 
included (1) cystometric bladder capacity greater than 350 ml, (2) absence of intense 
urgency during cystometry at a bladder volume of 150 ml, or less and (3) presence 
of detrusor overactivity [ 20 ]. These criteria were intended to produce homogeneous 
populations for clinical research but were based only on expert opinion, and there is 
no evidence that any urodynamic fi ndings have adequate sensitivity or specifi city 
for IC/BPS. The 2011 American Urological Association Guidelines for IC/BPS rec-
ommends that urodynamics be considered if the diagnosis of IC/BPS is in doubt but 
this test is not necessary for making the diagnosis in uncomplicated presentations. 
Urodynamic studies may be helpful by identifying patients with signifi cant detrusor 
overactivity, urethral or bladder neck obstruction, and urethral diverticula and other 
conditions that might lead to specifi c therapies. How selectively urodynamics should 
be used in the work-up of IC/BPS remains controversial among experts [ 20 ,  21 ]. 

 Urodynamic studies comparing IC/BPS patient to normal patients have found 
that IC/BPS patients have a fi rst desire to void at a signifi cantly lower volume 
and tolerated a lower maximal cystometric capacity [ 22 ]. Patients described bladder 
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fi lling as painful. In several studies, the average fi rst sensation was around 
100 ± 50 ml and maximal cystometric capacity was found to be around 200 ± 100 ml 
[ 22 – 25 ]. The presence of Hunner’s ulcers is associated with increased bladder sen-
sation and reduced cystometric capacity [ 24 ,  25 ]. As noted previously, bladder sen-
sation measurements on urodynamics, however, are not necessary for diagnosis or 
management of IC/PBS; there is no evidence that measuring volumes on an urody-
namic study is additive to assessing bladder function with a bladder diary. 

 Patients diagnosed with other pelvic pain syndromes may also exhibit increased 
bladder sensation. A study of men with chronic prostatitis or prostadynia without 
evidence of prostatic infection found that over 60 % of patients have low volume at 
fi rst sensation (<150 ml) and fi rst desire to void (300 ml) [ 26 ].  

    Infection 

 Infection is known to affect bladder sensation in the acute setting and even after the 
infection has resolved. A study comparing sensation during cystometry in non- 
neurologic patients with normal urine culture and those with positive urine culture 
but no symptoms of cystitis found that the infected group had a signifi cantly lower 
volume of fi rst and strong desires without detrusor overactivity [ 27 ]. There is also 
evidence that repeated infections may produce a persistent hypersensitivity in the 
bladder. Arya and colleagues performed a case–control study comparing fi lling cys-
tometry data from women with a history of recurrent urinary tract infections (defi ned 
as three or more culture documented urinary tract infections in the previous 
12 months) to women with stress urinary incontinence but no history of urinary tract 
infections [ 28 ]. Cystometry was obtained over a month after the last documented 
urinary tract infection in the women with a history of recurrent urinary tract infec-
tions. The investigators found signifi cantly lower volumes for strong desires to void 
and maximal cystometric capacity, without evidence of detrusor overactivity, in the 
women with recurrent urinary tract infections.  

    Sensory Neurogenic Bladder Disorders 

 Neurogenic bladder disorders may arise from spinal cord injury, myelodysplasia, 
cerebrovascular accidents, multiple sclerosis, and localized peripheral nerve inju-
ries, as well as many other neurologic diseases and conditions. Many of these 
patients have impaired sensation—diminished, altered, or absence of fi rst sensation, 
fi rst desire to void, and/or strong desire to void. Understanding the abnormality of 
sensation can be just as important as understanding the motor abnormality in devel-
oping a treatment plan for patients with neurogenic bladder. 

 In a study of neuropathic (majority with spinal cord injuries and myelodysplasia) 
and non-neuropathic patients, 71 % of neuropathic patients had impaired sensation 
as compared to 30 % of non-neuropathic patients [ 12 ]. Forty percent of neuropathic 
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patients had absent sensation compared to 3 % of non-neuropathic patients. Of non- 
neuropathic patients who had two or more absent sensations, on further neurologic 
testing, about a third of the patients were discovered to have a neuropathology, 
including diabetic polyneuropathy, multiple sclerosis, and peripheral neuropathy 
after multiple pelvic surgery. Neurogenic bladder patients who have impaired blad-
der sensation along with detrusor overactivity need to be monitored particularly 
closely to avoid development of upper tract complications (Tracing 1).  

    Diabetic Cystopathy 

 Diabetic cystopathy has been classically defi ned as a peripheral and autonomic neu-
ropathy that fi rst affects sensory afferent pathways causing insidious onset of 
impaired bladder sensation that leads to a gradual increase in the time interval 
between voiding [ 29 ]. The loss of bladder sensation parallels a loss of peripheral 
sensation in the hands and feet. This may progress to bladder distension and, ulti-
mately, decompensation. The typical urodynamic fi ndings include impaired bladder 
sensation, increased compliance, and increased cystometric capacity. If untreated 
this can produce a secondary myogenic injury and urinary retention. 

 The most common form of lower urinary tract dysfunction in patients with dia-
betes, however, is not “classic” diabetic cystopathy but detrusor overactivity [ 29 ]. 
The pathophysiology of detrusor overactivity in diabetes is not fully elucidated. The 
underlying mechanism could also include impairment of bladder sensation, similar 
to “classic” diabetic cystopathy. We observe that such patients often lack early sen-
sations during urodynamic studies and have sudden low volume urgency, detrusor 
overactivity, and urge incontinence. One might hypothesize normal bladder sensa-
tion is required to suppress the micro-instabilities of the bladder and prevent them 
from becoming urodynamically detectable involuntary detrusor contractions. 

 A retrospective review of video urodynamics results from patients with diabetes 
and persistent lower urinary tract symptoms and urinary incontinence found the fi rst 
sensation of fi lling to occur on average around 300 ml and the mean bladder  capacity 
to be almost 500 ml [ 30 ]. Twenty-six percent of patients in this study had docu-
mented peripheral neuropathy. Another study of diabetic patients with lower urinary 
tract symptoms found that fi rst sensation occurred at >250 ml in 21 % of patients 
and maximal cystometric capacity of >600 ml in 25 % of patients [ 31 ].  

    Idiopathic Overactive Bladder 

 The ICS defi nes idiopathic OAB as a syndrome of urgency, with or without urge 
incontinence, usually with frequency and nocturia. Although urodynamic studies 
have typically been used in OAB patients to determine the presence or absence of 
detrusor overactivity there may also be alterations in bladder sensation in OAB. 
There appears to be a mixed population including patients with normal, decreased, 
and increased sensation. 
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 A number of published reports have shown that detrusor overactivity is demon-
strable in 50–75 % of patients with OAB [ 17 ]. A study comparing perceptions of blad-
der fullness in patients with detrusor overactivity and those without found that those 
with detrusor overactivity experienced sensations of fullness at signifi cantly lower vol-
umes [ 32 ]. One hypothesis is that these patients have normal bladder sensation and that 
the urgency they experience at low bladder volumes is the result of a normal response 
to involuntary detrusor contractions (Tracing 2). Neuromodulation by afferent stimula-
tion of the pudendal nerve in patients with idiopathic OAB has been shown to result 
in elimination or delay of involuntary detrusor contractions along with an increased 
volume at which different levels of urgency are sensed during urodynamics [ 4 ]. 

 There is a small portion of OAB patients who do not sense or only minimally 
sense involuntary detrusor contractions. In one study 3 % of neurologically intact 
patients were not aware of involuntary detrusor contractions on urodynamics [ 33 ]. 
Such patients may be more prone to leakage because the inability to sense involun-
tary detrusor contractions precludes an adequate voluntary or refl exive contraction 
of the pelvic fl oor in response (Tracing 3). 

 As previously stated, while urgency in patients with OAB is usually associated 
with involuntary detrusor contractions, there is evidence that at least 25–50 % of 
patients who experience urgency with fi lling do not have involuntary detrusor con-
tractions on offi ce urodynamics [ 17 ,  34 ]. These patients may have increased bladder 
sensation if involuntary detrusor contractions are truly absent. Another possibility is 
that involuntary detrusor contractions are present but not detected by offi ce urody-
namics. In a prospective randomized crossover study of 106 women with OAB with 
or without incontinence, offi ce videourodynamics detected involuntary detrusor 
contractions in 66 % of patients [ 34 ]. Of the women without detrusor overactivity 
on offi ce urodynamics, 59.5 % of these patients had detrusor overactivity on ambu-
latory monitoring. In 45 % of patients with detrusor overactivity on ambulatory 
monitoring only, the detrusor activity resulted in incontinence. One may hypothe-
size that in this last group, decreased bladder sensation may explain their inability 
to abort involuntary bladder contractions through recruitment of the pelvic fl oor 
musculature before leakage occurs (Tracing 4). 

 Idiopathic overactive bladder represents a complex heterogeneous population in 
terms of disorders of bladder sensation. Normal versus decreased bladder sensation 
may be part of what differentiates between patients with OAB dry and OAB wet.   

    Insensate Incontinence 

 True insensate incontinence is often secondary to neuropathies and cognitive disor-
ders [ 35 ]. Imaging studies in healthy volunteers show that frontal lobes and various 
midbrain structures are important in the conscious recognition of afferent bladder 
signals [ 36 ]. Insensate incontinence has been most commonly studied in the elderly. 
Research in the elderly has found that those with urge incontinence and reduced 
sensation have the greatest cognitive impairment and brain scans have shown sig-
nifi cantly poor global cortical perfusion. Such patients should still have a basic 
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work-up to rule out reversible causes of incontinence including infection, impac-
tion, etc. When no reversible cause is identifi ed the treatment is usually based on 
timed and prompted voiding (Table  13.3 ).

   In practice, clinicians often encounter in the offi ce cognitively intact patients 
without any neurologic disorders who report symptomatic incontinence without any 
associated sensation. The differential in these patients should include functional 
incontinence, overfl ow from obstruction, post-void dribbling, vaginal voiding, and 
fi stulas. The diagnosis can often be made with the history and physical exam alone. 
When this history is not clear and continuous leakage is not identifi ed on exam the 
most helpful test to elucidate the problem in this situation, however, is not urody-
namics but a home bladder diary. Patients are prescribed pyridium, which will help 
the patient verify urinary leakage and determine exactly when it is occurring. They 
can correlate the leakage with the detailed record of timing and activities surround-
ing incontinence episodes.  

    Summary 

 Adequate bladder sensation is important for normal bladder function. Important dis-
orders of bladder sensation exist including IC/PBS and neurogenic bladder. Obtaining 
objective, reproducible measurements of bladder sensation on urodynamic studies is 
challenging and the clinical signifi cance of this information is often unclear.

   Table 13.3    Evaluation of patient with complaints of insensate incontinence   

 Does patient have 
cognitive impairment 
or neuropathy?  Yes  No 

 Differential  • Consider true insensate incontinence  • Bladder outlet obstruction 
 • Fistula 
 • Functional incontinence 
 • Post-void dribbling 
 • Urethral diverticulum 
 • Vaginal voiding 

 Work-up  • History and exam to rule out 
reversible causes of UI (DIAPPERS) 
 −  D elirium 
 −  I nfection 
 −  A trophic vaginitis 
 −  P harmaceuticals 
 −  P sychologic disorders 
 −  E xcessive urine output 
 −  R estricted mobility 
 −  S tool impaction 

 • UA—rule out infection 
 • PVR—rule out overfl ow 

 • History and exam 
 • UA 
 • PVR 
 • Bladder diary with 

pyridium 
 • Further studies pending 

results of bladder diary 

 Treatment  • Timed voiding for neuropathies 
 • Prompted voiding for cognitive 

impairment 

 • Based on etiology 

13 Bladder Filling and Storage: “(Coarse) Sensation”



194

  The key points on this topic include: 

•   Normal bladder function is evaluated at three points during fi ll cystometry: (1) 
First sensation of fi lling (2) First desire to void. (3) Strong desire to void. These 
points were defi ned by the ICS based on expert opinion.  

•   Because bladder sensation is subjective, it requires a dialogue between an atten-
tive clinician and an alert, mentally competent patient.  

•   Due to the variability in the way clinicians elicit information regarding bladder 
sensation and how patients interpret these questions, results can be diffi cult to 
reproduce across laboratories and among patients.  

•   Studies in normal subjects show that volumes at which each sensation occurs at 
a fairly constant percentage of total bladder volume. First sensation of bladder 
fi lling occurs at an average of 40 % of maximal cystometric capacity while strong 
desire to void occurs at an average 70 % of maximal cystometric capacity.  

•   Neurogenic bladder patients who have impaired bladder sensation along with 
detrusor overactivity need to be monitored particularly closely to avoid develop-
ment of upper tract complications.   

  Our major knowledge defi cits include: 

•   How do we make measurements of bladder sensation more standardized and 
reproducible?  

•   What should the role of urodynamic studies be in the diagnosis and management 
of IC/BPS?  

•   Does idiopathic OAB include a mixed population in terms of bladder sensation—
normal, increase, versus decreased?  

•   What is the role of bladder sensation in detrusor overactivity and urgency urinary 
incontinence?        
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    Chapter 14   
 Bladder Filling and Storage: 
“(Involuntary) Contractions” 

             Chong     Choe       and     Kathleen     C. Kobashi    

        Urodynamics (UDS) is the dynamic study of the storage and evacuation of urine. 
Its role is to provide the clinician with information about a patient’s lower urinary 
tract function. Ideally, the patient’s symptoms are reproduced during the study to 
provide objective measurements which correlate with the patient’s symptoms. UDS 
should be considered as an adjunct to a detailed history and physical exam to better 
characterize the clinical picture and facilitate optimal treatment planning. An impor-
tant portion of the UDS is the bladder fi lling and storage phase. Involuntary detrusor 
contractions (IDCs) may occur during this portion of the study and may provide 
insight into the pathophysiology of the patient’s complaints. This chapter will focus 
on the different UDS manifestations of IDCs by investigating the UDS tracings of 
neurogenic and idiopathic detrusor overactivity, stress-induced overactivity, phasic 
overactivity, detrusor overactivity incontinence, detrusor after-contractions (DAC), 
and terminal detrusor overactivity. 

 The International Urogynecological Association (IUGA)/International 
Continence Society (ICS) joint report on the terminology for female pelvic fl oor 
dysfunction was published in 2010 [ 1 ]. It contains terminology for common urody-
namic terms and observations and it is recommended that clinicians performing 
UDS consider using the current IUGA/ICS terminology in order to maintain consis-
tency. It defi nes  detrusor overactivity  ( DO ) as the “ occurrence of involuntary detru-
sor contractions during fi lling cystometry. These contractions, which may be 
spontaneous or provoked, produce a wave form on the cystometrogram of variable 
duration and amplitude .” (see Fig.  14.1a )  Urgency  (urinary) is defi ned as the “ com-
plaint of a sudden, compelling desire to pass urine which is diffi cult to defer. ” It is 
important to note that urgency is a symptom and may or may not be represented by 
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fi ndings of DO on UDS. In fact, it is well established that up to 50 % of patients with 
urgency incontinence do not demonstrate DO on UDS tracings [ 2 ].

   Vesical pressure ( P  ves ) is the  measured  pressure inside the bladder. It is measured 
with a pressure transducer catheter placed into the bladder. Abdominal pressure ( P  abd ) 
is the  measured  pressure inside the abdomen. It is usually measured with a pressure 
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  Fig. 14.1    ( a ) This is an example of detrusor overactivity (highlighted by the  circle ) during the 
fi lling cystometrogram. The  P  det  tracing is calculated using  P  ves  and  P  abd  values as explained in ( b ). 
( b ) Using the equation  P   det    = P   ves    − P   abd  , the calculated  P  det  ( circled ) in the fi gure on the left is zero 
since the rise in  P  ves  is associated with a rise in  P  abd  (highlighted by the  arrow ). This can be seen, 
as in this case, due to a Valsalva maneuver which causes a slow controlled rise in the  P  abd  and  P  ves  
tracings for the duration of the maneuver. Conversely, the calculated  P  det  ( circled ) in the fi gure on 
the right represents a true increase in detrusor pressure since the rise in  P  ves  is not associated with 
a rise in  P  abd  (highlighted by the  arrow ). In other words, the increase in  P  det  is independent of any 
intraabdominal pressure activity.       
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transducer catheter placed into the rectum. Detrusor pressure ( P  det ) is a  calculated  
value of the difference between  P  ves  and  P  abd  such that  P   det    = P   ves    − P   abd   (Fig.  14.1b ). 
 P  det , though a completely derived number, represents the true value of the pressure 
generated by the bladder and is distinguished from changes in the pressure tracings 
due to increased abdominal pressure such as that seen with coughing or straining. 
From a clinical perspective, evaluating the value of  P  det  is important, as documented 
by McGuire, due to the potentially deleterious effects on the upper tracts when the 
detrusor pressure ( P  det ) during fi lling or voiding is sustained above 40 cm H 2 O [ 3 ]. 

 The normal micturition cycle involves passive low-pressure fi lling of the bladder 
and a coordinated detrusor contraction coupled with urinary sphincter relaxation for 
the evacuation of urine. A normally functioning bladder stores urine at low pres-
sures as a result of the bladder’s viscoelastic properties and compliance. Filling 
cystometry provides information regarding bladder sensation, bladder capacity, 
detrusor activity, and bladder compliance. In addition, it is during this phase of the 
urodynamic study that the bladder outlet can be assessed for weakness (stress uri-
nary incontinence). The two phases of UDS include the fi lling/storage phase and 
voiding phase (Fig.  14.2 ). Detrusor activity is normal during the voiding phase as 
the bladder contracts to expel urine. Detrusor activity should not be present during 
the fi lling and/or the storage phases and when seen is considered involuntary and is 
referred to as DO. DO can occur spontaneously or as a result of provocation. 
Provocative maneuvers such as coughing (Fig.  14.3 ) and Valsalva maneuvers are 
performed during the storage phase to assess for SUI. These provocative maneuvers 
can also provoke DO in a phenomenon described as stress- induced DO which will 
be covered later in the chapter.
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    The smooth muscle fi bers of the bladder can exhibit spontaneous action 
 potentials, a phenomenon thought to be the cause of phasic detrusor activity [ 4 ]. 
According to the 2002 ICS standardization of terminology [ 5 ],  phasic detrusor 
overactivity  ( PDO ) is defi ned as  a characteristic waveform, and may or may not 
lead to urinary incontinence . Although the contour of the characteristic waveform 
is not specifi ed, as the name suggests one would expect cyclical increases and 
decreases in the  P  det  tracing (Fig.  14.4 ).

    Neurogenic detrusor overactivity  ( NDO ) replaces the old terminology “detrusor 
hyperrefl exia” and is defi ned as DO in a patient with a neurologic condition 
(Fig.  14.5 ) [ 1 ].

    Idiopathic detrusor overactivity  ( IDO ) (Fig.  14.6 ) replaces the old term “detru-
sor instability” and is the term used when there is no identifi able neurological cause 
for the DO. It is important to note that NDO and IDO may look identical on 
UDS. These terms are strictly defi ned by the patient’s neurologic status and not by 
the presence of IDCs on the UDS tracings.

   A causative relationship between SUI and DO has been suspected but never 
confi rmed. Hindmarsh et al. proposed that proximal urethral underactivity with 
falls in the urethral closure pressure below 30 cm H 2 O was often associated with 
DO. They suggested that DO may originate from stimuli to the bladder outlet [ 6 ]. 
Jung et al. measured the urethral perfusion pressure and isovolumetric bladder 
pressure in the anesthetized rat and concluded that the activation of urethral afferents 
by urethral perfusion can modulate the micturition refl ex. They further speculated 
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that the  theoretical urethral-detrusor facilitative refl ex or “stress-induced DO” 
could be a result of an incompetent bladder neck which allowed urine to reach the 
proximal urethra [ 7 – 9 ]. Interestingly, some women with mixed urinary inconti-
nence (MUI) have resolution of urgency following surgical correction of SUI while 
other women may conversely develop de novo urgency after anti-incontinence sur-
gery [ 10 ]. Unfortunately, current diagnostic methodology does not provide the 
means to accurately determine which patients with MUI would be best served with 
initial management of their SUI versus treatment of their urgency symptoms. SUI 
and DO can also potentially coexist as independent mechanisms which may explain 
the contradictory results reported in the literature evaluating the effects of pharma-
cotherapy and/or surgery in women with MUI. Although defi ning the predominant 
subjective component is important in the assessment of women with MUI, symp-
tom analysis may not always be the most accurate diagnostic tool. The fi ndings of 
stress-induced DO (Fig.  14.7 ) may help the clinician to better understand the 
patient’s picture and ultimately guide the patient and the clinician in their discus-
sions regarding treatment.

   There are two measureable leak point pressures according to the IUGA/ICS joint 
report on urodynamic terminology are the  detrusor leak point pressure  ( DLPP ) and 
 abdominal leak point pressure  ( ALPP ). DLPP is defi ned as  the lowest detrusor 
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pressure at which leakage is observed in the absence of increased abdominal pres-
sure or a detrusor  contraction.   ALPP is defi ned as the  lowest value of intentionally 
increased intravesical pressure (P   ves   ) that provokes urinary leakage in the absence 
of a detrusor contraction.  ALPP can be elicited during coughing (cough LPP) or 
Valsalva maneuver (Valsalva LPP). A group recently investigated incontinence that 
occurred with DO (Fig.  14.8 ), the pressure at which leakage occurred, and its pos-
sible association with subjective severity of urgency and UUI. They noted that sub-
jective symptom severity and bother from urgency and UUI measured by validated 
questionnaires were greater in patients with urodynamic evidence of DO inconti-
nence than those with urgency incontinence without DO [ 11 ]. They also found that 
patients with subjective MUI (UUI + SUI) leaked at a lower mean detrusor pressure 
than those who had pure UUI (19.6 cm H 2 O vs 31.2 cm H 2 O, respectively,  p  = 0.004). 
The clinical relevance of the detrusor pressure at which patients leak with UUI 
remains undefi ned.

    Terminal DO  (TDO) is defi ned as  a single involuntary detrusor contraction 
occurring at cystometric capacity that cannot be suppressed and results in inconti-
nence usually resulting in bladder emptying (voiding) . Investigators from France 
evaluated the demographics, urodynamic fi ndings, and sphincter behavior in 166 
women with a diagnosis of DO. They found that the incidence of PDO (Fig.  14.9 ) 
and TDO (Fig.  14.10 ) was similar at 46.9 and 53.1 % respectively. The PDO group 
were younger (52 ± 19) than the TDO group (63 ± 16) ( p  = 0.0003), and TDO 
occurred more frequently than PDO with increase in age ( p  = 0.006). The frequency 
of neurologic disease in the TDO group was high (60.5 %) in the pre and 
 peri- menopausal age groups (45–74 years) and remained elevated in the other age 
groups (45.8 %) [ 12 ]. Other studies support the fi nding that TDO is related to aging 
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and occurs particularly frequently in elderly patients with neurological conditions 
such as cerebrovascular accidents (CVA) [ 13 – 15 ].

    A sudden increase in detrusor pressure after cessation of voiding and in the 
absence of fl ow has been referred to as a detrusor after contraction (DAC). There are 
various opinions on the causes of DAC. Some believed DAC may be an artifact in 
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the  P  det  measurement when the sensor directly contacts the bladder wall [ 16 ]. 
Others performed cystometric evaluations using three pressure transducers (two 
microtip transducers and one external fl uid-fi lled pressure transducer) and observed 
that in 50 % of the recordings of DAC, the increase in  P  det  was present in all three 
transducers [ 17 ]. Consequently, they concluded DAC was a true detrusor contraction. 
A different interpretation of DAC was proposed by Vereecken and colleagues. 
They noted that in 59 of 65 patients with DAC, the DAC was preceded by a contrac-
tion of the anal or urethral sphincter seen as a burst of activity in the EMG. They 
theorized that DAC developed from the sudden cessation of the outfl ow of urine 
either by voluntary or involuntary interruption of the urethral sphincter causing an 
acute rise in the  P  det  [ 18 ]. Although this urodynamic observation is not new and was 
fi rst reported back in the early 1930s [ 19 ], only a few studies have been published 
which focus on DAC over the past 60 years. To date, no conclusive explanation of 
its signifi cance or clinical importance has been established. 

 The goal of UDS is to reproduce the patient’s symptoms and to determine the 
potential cause of these symptoms by urodynamic measurements or observations. 
In this chapter of “bladder fi lling and storage; (involuntary) contractions,” the goal 
was to identify IDCs during the fi lling and storage phases of UDS. Learning to 
identify the presence of DO during UDS is important. However, its interpretation in 
the context of the patient’s symptoms and condition, for example identifying high 
storage pressure ( P  det  > 40 cm H 2 O) and recognizing its deleterious effects on the 
upper tracts, is far more important in order to better characterize the clinical picture 
and facilitate optimal treatment planning.    
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    Chapter 15   
 Bladder Filling and Storage: 
“Continence: Stress Incontinence” 

             Anne     M.     Suskind       and     J.     Quentin     Clemens     

           Introduction 

    Stress urinary incontinence (SUI) is diagnosed based on the presence of characteris-
tic symptoms and signs. The symptoms of SUI include “the  complaint  of involuntary 
leakage on effort or exertion, or on sneezing or coughing,” while the signs are repre-
sented by “the  observation  of involuntary leakage from the urethra, synchronous 
with exertion/effort, or sneezing or coughing” [ 1 ]. The urodynamic defi nition of SUI 
is “the fi nding of involuntary leakage during fi lling cystometry associated with 
increased intra-abdominal pressure in the absence of a detrusor contraction” [ 2 ]. 

 Studies have demonstrated that urodynamics are not necessary in the evaluation 
of straightforward SUI, where symptoms and signs are highly correlated [ 3 ,  4 ]. 
There are; however, many situations where this is not the case, making urodynamics 
an important and often essential component to the clinical evaluation. Some exam-
ples where urodynamics may be helpful include scenarios where the diagnosis of 
SUI is questionable or where multiple treatment options exist. For example, urody-
namics can be useful in differentiating between components of stress and urge uri-
nary incontinence in a woman with vague complaints, leading to different treatment 
pathways based on the predominant urodynamic diagnosis. Urodynamics can also 
be used to determine the severity of SUI, potentially yielding important information 
regarding which treatment option would be optimal.  
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    Assessment of Urethral Function 

 Before conducting a urodynamic examination for SUI, the clinician must have a 
good understanding of certain measurements that are used to assess urethral func-
tion, as recommended by the American Urological Association’s Guidelines on uro-
dynamics [ 2 ]. Abdominal leak point pressures (ALPPs) and urethral pressure 
measurements are used to measure urethral competency in such circumstances and 
will be discussed in this section. 

    Abdominal Leak Point Pressure 

 The ALPP is a dynamic measurement that is used to assess SUI. As defi ned by the 
International Continence Society, ALPP is the “intravesical pressure at which urine 
leakage occurs due to increased abdominal pressure in the absence of a detrusor 
contraction” [ 1 ]. In other words, the ALPP measures the “ability of the urethra to 
resist abdominal pressures as an expulsive force” [ 5 ]. Theoretically, lower ALPPs 
should correspond to more severe urinary incontinence; however, in practice lower 
ALPPs do not always correlate with symptom severity or treatment outcome [ 6 ]. 
It is important to record the lowest value of this pressure at the exact moment of 
leakage in order to get an accurate measurement [ 7 ]. 

 The ALPP can either be induced by cough (cough leak point pressure, or CLPP) 
or by valsalva (valsalva leak point pressure, or VLPP). McGuire originally sug-
gested fi rst measuring VLPP and only measuring CLPP if the VLPP was negative, 
as CLPP is typically substantially higher [ 5 ]. Further studies have shown that CLPP 
is more sensitive than VLPP in eliciting urinary leakage [ 8 ,  9 ]. 

 Different types of pressures (i.e., Pabd, Pves, Pdet) can be used to measure ALPPs 
[ 10 ,  11 ]; however the initial description by McGuire, who popularized the ALPP 
concept, utilized Pves [ 5 ]. More important than the type of measurement used is the 
notion that urodynamics should be performed in a consistent fashion, particularly 
when repeated measurements are being performed in an individual both over the 
course of a single study and over time. Furthermore, whichever type of measurement 
is chosen to assess ALPPs, this measurement should be consistently performed. For 
the purposes of this chapter, we will defi ne ALPPs using the Pves catheter. 

 ALPP values can be used to quantify the severity of SUI, and this information can 
potentially be used to guide treatment selection. In particular, patients with very low 
ALPP values are often recommended to undergo autologous tissue pubovaginal slings 
rather than other procedures [ 12 ]. Some more recent publications, however, suggest that 
acceptable outcomes can be obtained with midurethral sling techniques, regardless of 
ALPP values [ 6 ]. In contemporary urologic practice, the utility of ALPP values in guid-
ing patient treatment is largely based on individual practice preferences and experience. 
The AUA/society of urodynamics, female pelvic medicine and urogenital reconstruc-
tion (SUFU) guidelines on adult urodynamics  support the use of VLPP to demonstrate 
urodynamic SUI and state that assessment of urethral function (VLPP/ALPP, CLPP, 
and MUCP) can be helpful in predicting outcomes with some types of therapy [ 2 ]. 
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 There are various technical components that can affect the ALPP measurement. 
Intravesical volume can affect the ALPP measurement if it is either too high or too 
low. If the volume is too low, the bladder may not leak, whereas if the volume is 
too high, it may induce an artifactual detrusor contraction that could change the 
interpretation of the study [ 5 ]. ALPPs were fi rst described to be performed at a 
bladder volume of 150 mL [ 12 ], and have since been described at volumes of 
200–300 mL [ 13 ]. 

 Catheter size is another important consideration in the measurement of ALPP. 
A transurethral catheter can act to partially occlude the urethral lumen or even pre-
vent leakage all-together, potentially distorting the value of the ALPP [ 9 ,  11 ]. While 
there is no standard catheter size recommended for urodynamic testing, it is gener-
ally agreed that smaller catheters have less occlusive potential and are generally 
preferred.  

    Urethral Pressure Measurements 

 Urethral pressure measurements are used to assess urethral competence and incon-
tinence severity. Defi ned by Griffi ths in 1985, urethral pressure is “the fl uid pressure 
needed to just open a closed (collapsed) urethra” [ 14 ]. Historically, these measure-
ments have been unstandardized and fraught with diffi culties, making their value 
unclear [ 7 ,  15 ,  16 ]. While it is fully accepted that urethral pressure is an important 
and integral component to urinary continence, it remains challenging to measure 
and characterize this pressure in a reliable manner [ 15 ]. The urethral pressure pro-
fi le (UPP), maximum urethral pressure (MUP), and maximum urethral closure pres-
sure (MUCP) are sometimes used as part of the urodynamic evaluation for SUI and 
will be discussed below. 

 UPP is the graph of intraluminal pressure that is produced when urethral pressure 
is measured by a catheter along the entire length of the urethra. The maximum 
 urethral pressure reading  recorded on this graph is called the MUP, and the maxi-
mum difference between the MUP and the intravesical pressure is the MUCP [ 1 ], 
which is the most commonly used measurement of the urethra in current practice. 
MUCP has been assessed in multiple studies to determine whether or not it can be 
used to predict success among women undergoing anti-incontinence procedures, 
with mixed results [ 17 ,  18 ]. 

 Similar to the measurement of ALPP, there are many technical considerations 
that must be considered when conducting and interpreting urethral pressure mea-
surements. Among them is the catheter that is used to make the measurements. 
These catheters often have side holes (for fl uid infusion) or a side-mounted trans-
ducer (for pressure measurements) that change the orientation of the catheter, 
potentially leading to misleading measurements. For example, a transducer that is 
facing the pubic symphysis may show a signifi cantly higher MUCP than one facing 
the vaginal wall [ 19 ]. Urethral stiffness can also be problematic when obtaining 
accurate urethral pressure measurements. This is due to the fact that the urethral 
catheters do not directly measure urethral pressure, but rather they measure the 
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 normal stress component on the surface of the transducer. Stress, furthermore, is 
affected by the interaction between the urethral tissue and the transducer surface, 
and can be artifi cially high in a stiff urethra [ 15 ]. For these reasons, catheters should 
be as thin and fl exible as possible.   

    How to Perform an Urodynamics Evaluation for SUI 

 Urodynamics should be performed in a thoughtful manner that is technically repro-
ducible. As with any urodynamic study, there should be a clear clinical question that 
is driving the study. The fi rst consideration for each study should be the position of 
the patient. In order to evaluate for SUI, the patient is commonly standing (for 
males) or sitting (for females). It is important to be able to simulate a situation that 
reproduces the patient’s urinary incontinence during the examination, which can 
potentially be done in either position. 

 The technical qualities of the urethral catheter are another important consider-
ation when performing urodynamics. Double-lumen catheters are standard equip-
ment for the measurement of intravesical and intraurethral pressure. The 
double-lumen allows for simultaneous measurement and fi lling in a fi ll/void 
sequence without the need for re-catheterization [ 20 ]. The size of the catheter is 
another important consideration, as there is evidence to believe that fl ow can be 
reduced or altered by larger catheters. The International Consultation on Incontinence 
Committee on “Dynamic Testing” recommends the use of thinner (5–7 F) double- 
lumen catheters for fi lling and pressure recording [ 21 ]. 

 The bladder should be fi lled via the bladder catheter to an appropriate volume to 
assess the ALPP. We recommend starting these provocative maneuvers at a volume 
of 150 mL and re-testing every 50–100 mL until SUI is elicited. A combination of 
cough and valsalva can be used to reproduce signs of urinary leakage. Fluoroscopy 
can be used to capture images during urinary leakage in order to evaluate the blad-
der neck and urethra. 

 Once ALPP maneuvers have been completed, the urethral pressure measure-
ments can be performed. Typically they are conducted as the catheter is withdrawn 
from the bladder and urethra. 

    Use of Pabd Catheter 

 In most urodynamics studies both Pabd and Pves catheters are used. There are cer-
tain situations; however, when the use of a Pabd catheter may not be necessary. For 
example, in neurogenic patients the primary focus of the study is often on the fi lling 
phase and the use of Pabd adds time and inconvenience for the patient. Therefore, 
we tend to utilize a selective approach with use of Pabd and focus its use on patients 
where obtaining a calculated detrusor leak point pressure is a primary question.   
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    Examples 

    Example 1 

  Clinical History : Forty-nine-year-old female with a neurogenic bladder has persis-
tent urinary incontinence per urethra after an ileovesicostomy. The patient wears 
two to three large protective undergarments per day. It is unclear whether the etiol-
ogy of her urinary incontinence is due to her bladder (detrusor overactivity) or to an 
incompetent bladder outlet (open bladder neck or intrinsic sphincter defi ciency 
[ISD]) (Figs.  15.1 ,  15.2 , and  15.3 ).

      Commentary on Example 1 : This tracing shows SUI with provocative maneuvers 
at a volume of 132 mL (Fig.  15.1 ). At this volume, the patient has a VLPP of 44 cm 
H 2 O and a CLPP of 102 cm H 2 O (Fig.  15.2 ). First sensation was noted at 
18 mL. During fi lling, this tracing demonstrates normal compliance. Bladder capac-
ity was 172 mL. There were no involuntary detrusor contractions. Fluoroscopy 
images showed an open bladder neck, both at rest and during leakage (Fig.  15.3 ). 
Contrast was noted to empty via the patient’s ileovesicostomy into the collection 
bag at low pressures (20 cm H 2 O). 

 The impression is that the patient has SUI secondary to ISD. 
 This study was able to determine the etiology of the patient’s urinary  incontinence. 

Due to her open bladder neck, which is a common fi nding among patients with 
neurogenic conditions, this condition needs to be addressed surgically. Options to 
surgically address the urethra include periurethral injection therapy, an occlusive 
autologous tissue sling, or bladder neck closure. 

0

0

100

100

82

50

600

600

-82

Pves
0

199 ^
cm H2O

LABORE
13973min

Pura
0

177 ^
cm H2O

EMG
22

145 ^
none

Flow
0

9 ^
ml/s

Volume
0

23 ^
ml

VH2O
13

172 ^
ml

0

0

0

33

58

5

0 0

01

13

3

51

49 37

53

3

0

0

2817

36

56 66 64

3550 16 88

07

30 16 12 15 8 13

54 86 61 67

38 87

83

75 09 40

75

5 5 84

0

0

57 64 71 84

0 0

0 0 0

0

0 0

0 9 19 21 21 21

0 0 0 0

1332 132 140 149 166 172

132 mL

  Fig. 15.1    Urodynamics tracing for Example 1       
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  Fig. 15.2    Portion of urodynamics tracing for Example 1 showing SUI       

  Fig. 15.3    Fluoroscopy image for Example 1 showing an open bladder neck during leakage of urine       
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 The quality of this tracing is good. Of note, no abdominal catheter was used in this 
study. Often we choose not to use an abdominal catheter in the evaluation of neuro-
genic patients because the measurement of detrusor pressure (as opposed to vesical 
pressure) is frequently unnecessary to answer the clinical question, as in this case.  

    Example 2 

  Clinical History : Sixty-seven-year-old female with symptoms of mixed urinary 
incontinence. It is unclear from her history whether her symptoms are predomi-
nantly related to stress or urge urinary incontinence. The patient tried Imipramine 
without benefi t and has a 24 h pad weight of 205 g (Figs.  15.4  and  15.5 ).

     Commentary on Example 2 : This tracing shows evidence of SUI (Fig.  15.4 ). First 
sensation is at 82 mL. Compliance is normal. Capacity is 344 mL. Stress maneuvers 
were performed at approximately 200 mL and again at 250 mL. These maneuvers 
demonstrated SUI with a VLPP of 80 cm H 2 O at 266 mL. There were no involuntary 
detrusor contractions. Voiding was assessed with a pressure fl ow study. This dem-
onstrated a normal bell-shaped fl ow curve with a peak fl ow rate of 23 mL/s and a 
maximum detrusor pressure of 33 cm H 2 O. The patient emptied her bladder to com-
pletion. Fluoroscopy showed a smooth-walled bladder and a bladder neck that was 
closed at rest and opens during leakage and voiding (Fig.  15.5 ). 

 This patient has SUI. 
 The study was able to determine the predominant signs of SUI in a setting where 

the patient had indeterminate symptoms that did not allow us to differentiate 
between stress and urge urinary incontinence. 
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  Fig. 15.4    Urodynamics tracing for Example 2       
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 For the most part, the quality of this tracing is good. Of note, the catheter changed 
position about half-way through the study and was readjusted and re-zeroed, indi-
cated by a sharp change in the tracing shown at 133 mL. This commonly occurs 
during urodynamic evaluations and it does not mean that the study has to be 
re-started.  

    Example 3 

  Clinical History : Sixty-nine-year-old male with history of myasthenia gravis and 
urinary incontinence. The patient has a history of a colectomy for colon cancer and 
has an ileostomy. The urodynamics study was performed in order determine the 
etiology of his urinary leakage (Figs.  15.6  and  15.7 ).

     Commentary on Example 3 : This tracing demonstrates SUI with provocative 
maneuvers at 74 mL and again at 279 and 306 mL (Fig.  15.6 ). The tracing shows a 
CLPP of 69 cm H 2 O at 279 mL and a VLPP of 54 cm H 2 O at 306 mL. As is often 
the case in male patients, leakage of urine was visualized at the meatus and on 
 fl uoroscopy, but was not captured on the urodynamic tracing. The patient reported 
no bladder sensation. Compliance was normal and bladder capacity was 306 mL. 
There was no evidence of detrusor overactivity. The patient was unable to void with 
the catheter in place, but was able to void for an urofl ow examination with a maxi-
mum fl ow rate of 51 mL/s in a sawtooth pattern, indicative of valsalva voiding. 

  Fig. 15.5    Fluoroscopy image 
for Example 2 showing an 
open bladder neck during 
leakage of urine       
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Fluoroscopy showed an open bladder neck at rest. The bladder wall was smooth and 
no vesicoureteral refl ux was noted (Fig.  15.7 ). 

 This patient has SUI secondary to an open bladder neck and ISD. These fi ndings 
are most likely attributable to his underlying myasthenia gravis or his prior 
colectomy. 
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  Fig. 15.6    Urodynamics tracing for Example 3       

  Fig. 15.7    Fluoroscopy image for Example 3 during leakage of urine       
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 This tracing was helpful to defi ne the origin of the patient’s SUI. Potential 
 treatment options aimed at restoring the position and function of the bladder neck 
include a medication trial (e.g., imipramine, duloxetine), injectable therapy to the 
bladder neck, male sling, or artifi cial urinary sphincter placement. 

 The quality of this tracing is good. A rectal catheter was not used because of the 
patient’s altered anatomy (i.e., colectomy). In this patient, we were able to obtain 
our clinical answer without the use of this catheter. Additionally, this patient was 
unable to void with the urethral catheter in place. This is a common occurrence, and 
in this case, the urofl ow was able to give us adequate information.  

    Example 4 

  Clinical History : Sixty-one-year-old female with refractory urinary incontinence. 
She reports “diffi culty delaying urination,” especially when she stands up from a 
seated position. Twenty-four hour pad weight is >400 g. She has tried imipramine, 
an antimuscarinic, and estrogen cream in the past, all without any notable benefi t. 
The patient also has a history of a “bladder suspension” that was performed approx-
imately 20 years ago. It is unclear whether she has stress or urge predominant uri-
nary incontinence (Figs.  15.8 ,  15.9 , and  15.10 ).

      Commentary on Example 4 : This tracing shows stress maneuvers resulting in the 
demonstration of stress incontinence (Fig.  15.8 ). The patient had a VLPP of 106 cm 
H 2 O at 198 mL and a CLPP of 147 cm H 2 O at 236 mL. Interestingly, as shown in 
Fig.  15.9 , the stress incontinence induced an involuntary detrusor contraction, result-
ing in the leakage of a larger amount of urine. Since a Pabd catheter was not used in 
this study, we can determine that this was an involuntary detrusor contraction based 
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the patient’s sensation of a bladder contraction during this point in the study. This 
point emphasizes the importance of being present during the urodynamics evalua-
tion in order to correctly interpret the fi ndings. Bladder compliance was normal. 
First sensation was almost immediate at 7 mL. Bladder capacity was 278 mL. Voiding 
resulted in a fl ow pattern that was fl attened. Peak fl ow rate was 12 mL/s and maxi-
mum detrusor pressure during fl ow was 81 cm H 2 O. Post-void residual was zero. 
Pelvic fl oor muscles relaxed during voiding. Fluoroscopy showed an open bladder 
neck during leakage of urine (Fig.  15.10 ). 

 The patient has stress-induced detrusor overactivity resulting in the leakage of 
urine. 

 This study was very helpful in determining the predominant etiology of the 
patient’s mixed urinary incontinence. Due to this clear sequence of events (i.e., 
stress followed by urge incontinence), it is logical to fi rst address the stress compo-
nent. Options for addressing the stress component include pelvic fl oor physical 
therapy, urethral bulking agents, and midurethral or pubovaginal slings. Options for 
addressing the urge component include avoidance of fl uid and food irritants, timed 
voiding, pelvic fl oor physical therapy, and antimuscarinic therapy. 

 This is a nice tracing that demonstrates a couple of key points. The fi rst point is 
that it is very important for the clinician to be present during the urodynamic study 
in order to be able to appreciate the sequence of events, which was crucial in making 
the diagnosis in this case. Simply reading the tracing without knowledge of this tim-
ing in real time might lead to missing the stress component of the leakage, since this 
was not captured particularly well on the tracing. Another point is that the addition 
of fl uoroscopy was helpful to be able to localize the timing of leakage to the stress 
maneuver or to the detrusor contraction in real time.  

    Example 5 

  Clinical History : Fifty-eight-year-old male with urinary incontinence status post- 
radical prostatectomy. The patient reports severe incontinence and uses 10–15 male 
pads per day (Figs.  15.11 ,  15.12 , and  15.13 ).

      Commentary on Example 5 : This tracing demonstrates leakage with stress maneu-
vers at a volume of 150 mL (Fig.  15.11 ). As evidenced in the tracing, VLPP was 
95 cm H 2 O and CLLP was 229 cm H 2 O at this volume (Fig.  15.12 ). Bladder compli-
ance was normal, and capacity was 402 mL. There were no involuntary detrusor 
contractions. The patient was able to void to completion (post-void residual = 0) at a 
volume of 402 mL. Flow pattern was bell-shaped with a peak fl ow rate of 9 mL/s. 
Detrusor pressure at peak fl ow was 39 cm H 2 O. Fluoroscopy shows a funnel pattern 
to the bladder neck, consistent with previous radical prostatectomy (Fig.  15.13 ). 

 This patient has SUI at relatively low volumes and with simple maneuvers. 
 Both the urodynamic tracing and the fl uoroscopy were helpful during this study. 

The tracing documented severe SUI and the fl uoroscopy indicated a normal bladder 
neck, i.e., no bladder neck stenosis. The most defi nitive surgical treatment for this 
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  Fig. 15.11    Urodynamics tracing for Example 5       

10:20
VL Re CL

21-21

63

32130

113

16

49

124

150

52

2326

37

150150

11

00

1

0

10:25 10:30 10:35 10:40 10:45 10:50 10:55 11:00 11:05 11:10 11:15 11:20 11:25

CLPPVLPP

  Fig. 15.12    Portion of urodynamics tracing for Example 5 showing SUI       

 

 

15 Bladder Filling and Storage: “Continence: Stress Incontinence”



222

patient would be an artifi cial urinary sphincter due to the severity of his symptoms 
and low ALPPs. 

 This tracing is of good quality. Of note, as is often the case in male patients, the 
tracing does not pick up small amounts of leakage per urethra, due to the nature of 
the male anatomy. This is where it is useful to have fl uoroscopy to visualize the 
leakage in the urethra and to be present for the test.  

    Example 6 

  Clinical History : Forty-three-year-old female with symptoms of SUI and urinary 
frequency. A uterine mass was palpated on vaginal exam (Figs.  15.14  and  15.15 ).

     Commentary on Example 6 : Leakage of urine with stress maneuvers was demon-
strated at 140 mL (Fig.  15.14 ). The VLPP and CLLP were each 70 cm H 2 O at this 
volume. The patient noted fi rst sensation at 20 mL and reported fi rst desire to void 
at 70 mL. She experienced a strong urge at 141 mL. Bladder capacity was deter-
mined to be 150 mL, as limited by this strong sense of urgency. Bladder compliance 
was normal. There are no involuntary bladder contractions. Fluoroscopy showed a 
mass pressing posteriorly on the bladder (Fig.  15.15 ). The voiding phase demon-
strated a bell-shaped curve with a maximum fl ow of 23 mL/s and a post-void resid-
ual of 20 mL. 

  Fig. 15.13    Fluoroscopy image for Example 5 during leakage of urine       
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 This patient has SUI and a small capacity bladder secondary to compression of 
the bladder from a uterine mass. 

 In terms of treating this patient, the fi rst step is to work-up the uterine mass. Once 
this is addressed, appropriate treatment for the stress incontinence might include 
avoiding fl uid and food irritants, timed voiding, urethral bulking agents, and a 
midurethral sling. 
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  Fig. 15.14    Urodynamics tracing for Example 6       

  Fig. 15.15    Fluoroscopy image for Example 6       
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 The tracing for this study is of good quality, but it is really the fl uoroscopy that 
makes the diagnosis. This is an example of where fl uoroscopy changes the interpre-
tation of the study and is very valuable.      
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Chapter 16
Bladder Emptying: Contractility

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

 Definition of Bladder Contractility

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

Other factors, such as outlet resistance, can also greatly affect bladder contractil-
ity. Enhanced outlet resistance, in the setting of bladder outlet obstruction, will 
result in increased detrusor force for a variable period of time, followed potentially 
by a loss of force depending on the severity and duration of obstruction. Similarly 
diminished outlet resistance, for example in the setting of stress urinary inconti-
nence, has been shown to result in lowered detrusor pressures during voiding.
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The voiding phase of cystometry, also known as the pressure-flow study,
measures the relationship between detrusor pressure and flow rate during voiding.
While a low flow rate alone may be more likely to be associated with bladder
outlet obstruction, this clearly is not always the case. Indeed, the primary purpose 
of the pressure-flow study is to differentiate bladder outlet obstruction from low
flow due to detrusor underactivity or acontractility. Similarly, while uncommon,
patients with relatively normal flow may have quite elevated detrusor pressures
suggestive of obstruction, a diagnosis which can only be made during pressure-
flow analysis [3, 4].

 Assessment of Bladder Contractility

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

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

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

2
p p

//3

 

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

regarding normative values particularly in female patients [6, 8, 9]. A WFmax of 
<12 μW/mm2 for males and <5 μW/mm2 for postmenopausal females has been used 
in some studies to define detrusor underactivity [8, 10, 11]. Use of WF may not be 
suitable for practical use due to complexity of the calculation, poor reproducibility, 
and lack of standardized cutoff values [6, 8].
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Schafer simplified the approach to classify contractile strength based on 
relationship of detrusor pressure and urine flow rates in men with bladder outlet
obstruction [1, 12]. Bladder contractility index (BCI) is based on detrusor pressure
at maximum flow rate (Pdet@Qmax) and maximum flow rate (Qmax):

 BCI = +P Q Qdet max max@ 5  

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

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

 PIP = +P Q Qdet max max@ .  

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

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

 Detrusor Underactivity

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

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

Clinical scenario 1 (Fig. 16.1):

Urethral relaxation

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

Clinical scenario 2 (Fig. 16.2):

Reduced outlet resistance, low pressure voiding in woman with SUI

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

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

Clinical scenario 3 (Fig. 16.3):

Detrusor underactivity/Crede voiding

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

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

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

Idiopathic detrusor underactivity following radical prostatectomy

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

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

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

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

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

(c
m

 H
2O

)
P

ve
s

(c
m

 H
2O

)
P

ab
d

(c
m

 H
2O

)
P

d
et

(m
l/s

)
F

lo
w

(m
l)

(m
l)

0

0

0

0

600-1106

1106

600

0
50

0
100

0

13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00 17:30 18:30 19:0018:00 19:30 20:00 20:30 21:00 21:30 22:00 22:30 23:00 23:30 24:00

100

100

0

0

0

0

600-1106

1106

600

0
50

0
100

0
100

100

V
o

lu
m

e
(n

o
n

e)
E

M
G

V
H

2O
(m

l)

0

Fig. 16.5 Urodynamic tracing of a male with post-prostatectomy incontinence and relative detru-
sor hypocontractility. Similar to women with SUI, a compromised bladder outlet in a male can also 
be associated with low voiding pressures. Stress urinary incontinence denoted by black arrow. 
Permission to void denoted by red arrow

C. Bacsu et al.



235

 Treatments for Detrusor Underactivity

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

 Acontractile Detrusor

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

 Treatments for Detrusor Acontractility

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

Acontractile detrusor in a female

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

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

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

Clinical Scenario 7 (Fig. 16.7)

Acontractile detrusor in elderly male

A 72-year-old male with chronic history of difficulty voiding and post-void drib-
bling, which was never treated. Noted to have PVR of 650 mL. Urodynamic study 
shows large bladder capacity, delayed desire to void, a stable bladder during filling, 
normal compliance, and detrusor acontractility on attempt to void.
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Fig. 16.7 Urodynamic tracing in an elderly male with large capacity bladder, delayed bladder 
sensation, and inability to urinate. Note no significant increase in detrusor pressure during voiding 
attempt. Permission to void denoted by red arrow
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 Abnormal Detrusor Contractility

Clinical Scenario 8 (Fig. 16.8)

Detrusor after contraction

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

Clinical Scenario 9 (Fig. 16.9)

“Super Voider”

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

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

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

Clinical Scenario 10 (Fig. 16.10):

DHIC in a female

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

Her urodynamics demonstrate reduced MCC of 245 mL. SUI was not seen with 
cough or valsalva during filling. She has urgency incontinence with terminal 
 detrusor overactivity at 245 mL. After permission (denoted by red arrow), she voids 
primarily by straining and does not generate very high detrusor pressures. Qmax is 
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14 mL/s with an intermittent stream. Determination of Pdet is especially challenging 
in the setting of valsalva voiding. She has a residual of 60 mL. This picture is sug-
gestive of detrusor hyperactivity with impaired contractility.

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

Clinical Scenario 11 (Fig. 16.11)

DHIC in a male

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

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

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

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

 Valsalva Voiding

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

Clinical scenario 12 (Fig. 16.12):

Post-prostatectomy valsalva voider

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

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

Clinical scenario 13 (Fig. 16.13):

Female who strains to empty

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

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

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

 Fowler’s Syndrome

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

Difficulty voiding in female

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

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

Bladder contractility is a measure of detrusor muscle contractile strength and it can 
be affected by a variety of factors. Urodynamics is the only established tool used to 
evaluate bladder contractility and thus the overall bladder function. During assess-
ment of the bladder contractility, flow rate must also be taken into consideration as
outlet resistance can greatly affect bladder contractility. Understanding the relation-
ship between bladder contractility and outlet resistance relation is of paramount 
importance. A careful analysis of the urodynamic tracing along with a thorough 
understanding of the clinical scenario can aid tremendously in a better understand-
ing of the pathophysiology and help guide treatment recommendations.
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    Chapter 17   
 Bladder Emptying: 
Coordination of Bladder and Sphincters 

             Cory     Harris      ,     Philip     P.     Smith    , and     Angelo     E.     Gousse    

           Introduction 

 In order to accurately interpret an urodynamics study one must have a fundamental 
knowledge of the normal micturition cycle and the complex but intuitive coordina-
tion of urinary sphincters. The micturition cycle is composed of two phases (1) the 
bladder fi lling/urinary storage phase and (2) the voiding phase. Micturition is con-
trolled by multiple refl ex pathways that coordinate urethral and bladder function. 
These pathways maintain a reciprocal relationship between the urinary bladder and 
the urethral outlet. In general, bladder fi lling is under sympathetic control with 
increased sympathetic activity to the bladder neck and pudendal innervations to the 
external urinary sphincter (EUS). This activity negates parasympathetic input to the 
bladder and inhibits detrusor contraction. Voiding is normally accomplished by acti-
vation of the micturition refl ex—which is the result of de-suppression of the pontine 
micturition center (PMC). During bladder fi lling, neurons within the PMC are 
turned off. However, at a critical level of bladder distention, the afferent activity 
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arising from the volume transduction process is suffi cient to breach consciousness, 
resulting in the desire to urinate.  A socially appropriate situation is sought, and at 
this point suppression of the PMC is released, thereby turning on the “hardwired” 
voiding refl ex [1].  This refl ex results in relaxation of the external urethral sphincter, 
contraction of the bladder due to parasympathetic stimulation with inhibition of 
sympathetic input, and suppression of the sacral guarding refl ex.  This same pattern 
of activity is elicited at lower, subthreshold volumes with voluntary voiding, a 
unique example of conscious control over an autonomic-mediated visceral process. 

 One is able to assess these concepts on urodynamics. During bladder fi lling, there 
is a gradual increase in sphincter electromyogram (EMG) activity. The voiding phase 
commences during urodynamics once permission is given to void. Once permission is 
given, just prior to voiding, the fi rst recorded event is a sudden and complete relax-
ation of the striated sphincteric muscles, characterized by complete electrical silence 
of the EMG [ 2 ]. This is followed almost immediately by a rise in detrusor pressure as 
the bladder and proximal urethra become isobaric. The vesical neck and urethra open 
and voiding ensues. If a person wants to stop in the midst of voiding or to prevent 
voiding during an involuntary detrusor contraction, he or she contracts the striated 
sphincter, interrupting the stream and then, through a refl ex mechanism, the detrusor 
contraction abates. The sphincter complex is also coordinated during sudden increases 
in abdominal pressure. During coughing or Valsalva maneuvers there is a refl ex con-
traction of the sphincter manifested as an increase in EMG activity (Fig.  17.1 ).

   Notice in Fig.  17.1 , as bladder fi lling occurs EMG activity increases (increased 
somatic innervation to external sphincter) at the line annotated as “strong desire.” 
Once the patient is given the command, permission to void (line titled “void”), EMG 
activity diminishes, a detrusor contraction is generated and voiding ensues (Fig.  17.2 ).

  Fig. 17.1    Normal voiding 
pattern       
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   In Fig.  17.2  there is increased EMG activity during an involuntary detrusor con-
traction. Ordinarily the sphincter complex relaxes resulting in EMG quieting prior 
to voiding. In some cases it is normal to see increased EMG activity during detrusor 
contraction. Contracting the external sphincter (Kegels) during episodes of urgency 
helps to suppress the detrusor contraction by decreasing parasympathetic activity to 
the bladder. Once this happens, the detrusor contraction abates and urgency is 
relieved. In Fig.  17.2 , notice the increase in EMG activity during an involuntary 
detrusor contraction. This results in increased urethral resistance with preserved 
continence and the detrusor contraction is abated and fi lling continues until the next 
involuntary detrusor contraction at which point contraction of pelvic fl oor occurs 
again. In this scenario, sphincter contraction during detrusor contraction is a normal 
response, however, in other situations this process can represent pathology. 

 Figure  17.3a, b  was taken during the voiding phase of an urodynamics study 
evaluating a 13-year-old female with persistent daytime and nighttime incontinence. 
She has a history of chronic constipation and holding her urine. The patient’s symp-
toms worsened with puberty. Patient is neurologically normal with no evidence of 
occult spinal dysraphism on exam.

   During this study, once the patient was given permission to void there is evidence 
of increased EMG activity during voluntary detrusor contraction resulting in inter-
mittency of urinary fl ow. Involuntary contraction of the external urethral sphincter 
during voiding in the absence of neurologic injury or disease is known as dysfunc-
tional voiding. It has also been described as learned voiding dysfunction and by 
some as non-neurogenic, neurogenic bladder [ 3 ]. Dysfunctional voiding, as defi ned 
by the International Continence Society (ICS), is an intermittent and/or fl uctuating 
fl ow rate due to involuntary intermittent contractions of the periurethral striated 
muscle during voiding, in neurologically normal subjects [ 4 ]. It can be diffi cult to 
diagnose using surface EMG electrodes because of other factors that can produce 
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increased EMG activity on a tracing, including attempts at augmenting bladder con-
tractions by abdominal straining, movement, guarding refl ex, and wet electrodes. 
Using fl uoroscopy has proven invaluable in the diagnosis because one can see a 
dilation of the urethra to the level of the striated sphincter (spinning top urethra) 
and/or intermittent contractions of the striated sphincter. Figure  17.3b  is the fl uoro-
scopic image taken at time of EMG activation. As indicated by notched arrows the 
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patient’s bladder neck opens however there is minimal fl ow past EUS during this 
episode of sphincter activity (Fig.  17.3a, b ). 

 The differences between the two studies are subtle but important. Once there is a 
conscious decision to void, the dominant refl ex pathways are those responsible for 
bladder emptying. The fact that the patient’s EUS complex activates during a 
 conscious void is pathologic. The other difference is in Fig.  17.2  where there is a 
conscious contraction on the pelvic fl oor resulting in increased EMG activity 
(an adaptive mechanism to prevent incontinence) whereas in Fig.  17.3  this is a 
learned, involuntary activation of pelvic fl oor. One way to determine if increased 
EMG activity is voluntary versus involuntary is to simply ask to patient during event 
while the study is in progress (Fig.  17.4 ).

   In Fig.  17.4 , rises in abdominal pressure (as noted by notched horizontal arrows) 
are associated with increases in EMG activity (diagonal arrows). This is due in part 
by the guarding refl ex. Increases in abdominal pressure lead to increased EMG 
activity to maintain continence in patients with an intact refl ex arc. 
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  Fig. 17.4    Rise in EMG activity during increase in intra-abdominal pressure       
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 Neurological conditions, lesions, or trauma can cause disturbances in urinary 
storage and voiding resulting in bladder dysfunction. Detrusor sphincter dyssynergia 
(DSD) is defi ned by the ICS as “   the impaired coordination between detrusor and 
sphincter during voiding due to a neurologic abnormality (i.e., detrusor contraction 
synchronous with contraction of the urethral and/or periurethral striated muscles)” 
[ 4 ]. Neurological conditions more commonly resulting in DSD include: SCI, MS, 
spinal dysraphism and transverse myelitis. In the absence of a neurological abnor-
mality, impaired coordination of bladder contraction and sphincter relaxation is more 
appropriately referred to as dysfunctional voiding or pelvic fl oor hyperactivity. 

 As noted previously, during normal voluntary micturition, once the threshold 
bladder distention is reached, PMC activation increases inhibiting spinal guarding 
refl exes and transmits excitatory signals to the bladder. The EUS relaxes with syn-
ergistic contraction of the detrusor as noted in Fig.  17.1 . 

 DSD occurs in the setting of neurological abnormalities between the PMC and 
sacral spinal cord (Onuf’s nucleus). This interruption is thought to result in failed 
inhibition of spinal guarding refl exes, and erroneous excitation of Onuf ’s nucleus 
causing external urethral sphincter contraction to occur during detrusor contraction 
(Fig.  17.5 ).

   Figure  17.5  is a tracing from a 34-year-old female with transverse myelitis. 
Notice the increased EMG activity during detrusor contraction. Diagnosis of DSD 
by EMG requires elevated EMG activity during detrusor contraction, in the absence 
of Valsalva and Crede maneuvers. These maneuvers would be detected as a rise in 
 P  abd . Notice there is no rise in  P  abd . 

 Figure  17.6a  is a tracing from a 5-year-old male with a history of tethered cord 
who underwent urodynamics to assess voiding function. Notice with the rise in  P  abd  
there is also increased EMG activity as discussed earlier. Also note during bladder 
contraction as noted by rise in  P  det  there is also increased EMG activity consistent 
with diagnosis of DSD (Fig.  17.6a, b ).

  Fig. 17.5    Detrusor sphincter dyssynergia. An involuntary contraction of the striated sphincter that 
continues throughout the involuntary detrusor contraction       
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   In Fig.  17.6b , this patient has an open bladder neck (represented with solid white 
arrow) with a dilated posterior urethra (thin black arrow), however there is no con-
trast seen past the area of the EUS (notched white arrow). Pathology such as 
Parkinson’s disease, dysfunctional voiding, and bladder outlet obstruction from 
 urethral stricture and very rarely urethral atresia should be considered before the 
diagnosis of DESD, as they may have similar urodynamic fi ndings.  

  Fig. 17.7    ( a ) Urodynamic tracing of obstructive (high-pressure, low-fl ow) void pattern. 
( b ) Fluoroscopic image during voiding phase demonstrating a closed bladder neck ( arrow )         
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    Primary Bladder Neck Obstruction 

 As was mentioned in the introduction, continence is maintained by both the bladder 
neck (or proximal sphincter), and the external urethral sphincter which is under 
sympathetic and pudendal control respectively. We have already discussed external 
sphincter pathology, and we will now review bladder neck pathology. In order to 
void successfully, the bladder neck must open. When the bladder neck fails to open 
adequately during voiding it results in obstruction to urinary fl ow (see Fig.  17.7a ). 
In this tracing the patient clearly has an obstructed voiding pattern (high detrusor 
pressure with low urinary fl ow rate). This could be due to benign prostatic hyperpla-
sia, urethral stricture or a variety of other pathologies in males. In females this trac-
ing could represent obstruction from pelvic organ prolapse, urethral stricture, 
history of anti-incontinence surgery, or urethral diverticulum, among others. Notice 
there is no signifi cant increase in EMG activity during void as seen in tracing with 
patient with DSD or dysfunctional voiding ( the EMG only refl ects changes in the 
EUS complex). In either sex, an important cause of these fi ndings includes bladder 
neck obstruction: anatomic or functional (Fig.  17.7a ).

   The voiding phase of the micturition cycle is characterized by a coordinated decrease 
in outlet resistance, with opening of the bladder neck and relaxation of the EUS with 
a simultaneous increase in bladder pressure from detrusor contraction. The fl uoro-
scopic image in Fig.  17.7b  was taken during the voiding phase of the study. Notice 
there is no bladder neck funneling. The arrow demonstrates closed bladder neck. 

Fig. 17.7 (continued)
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 These fi ndings are consistent with diagnosis of primary bladder neck obstruction 
(PBNO). PBNO is a videourodynamic diagnosis, the hallmark of which is relative 
high-pressure, low-fl ow voiding with radiographic evidence of obstruction at the 
bladder neck with relaxation of the striated sphincter, and no evidence of distal 
obstruction [ 5 ]. Failure of the bladder neck to open with a detrusor contraction can 
only be diagnosed by simultaneous imaging of the bladder outlet during voiding. 
This process can be present in both women and men. The treatment options for men 
and women with PBNO are the same and include watchful waiting, pharmacother-
apy with alpha-adrenergic blockade, or surgical intervention with endoscopic inci-
sion of bladder neck (Figs.  17.7b ).

   All urodynamics studies should be interpreted in context of the patient’s history 
and physical. The tracing above is of 50-year-old female with irritative voiding symp-
toms after undergoing a mid-urethral sling for stress urinary incontinence. Although 
Figs.  17.7b  and  17.8  have similar radiographic fi ndings the etiology of these fi ndings 
differs. The fi ndings in Fig.  17.8  are likely related to the patient’s  history of anti-
incontinence surgery resulting in obstruction at the bladder neck. The differential 
diagnosis of these fi ndings includes bladder neck contracture from previous prostate 
surgery, urethral stricture, and enlarged prostate in male patients, as in Fig.  17.7b . In 
females, it includes prolapse repair with sub-urethral plication, history of anti-incon-
tinence surgery and hyperactive pelvic fl oor as demonstrated in Fig.  17.8 .

   Figure  17.9  is a tracing from a 32-year-old nulliparous female with a 10-year 
history of frequency/urgency/urge incontinence. Prior efforts to treat “recurrent 

  Fig. 17.8    Fluoroscopic image of closed bladder neck due to prior anti-incontinence procedure       
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UTI” with antibiotics and irritative symptoms with antimuscarinics had not 
met with success. History was notable also for insertional dyspareunia preventing 
satisfactory intercourse. The patient is a college professor and an elite tri-athlete. 
Her examination was unremarkable other than a tense and tender pelvic fl oor that 
she was unable to noticeably relax once contracted, non-detectable bulbocavernosus 
refl ex, and a normal neurologic examination. During the urodynamics study the 
patient was fi lled to supra-physiologic volumes and was unable to generate detrusor 
contraction under observation. There was no activation of EMG. The fl uoroscopic 
images demonstrated a closed bladder neck throughout the study. 

 This study could have been labeled as non-diagnostic. However, evaluating this 
urodynamic study in context of the patient’s history and exam points to symptoms 
revolving around pelvic fl oor pathology. In patients with pelvic fl oor symptoms 
due to poor muscular control, it is not uncommon to have diffi culty voiding in an 
artifi cial environment. This has been termed a “bashful” or “shy” bladder. In this 
scenario, one must consider a diagnosis of detrusor underactivity. 

 The very fact that the patient is unable to void under observation, in conjunction 
with a consistent history and examination, leads to the potential diagnosis of pelvic 
fl oor dysfunction and the possibility therefore of an obstructive voiding dysfunction. 

 Normally, pre-conscious brain control areas prepare for the desire to void in 
response to increasing bladder afferent activity, in a process termed attentional bias-
ing. The result of attentional biasing is normally a non-surprising and progressive 
desire to void. In this case, poor sensory function due to pelvic fl oor dysfunction 
may result in impaired biasing, resulting in a sudden and unexpected conscious 
emergence of the desire to void, creating the sensation of urgency [ 6 ]. 

 Therapy in this case must be aimed at improving pelvic fl oor control and restora-
tion of normal bladder volume sensations. Pelvic fl oor physical therapy and/or 
 neuromodulation have had some benefi t [ 7 ,  8 ].     
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    Chapter 18   
 Bladder Emptying: Complete Emptying 

             Alexander     Gomelsky       and     Melissa     R.     Kaufman    

           Introduction 

 While the bladder may be considered by some to be an “unreliable witness [ 1 ],” its 
functions in the big picture are relatively straightforward. The bladder must com-
plete two functions: the storage and emptying of urine. In reality, the ability to 
complete these tasks safely and effi ciently requires the intimate coordination of 
numerous organs, supporting structures, and neurotransmitters, the description of 
which is far beyond the confi nes of this chapter. The goal of this chapter will be 
to focus on the emptying phase and what steps constitute complete emptying. 
The chapter will also illustrate some examples of incomplete emptying, their 
 pathophysiology, and potential implications for the patient.  

    What Is Complete Emptying? 

 Interestingly, little information can be located regarding the exact defi nition of 
“complete emptying.” This particular term is not covered in The Standardisation 
of Terminology of Lower Urinary Tract Function [ 2 ]; however, the “feeling 
of incomplete emptying” is mentioned as one of the post-micturition symptoms. 
It is described as “self-explanatory” and no additional details are given. Despite 
the lack of specifi c defi nition, it can be safely inferred that any defi nition of 
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 “complete emptying” should include a low urinary post-void residual (PVR), 
defi ned as the volume of urine left in the bladder at the end of micturition [ 2 ]. 
Conversely, a high PVR typically indicates incomplete emptying. 

 It is important to note that an isolated elevated PVR is a poor surrogate for 
incomplete emptying. First, inhibition or attempts at emptying an incompletely full 
bladder may result in a high PVR. Second, the voided volume (VV) is often not 
taken into account (i.e., a large VV with an elevated PVR represents a different 
scenario than a small VV and elevated PVR). Third, PVR alone does not refl ect the 
voiding mechanism (i.e., detrusor contraction, valsalva straining, pelvic relaxation) 
and any element of detrusor underactivity or bladder outlet obstruction (BOO). 
Thus, any examination of incomplete emptying should include not only the PVR, 
but also a measure of voiding such as a non-instrumented urofl owmetry (UF) or an 
intubated pressure-fl ow study (PFS).  

    What Constitutes an Elevated PVR? 

 Once again, a single defi nition does not exist. Huang et al. examined 987 women 
55–75 years of age culled from a group health plan in Washington State, of whom 
10 % had a PVR of 50–99 mL and 11 % had a PVR ≥ 100 mL at baseline [ 3 ]. In 
adjusted analyses, women with a PVR of ≥ 100 mL were more likely to report urinat-
ing more than eight times during the day and women with a PVR of ≥ 200 mL were 
more likely to report weekly urinary urgency incontinence (   UUI) than those with a 
PVR < 50 mL. High PVR was not associated with greater risk of stress urinary incon-
tinence (SUI), nocturnal frequency, or urinary tract infection (UTI), indicating that 
many women with high PVR are asymptomatic. Similarly, the prevalence of elevated 
PVR (≥100 mL) was 11 % in approximately 1,400 women with pelvic fl oor disorders 
undergoing evaluation at a large urogynecological referral center [ 4 ]. Symptoms 
alone did not predict which women had an elevated PVR, but the fi nding of prolapse 
at or beyond the hymen was associated with incomplete emptying. In another retro-
spective study, 15.9 % of 107 women with predominantly SUI and absence of previ-
ous pelvic surgery, advanced pelvic prolapse, and/or neurological defi cit had a 
PVR > 100 mL [ 5 ]. The prevalence of elevated PVR in the infi rmed may be even 
higher. Tam et al. found that 22 % of 119 consecutive patients admitted into two con-
valescent wards were found to have a PVR > 100 mL and in 9.2 % the PVR exceeded 
400 mL [ 6 ]. There was an increased risk of UTI when the PVR exceeded 100 mL. 

 The defi nition of an elevated PVR in men is no clearer. Kolman et al. evaluated 
PVR in 477 randomly selected community-dwelling white men as part of a baseline 
urological evaluation and found that the distribution of PVR was highly skewed 
with a median of 9.5 mL and 25th and 75th percentiles equal to 2.5 mL and 35.4 mL, 
respectively [ 7 ]. There was a signifi cant correlation of PVR with prostate volume 
and the odds of PVR > 50 mL were 2.5 times greater for men with prostate volume 
greater than 30 mL than those with smaller prostates. In regression analyses PVR, 
did not appear to be associated with the AUA symptom index, age, or peak urinary 
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fl ow rate. Men with enlarged prostate volume or PVR greater than 50 mL at baseline 
were about three times as likely to have subsequent acute urinary retention with 
catheterization during 3–4 years of follow-up. 

 Finally, the relationship between elevated PVR and urinary retention is likewise 
unclear [ 8 ]. In their review of MEDLINE literature, Kaplan et al. point out that the 
threshold for elevated PVR is often 100 mL, while the defi nitions of chronic urinary 
retention range widely in the literature (100–500 mL). Additionally, PVR does not 
seem to be a strong predictor of acute urinary retention. Furthermore, the authors 
conclude that there is no actual numerical value or relative increase in the volume of 
PVR that has been universally accepted or adopted into clinical practice. As such, 
the PVR measurement should act as a noninvasive screening test for evaluating 
voiding dysfunction. Taken with a good history, physical examination, and urofl ow-
metry, PVR measurement may aid in identifying patients in need of further evalua-
tion and to evaluate treatment effect during follow-up.  

    Implications of Elevated PVR 

 Both an elevated PVR and urinary retention may be associated with some signifi cant 
sequelae. Pelvic and suprapubic pain and pressure, as well as lower urinary tract 
symptoms (LUTS) such as urinary urgency and frequency may result from overdis-
tention. Urinary stasis may result in UTIs and bladder calculi. Additionally, elevated 
intravesical pressure may result in hydroureteronephrosis, upper tract deterioration, 
and renal insuffi ciency. As mentioned previously, elevated PVRs may be caused by 
detrusor hypocontractility or acontractility, BOO, or, in rare cases, anatomic abnor-
malities such as large bladder diverticula. BOO can stem from an anatomic block-
age (prostatic enlargement, urethral stricture, meatal stenosis) or a functional 
obstruction from poor sphincter relaxation (dyssynergia). Poor bladder contractility 
can result from neurogenic, myogenic, psychogenic, or pharmacologic causes.  

    Cases 

     Case 1 : 61 years of man who presents with urinary retention  
   History : Patient voided small volumes with 2,200 mL PVR and subsequently placed 

on clean intermittent catheterization (CIC). He states he has always been a “slow 
voider” and denies urgency or UUI. He is otherwise healthy. DRE: >90 g benign 
prostate.  

   Course : Patient started on α-adrenergic antagonist (α-blocker) and 5-α reductase 
inhibitor (5-αRI) and CIC. He has been voiding on own with volumes 100–
200 mL at a time. CIC volumes after volitional voiding are 100–150 mL.  

   Urodynamics  (Fig.  18.1 ): Unable to perform pre-procedure UF; slightly decreased 
cystometric bladder capacity (~330 mL); no detrusor overactivity (DO); high 
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compliance; no leak with valsalva maneuver; incomplete emptying on PFS with 
high-pressure, low-fl ow pattern ( P  det @ Q  max  = 57 cm H 2 O); PVR 115 mL.

      Cystoscopy : Trilobar prostatic hypertrophy, very large median lobe, bladder 
trabeculations.  

   CT  ( for microscopic hematuria work-up ): Very large median lobe (Fig.  18.2 ).

  Fig. 18.1    CMG: slightly decreased cystometric bladder capacity (~330 mL); no DO; high compli-
ance; no leak with valsalva maneuver; incomplete emptying on PFS with high-pressure, low-fl ow 
pattern ( P  det @ Q  max  = 57 cm H 2 O); PVR = 115 mL       

  Fig. 18.2    CT: very large median lobe of the prostate       
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      Diagnosis : BOO due to benign prostatic obstruction (BPO).  
   Options : Continue α-blocker and 5-αRI, transurethral resection of prostate (TURP), 

suprapubic prostatectomy.  
   Commentary : This gentleman has clear evidence of BOO and options for relieving 

outlet resistance are effective in improving symptoms.   
    Case 2 : 67 years of man presents for evaluation of UUI.  
   History : He complains of diurnal urgency, urinary frequency (10/day, 3/night), and 

UUI requiring 3–4 pads/24 h. He has subjective incomplete emptying. He denies 
weak stream or straining to urinate. DRE: 35 g benign prostate. The remainder of 
his history and exam are normal.  

   Course : Prostate specifi c antigen (PSA) is 0.45 ng/mL. Patient has been on dual 
therapy with α-blocker and 5-αRI for over a year and has also tried multiple 
muscarinic receptor antagonists (anticholinergics) in past without signifi cant 
subjective improvement.  

   Urodynamics  (Fig.  18.3 ): First sensation occurred at 106 mL, strong desire at 
178 mL, and cystometric bladder capacity was 247 mL; Two episodes of DO at 
150 mL of fi lling (pressures from 12 to 22 cm H 2 O). Both were associated with 
urgency but no leakage; high compliance; no leakage with cough or valsalva; 
during PFS (Fig.  18.4 ),  P  det @ Q  max  = 65 cm H 2 O,  P  detmax  = 84 cm H 2 O with a fl ow 
of 13.4 mL/s; Bladder Outlet Obstructive Index (BOOI) = 57.
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       Cystoscopy : Posterior urethra remarkable for high bladder neck with co-apting 
 lateral lobes; moderate bladder trabeculations; small-bladder diverticulum.  

   Diagnosis : DO and BOO (due to BPO).  
   Options : Additional anticholinergics, β-3 adrenergic agonist, sacral neuromodula-

tion, intravesical onabotulinumtoxinA injection, TURP.  
   Commentary : The BOOI =  P  det @ Q  max  − 2 ×  Q  max , with a value <20 representing no 

obstruction, 20–40 representing an equivocal result, and >40 representing 
obstruction. This gentleman has both a problem during bladder fi lling (DO) and 
voiding (BOO). As such, he may require more than one treatment to alleviate his 
symptoms. While TURP may improve his BPO, he may continue to have bother-
some storage symptoms. Conversely, medical or surgical treatment of his DO is 
unlikely to improve, and, in some cases may negatively impact his voiding.   

    Case 3 : 50 years of woman with progressively worsening emptying.  
   History : She urinates frequently during day (diary: 10–14 voids/day, 2 voids/night; 

volumes 100–200 mL) and strains to urinate; (+) incomplete emptying; denies 
SUI or UUI; (+) UTIs, 2–3/year; (+) lumbar back injury after MVA 7 years ago; 
no spinal or pelvic surgery; (+) constipation; no pelvic prolapse on examination.  

   Course : She has not tried any active therapy.  
   Urodynamics : Unable to perform pre-procedure UF (Fig.  18.5 ; catheterized 

PVR = 350 mL); delayed fi rst desire (Fig.  18.6 ; 693 mL); large bladder capacity 
(>800 mL); no DO; high compliance; unable to generate coordinated detrusor 
contraction during PFS (Fig.  18.7 ); PVR at end of procedure >1,000 mL.

        Diagnosis : Urinary retention due to detrusor acontractility.  
   Options : CIC, sacral neuromodulation.  
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  Fig. 18.5    Patient was unable to perform pre-procedure UF (catheterized PVR = 350 mL)       

 

18 Bladder Emptying: Complete Emptying



270

pves
100 cmH2O

CMG
SI

00:00

1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00

16:07

EIFD

pabd
100 cmH2O

pdet
100 cmH2O

EMG 1
50 uV

1. Vol
1000 ml

Qvol
1000 ml

Q
50 ml/s

0

800693

6

13

19 9

2

7

0

0

0

0

0

0

0

0

0
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   Commentary : This patient’s symptoms stem from suboptimal emptying due to a 
lack of detrusor contractility. Her upper tracts are likely safe owing to high com-
pliance and absence of DO. Her volitional voids during the day are most likely 
due to either valsalva voiding or overfl ow events.   

    Case 4 : 55 years of man with overactive bladder symptoms.  
   History : He complains of urinary urgency and UUI 1–2 days/week. He voids 8/day 

and 2/night. Stream is “fair.” He has tried two anticholinergics without signifi -
cant benefi t. He has had one recent culture-proven UTI ( E. coli ). Patient is other-
wise healthy. DRE: 60 g benign prostate. He had a PVR of 198 and 187 mL on 
two consecutive visits.  

   Course : He had minimal improvement after a combination of an anticholinergic and 
α-blocker.  

   Urodynamics : Pre-CMG UF reveals  Q  max  20 and continuous fl ow curve with ade-
quate voided volume (277 mL; Fig.  18.8 ); PVR is high (375 mL); delayed fi rst 
desire on CMG (463 mL; Fig.  18.9 ) and delayed normal desire (810 mL); no DO; 
high compliance; high-pressure, low-fl ow pattern on PFS (Fig.  18.10 ), small vol-
ume void, high PVR; low-fl ow and high PVR on post-PFS UF (Fig.  18.11 ).

         Cystography : Large posterior bladder diverticulum (bladder is on the left) 
(Fig.  18.12 ); attempt to void (Fig.  18.13 ); post-void fi lm showing empty bladder 
and full diverticulum (Fig.  18.14 ).
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  Fig. 18.12    Cystography: large posterior bladder diverticulum (bladder is on the  left )       
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  Fig. 18.13    Cystography during attempt to void       

  Fig. 18.14    Post-void cystography: empty bladder and full diverticulum       
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  Fig. 18.15    CT: large bladder diverticulum       

        Cystoscopy : Mild trilobar prostatic enlargement, multiple trabeculations with 
 small- bladder diverticula, and one large posterior bladder diverticulum with 24 F 
ostium.  

   CT (for work-up of microscopic hematuria) : Large bladder diverticulum (Fig.  18.15 ).
      Diagnosis : Stable bladder with evidence of BOO and large acquired bladder 

diverticulum.  
   Options : CIC, TURP, suprapubic prostatectomy ± bladder diverticulectomy, addi-

tional anticholinergics, β-3 adrenergic agonist.  
   Commentary : As with the man in  Case 2 , this gentleman has a problem with urinary 

storage and emptying, and thus may benefi t from multiple treatments. 
Additionally, he has a large bladder diverticulum that is trapping urine and may 
be falsely elevating his PVR. Treating the outlet obstruction either fi rst or con-
comitantly with the diverticulectomy is recommended.   

    Case 5 : 62 years of man presents for evaluation of post-prostatectomy incontinence.  
   History : He has mild urinary urgency and frequency, mild incomplete emptying and 

mild weak stream. He does not strain to void. AUA SSI 7/35. He wears 1–2 pads/
day for urinary incontinence that is worse with activity. His PSA is 0.0 ng/
mL. He has a history of post-prostatectomy bladder neck contracture (BNC) and 
has undergone two previous BN incisions. The remainder of his history and 
physical examination are normal.  
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   Course : He has not improved on Kegel exercises and has tried one anticholinergic 
without signifi cant benefi t.  

   Urodynamics : (Figs.  18.16  and  18.17 ) First sensation, strong desire, and bladder 
capacity were 61, 91, and 184 mL (leakage volumes subtracted), respectively; 
compliance was high; multiple episodes of DO starting at 65 mL, several with 
high-pressure (up to 70 cm H 2 O) and leakage; SUI with VLPP 67–79 cm H 2 O; 
continuous leakage of urine at bladder capacity and patient was given permission 
to void (Fig.  18.18 );  P  detmax  ~ 62 cm H 2 O with a fl ow of 10 mL/s (BOOI = 42).

        Cystoscopy : Unable to pass scope through a ~12 F bladder neck contracture.  
   Diagnosis : BOO due to bladder neck contracture with SUI (ISD) and signifi cant DO.  
   Options : Observation, BN incision, anticholinergics, urethral stent, artifi cial urinary 

sphincter (AUS), Cunningham clamp, and condom catheter.  
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     Fig. 18.16    CMG: First sensation (61 mL); strong desire (91 mL); bladder capacity (184 mL) after 
leakage volumes subtracted; high compliance; multiple episodes of DO starting at 65 mL, several 
with high-pressure (up to 70 cm H 2 O) and leakage; SUI with VLPP = 67–79 cm H 2 O       
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   Commentary : As with previous cases, this gentleman has complex urinary dysfunc-
tion that may require multiple therapeutic options to achieve symptom improve-
ment. Regardless of the options chosen, BOO needs to be relieved in order to 
improve emptying, with subsequent pharmaceutical or surgical intervention to 
improve this gentleman’s storage symptoms.   

    Case 6 : 60 years of woman with SUI and mild emptying dysfunction  
   History : She has minimal diurnal urgency which is controlled with behavioral mod-

ifi cation. She has some subjective incomplete emptying. She underwent one pre-
vious “bladder suspension” at time of abdominal hysterectomy 20 years ago. She 
has SUI with coughing, sneezing, and laughing, and requires 3 pads/day. No 
prolapse on exam (+). Urethral hypermobility.  

   Course : No improvement on behavioral modifi cation, Kegel exercises. Patient did 
not want to pursue formal biofeedback and pelvic fl oor muscle training (PFMT).  

P
ve

s
(c

m
 H

2O
)

P
ab

d
(c

m
 H

2O
)

P
ed

t
(c

m
 H

2O
)

E
M

G
(n

o
n

e)
F

lo
w

(m
V

s)
V

o
lu

m
e

(m
l)

P
u

m
p

 V
o

l
(m

l)

100
0

100
0

250
0

100

50-250

600
0

600
0

0

100
0

100
0

250
0

100

50-250

600
0

600
0

0

A
rt

fa
ct

le
ak

10:00 10:40 11:20 12:00 12:40 13:20 14:00 14:40 15:20 16:00 16:40 17:20 18:00 18:40 19:20 20:00

C
ou

gh
/le

ak

V
al

sa
lv

a/
le

ak

V
al

sa
lv

a/
le

ak

79

72

83
73

7
2

-4

4

5
6

0
0

128

128
129

279
302

131

317

133

1

1

-4

3

22

9

-1

8

17

-5

253

253

-0

79
74
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   Urodynamics : Adequate volume on pre-CMG UF with relatively low  Q  max ; PVR is 
low (Fig.  18.19 ); mildly decreased bladder capacity, one episode of DO (at 
173 mL of fi lling) without leakage, and high compliance (Fig.  18.20 ); VLPP 92 
and 126 cm H 2 O; patient could not void on PFS despite detrusor contraction 
(Fig.  18.21 ); good post-procedure UF with  Q  max  = 20 mL/s,  Q  ave  = 11 mL/s, and 
continuous, bell-shaped fl ow curve (Fig.  18.22 ).

         Diagnosis : SUI with high VLPP, DO, unobstructed emptying.  
   Options : Midurethral sling (MUS), pubovaginal sling (PVS), anticholinergics.  
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   Commentary : This case represents a common scenario, where the whole is more 
than just the sum of the parts. If the initial urofl ow and attempt at voiding on 
PFS are to be believed, then the patient may be thought to have some element of 
emptying dysfunction. However, the post-procedure urofl ow (with a higher VV) 
provides some evidence to the contrary. The inability to void during a PFS may 
indicate some element of psychogenic inhibition (paruresis). Additionally, the 
patient appears to have tolerated a relatively modest amount of fi lling during the 
CMG indicating a potentially decreased bladder capacity. However, the VV on 
post-procedure urofl ow was approximately twice the amount of infused volume, 
indicating that the patient may have produced a signifi cant amount of urine dur-
ing the study.   

    Case 7 : 72 years of woman with Stage 2 cystocele and no overt SUI  
   History : (+) Positional emptying and often returning to commode 5 min later to 

complete voiding. No urinary incontinence. She underwent a previous hysterec-
tomy without any concomitant procedures for incontinence or prolapse. There is 
no rectocele and minimal vault prolapse on pelvic exam (+). Urethral hypermo-
bility. She is otherwise healthy.  

Position:
Pattern:
Conclusion:

intemittent
Flow Time:
Voiding Time:
Time to Maximum Flow:

45.6    s
51.2    s
16.8    s

Maximum Flow:
Average Flow:
Voided Volume:
Residual Volume:
Comment:

40      ml
150    ml

3    ml/s
8    ml/s

0:10 0:20 0:30 0:40 0:50 1:00 1:10 1:20 1:30

Qvol
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Q
50

01:3200:00

Uroflowmetry

  Fig. 18.19    Pre-CMG UF: adequate volume with low  Q  max ; PVR low       

 

18 Bladder Emptying: Complete Emptying



280

   Course : Voiding symptoms improved after pessary, but patient now complains of 
SUI. She had diffi culty removing and reinserting several different pessaries and 
was interested in surgical intervention.  

   Urodynamics : Patient unable to perform pre-CMG UF, but PVR was low (30 mL) 
(Fig.  18.23 ); no DO, high compliance, and VLPP (with prolapse reduction) was 
86 and 93 cm H 2 O at 306 mL of fi lling (Fig.  18.24 ); she had a small-volume void 
on PFS (92 mL) with a combination of detrusor contraction and valsalva 
(Fig.  18.25 ); good post-procedure UF with  Q  max  = 20 mL/s,  Q  ave  = 10 mL/s, and 
continuous, bell-shaped fl ow curve (Fig.  18.26 ).

         Diagnosis : Cystocele with occult SUI.  
   Options : Pessary with anti-incontinence knob, PFMT, anterior colporrhaphy with 

MUS / PVS / bulking therapy.  

Vesical pressure:
Abdominal pressure:
Detrusor pressure:
Urethral pressure:
Ure. Closure prs.:
Infused Volume:
Compliance:

First Desire Normal Desire Strong Desire Urgency pmax Infused Vol
-2 cmH2O
3 cmH2O
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  Fig. 18.20    CMG: mildly decreased bladder capacity; one episode of DO (173 mL of fi lling) with-
out leakage; high compliance       
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   Commentary : This is similar to  Case 5  in that the voiding pattern becomes clearer 
on a post-procedure urofl ow when there is a suffi cient amount of urine in the 
bladder. The signifi cant straining during PFS may be a response to the urethral 
catheter. Once again, the VV after PFS and urofl ow signifi cantly exceeds the fi ll-
ing volume.   

    Case 8 : 30 years of woman with C7 spinal cord injury (SCI).  
   History : S/p automobile accident 1 year ago. Performs CIC every 4 h and leaks in 

between. She has an effective bowel protocol. On exam, there is skeletal spastic-
ity, hyperrefl exic deep tendon refl exes, and abnormal plantar response.  

   Course : She is currently on oxybutynin 15 mg twice/daily without signifi cant 
benefi t.  

Position:
Pattern:
Conclusion:
Voiding Pres.:
Urethral Res.:

continuous

n/a

Catheter Type:

n/a

sittingFlow Time:
Voiding Time:
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0.4 s
0.4 s
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Opening Time:  --   s
0.0
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--  cmH2O
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Opening Pressure:

Comment:
Pt unable to void from urochair:
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Vesical Prs: Abdominal Prs: Detrusor Prs: Urethral Prs: Closure Prs:

Average Flow:
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  Fig. 18.21    CMG: VLPP = 92 and 126 cm H 2 O; patient could not void on PFS despite generating 
detrusor contraction       
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  Fig. 18.22    Post-CMG UF: good ( Q  max  = 20 mL/s,  Q  ave  = 11 mL/s) with continuous,  bell-shaped 
fl ow curve        
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   Urodynamics  (Fig.  18.27 ): Stable detrusor until ~150 mL of fi lling; DO demon-
strated with a peak detrusor pressure of 55 cm H 2 O; increased EMG activity at 
time of DO.

      Cystography  (Fig.  18.28 ): Narrowing at external sphincter at the time of unstable 
detrusor contraction.

      Diagnosis : Small-bladder capacity, detrusor-external sphincter dyssynergia 
(DESD).  

First Desire Normal Desire Strong Desire Urgency Pmax @ Infused Vol
Vesical Pressure:
Abdominal Pressure:
Detrusor Pressure:
Urethral Pressure:
Ure. Closure Prs.:
Infused Volume:
Compliance:

Infusion Medium:
Infusion rate:
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Sensation:
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  Fig. 18.24    CMG: no DO; high compliance; VLPP (with prolapse reduction) = 86 and 93 cm H 2 O 
at 306 mL of fi lling       
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Maximum Flow:
Average Flow:
Voided Volume:
Residual Vol:

EMG Activity:
Pmuo:

Maximum pressure:

Opening pressure:

Comment:
pt unable to empty to completion from urochair.

pressure @ Max Flow:

EMG Electrode Type: surface
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5
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0
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Flow Time:
Voiding Time:
Time to Maximum Flow:
Opening Time:
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Position:
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Urethral Res:
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  Fig. 18.25    PFS: small-volume void (92 mL) with a combination of detrusor contraction and 
 valsalva maneuver       

   Options : Additional anticholinergics, intravesical onabotulinumtoxinA injection, 
bladder augmentation (with or without catheterizable channel), urinary 
diversion.  

   Commentary : DESD is caused when the coordinated voiding refl ex between the 
bladder and external sphincter is disrupted. This fi nding is typically seen in 
patients with SCI or multiple sclerosis, but can also be seen in any lesion 
between the brainstem and sacral spinal cord (e.g., myelodysplasia or transverse 
myelitis). Symptomatically, people with DESD experience diurnal inconti-
nence, urinary retention, and often have a history of UTIs. A build-up of pres-
sures in the bladder can result in vesicoureteral refl ux, UTIs, hydronephrosis, 
urinary tract calculi, and renal insuffi ciency. The goal of therapy for DESD is to 
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Vesical prs.

Opening Pressure: - -  cmH2O - -  cmH2O - -  cmH2O - -  cmH2O - -  cmH2O
Pressure @ Max Flow: - -  cmH2O - -  cmH2O - -  cmH2O - -  cmH2O- -  cmH2O
Maximum Pressure: - -  cmH2O - -  cmH2O - -  cmH2O - -  cmH2O- -  cmH2O

Abdominal prs. Detrusor prs. Urethral prs. Closure prs.

EMG Activity: EMG coordination:

Qvol
1000

Q
50

01:1700:00

EMG Electrode Type: EMG Electrode Position: Catheter Type:

Maximum Flow: 20 ml/s Flow Time: Position: Sitting33.6 s
Average Flow: 10 ml/s Voiding Time: continuousPattern:34.8 s
Voided Volume: 358 ml Time to maximum Flow: Conclusion:5.6 s
Residual Vol: 0 ml Opening Time: n/aVoiding Pres:- -  s
Pmuo: Descending slope: n/aUrethral Res.:- - - -

0:05 0:150:10 0:20 0:25 0:30 0:35 0:40 0:45 0:50 0:55 1:00 1:05 1:10 1:15

Pressure Flow

  Fig. 18.26    Post-procedure UF: good ( Q  max  = 20 mL/s,  Q  ave  = 10 mL/s) with continuous,  bell- 
shaped fl ow curve        

decrease bladder storage pressures and facilitate bladder emptying. Since this 
patient is already performing CIC, the remaining goal is to eliminate DO to re-
establish continence and potentially increase the interval between catheteriza-
tions. The bladder may be paralyzed pharmacologically or may be surgically 
converted to a low-pressure urinary reservoir by augmentation cystoplasty. 
Urinary diversion is typically reserved for patients failing less-complex mea-
sures and/or those unable to perform CIC. In men, additional options include an 
external sphincterotomy or urethral stent and an external urinary appliance 
(condom catheter). Without proper treatment over 50 % men with DESD 
develop serious urological complications within 5 years, while in women the 
complications are less common [ 9 ].        

 

18 Bladder Emptying: Complete Emptying



286

  Fig. 18.28    Cystography: narrowing at external sphincter at the time of DO       
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  Fig. 18.27    CMG: stable detrusor until ~150 mL of fi lling; DO with a peak  P  det  = 55 cm H 2 O; 
increased EMG activity at time of DO       
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    Chapter 19   
 Bladder Emptying: Clinical Bladder 
Outlet Obstruction 

             Michael     E.     Albo     

           Introduction 

 Patients with bladder outlet obstruction (BOO) commonly present with bothersome 
lower urinary tract symptoms (LUTS) unfortunately, the symptoms are non- specifi c 
to BOO and do not correlate with the outcomes following treatment of obstruction 
[ 1 ]. BOO can also present without symptoms or with secondary conditions such as 
urinary tract infections, bladder diverticuli, bladder stones, or renal failure. During 
the evaluation of LUTS, the clinician must distinguish BOO from other conditions 
that may be the cause of the patient’s symptoms through a combination of a focused 
history, physical exam fi ndings, laboratory tests, and more invasive testing when nec-
essary. The goal of the evaluation is to identify patients who are more likely to dete-
riorate from untreated LUTS, to identify patients who will respond to a particular 
therapy, and to identify additional lower urinary tract pathology that can either be a 
contributing factor to the symptoms or could be a poor prognosticator after treatment 
of the obstruction. This chapter will review a number of urodynamic tracings obtained 
during the course of evaluating patients with symptoms of clinical BOO. 

 Simultaneous measurement of detrusor pressure and urinary fl ow rate during 
voluntary voiding in a pressure fl ow study (PFS) is the best method currently avail-
able to diagnose BOO [ 2 ]. The International Continence Society in fact defi nes 
BOO as “an  urodynamic  observation characterized by increased detrusor pressure 
and reduced urinary fl ow rate during voiding” [ 3 ]. The AUA Guidelines on 
Urodynamics in Adults state that “PFS remains the only means of defi nitely estab-
lishing or ruling out the presence of BOO in men” [ 4 ]. Although there is no urody-
namic standard for obstruction in women, the AUA Guidelines state “the fi nding of 
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an elevated detrusor voiding pressure in association with low fl ow may suggest 
obstruction, particularly in the presence of new onset fi lling, storage or emptying 
symptoms after surgery” [ 4 ]. 

 Non-invasive diagnostic methods including non-invasive urofl owetry (   NIF), 
 surface electromyography (EMG), and fl uoroscopy are commonly used in the eval-
uation of BOO but do not have the diagnostic accuracy of the PFS. The primary 
limitation of non-invasive urofl owmetry is that it provides no information about the 
pressure required to generate a given fl ow rate and consequently cannot distinguish 
obstruction from impaired detrusor contractility as a cause of reduced fl ow. 
Similarly, it cannot distinguish between a normal fl ow rate that is produced by an 
obstructed bladder capable of generating high pressures. Studies have shown vari-
ability in the diagnostic accuracy of non-invasive urofl owmetry in detecting BOO in 
men that range from moderately high to low [ 5 ]. Surface electrode EMG testing can 
be utilized to evaluate urethral sphincter and pelvic muscle function during voiding, 
however it is technically challenging to perform with accuracy, artifacts are com-
mon, and the EMG diagnosis must be taken in context with bladder pressure, uri-
nary fl ow, and anatomic imaging to obtain the most useful information [ 6 ]. 
Retrograde and antegrade fl uoroscopy can defi ne lower urinary tract anatomy and 
potentially identify the location of obstruction, but cannot diagnose obstruction 
without also measuring bladder pressure. Efforts to identify less invasive or non- 
urodynamic techniques are ongoing and include ultrasound assessment of bladder 
or detrusor wall thickness, ultrasound estimation of bladder weight, and infrared 
spectroscopy to assess bladder oxygenation. None of these has yet replaced the PFS 
as the gold standard diagnostic test for BOO [ 7 ]. 

 A variety of nomograms based on the pressure fl ow relationship have been devel-
oped to standardize the analysis of pressure fl ow studies and to assist the clinician 
in the diagnosis of lower urinary tract dysfunction in men. They have been dis-
cussed in detail in earlier chapters. In 1997 the ICS attempted to standardize the 
urodynamic diagnosis of outlet obstruction using the ICS provisional nomogram, 
which divides patients into 3 classes: unobstructed, equivocal, and obstructed, based 
on the Bladder Outlet Obstruction Index (BOOI) [ 8 ]. Using this nomogram, the 
sensitivity and specifi city of the PFS in diagnosing obstruction are 81 and 83 %, 
respectively, when the unobstructed and equivocal classes on the ICS nomogram are 
amalgamated with an overall accuracy of 82 %, a fi gure that has been reproduced by 
other studies [ 9 ]. 

 While the nomograms have been helpful in the diagnosis of BOO in men, the 
evidence supporting the use of UDS in the evaluation of BOO in women is much 
less developed and the applicability of nomograms in assessing BOO in women 
remains controversial. A variety of defi nitions of BOO, incompletely defi ned nor-
mative PFS parameters, and a lack of literature that correlates PFS fi ndings with 
outcomes all contribute to this lack of evidence [ 10 ]. Additionally the differences 
between male and female voiding both in regard to the normal voiding mechanism 
as well as the pathophysiology leading to voiding abnormalities makes it unlikely 
that the same nomograms will be suffi cient. Many women are able to void by relax-
ing the pelvic fl oor muscles in the face of low detrusor pressures or by increasing 
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intra-abdominal pressures. Multiple investigators have attempted to defi ne BOO in 
women using urodynamic parameters including  Q  max ,  P  det @ Q  max , fl uoroscopic imag-
ing, or some combination of values with the intent of defi ning parameters for con-
struction of the nomograms [ 11 – 15 ]. At this time, most organizations support the 
use of PFS in the evaluation of BOO in women when potentially morbid therapy is 
being considered [ 4 ]. 

 While there is little argument that pressure fl ow studies are the gold standard for 
the diagnosis of BOO, whether they are necessary to confi rm urodynamic obstruc-
tion before proceeding with invasive therapy remains controversial. Systematic 
reviews have identifi ed only low quality evidence or expert opinion on the subject 
[ 16 ]. There is morbidity associated with PFS with 19 % of men having experienced 
hematuria, UTI, sepsis, or urinary retention following PFS [ 17 ]. The AUA Guidelines 
state that “   clinicians should perform PFS in men when it is important to determine 
if urodynamic obstruction is present in men with LUTS, particularly when invasive, 
potentially morbid, or irreversible treatments are considered” (Standard; Evidence 
Strength: Grade B). They go on to say “However, patients should also be made 
aware of the risks of PFS as well as some of the diagnostic pitfalls of the studies” 
[ 4 ]. The European Association of Urology Guidelines on the Assessment of BPH 
recommend PFSs in “men with LUTS who voided a volume of less than 150 mL or 
a maximum urinary fl ow greater than 15 mL/s prior to surgery, very young 
(<50 years) or old patients (>80 years), post-void residual urinary volumes greater 
than 300 mL, suspicion of neurogenic bladder dysfunction, post radical pelvic sur-
gery, or previous unsuccessful invasive treatment of BPH” [ 18 ]. 

 The diagnostic utility of PFS is perhaps most helpful in the neurogenic popula-
tion because the underlying neurologic disease can affect or obscure patient symp-
tomology. Neurogenic patients with LUTS are particularly diffi cult to diagnose 
given the multifactorial nature of their lower urinary tract dysfunction. The AUA 
Guidelines state “Clinicians should perform pressure fl ow analysis in patients with 
relevant neurologic disease with or without symptoms or in patients with other neu-
rologic disease and elevated PVR or urinary symptoms” [ 4 ]. 

 Once the decision has been made to utilize urodynamics as a diagnostic test, in 
order to maximize their value, it is imperative that the performance and interpretation 
of those studies meet the standards established by the international community [ 19 ]. 
Quality control techniques, such as having the patient cough before, during, and after 
the study check concordance of the pressure lines and help identify potential artifact 
in order to adequately differentiate voluntary events from involuntary events. Most 
importantly, the urodynamic study requires interaction with the patient. The intent of 
the study is to apply pressure fl ow values to a patient’s typical voiding experience. 
Asking the patient whether their void during the urodynamic study was typical of 
how they normally void helps assure that the urodynamic values obtained are truly 
measuring the voiding parameters of that patient. If the patient states that the void 
was not typical for them, the values must be suspect and the study should be repeated. 

 There are a number of factors the clinician must take into consideration when 
applying urodynamic results to a given patient. Not every instance of high  pressure/
low fl ow voiding during a PFS is due to pathologic obstruction. Pressure fl ow 
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parameters vary with the volume of urine voided, whether the catheter is causing 
anatomic or functional obstruction, as well as the patient’s ability to relax the ure-
thral sphincter and/or pelvic muscles during the void. At times the catheter can slip 
into the prostatic urethra measuring urethral pressure as opposed to detrusor pressure 
during the void, resulting in artifi cially elevated pressure. To avoid these pitfalls, it is 
important to compare the pressure fl ow parameters with the non-invasive fl ow 
parameters. If the non-invasive urofl ow demonstrates a normal fl ow rate and pattern, 
then the PFS is less likely an accurate representation of the patients voiding dynam-
ics. Finally, PFS may not be able to identify the presence of obstruction in two situ-
ations, fi rst if the patient doesn’t void and secondly if the patient has detrusor 
underactivity which will result in a low fl ow regardless of the urethral resistance. 

 The eight urodynamic studies presented in this chapter are tracings obtained dur-
ing the work-up of patients presenting with LUTS. They represent a wide variety of 
pathophysiology from both male and female patients. The urodynamic fi ndings 
highlight the issues discussed above. The format includes a brief, pertinent history 
and physical exam fi ndings with the bulk of the discussion centering on the tracing 
itself. Each tracing is interpreted by fi rst assessing whether the study meets mini-
mum requirements for validity and recognizing potential areas of artifact. Those 
validity requirements include active and concordant pressure lines at the beginning, 
during, and at the conclusion of the study, baseline pressure values within the nor-
mal range, adequate annotation of events, and delineation of storage and voiding 
phases. Once it has been determined that the minimal criteria for validity are pres-
ent, most of the focus is on the pressure fl ow portion of the study. When artifacts are 
present they are noted and taken into consideration when interpreting the study.  

    Case 1 

 Sixty-fi ve-year-old male presents with symptoms of hesitancy, slow stream, and 
urgency. In addition he is getting up twice a night to urinate. IPSS 20 with QoL 
score of 4. His primary care physician placed him on an alpha-blocker 6 months ago 
and he thought it initially helped. He is otherwise healthy. On physical exam he has 
a normal penis and testes, 60 g prostate, smooth and symmetrical, normal anal 
sphincter tone, grossly normal neurologic exam. Urinalysis normal and PVR 
25 mL. Patient was unable to void for a non-invasive urofl ow at time of his initial 
evaluation. He was scheduled for urodynamic evaluation. 

 Non-invasive urofl ow metry (NIF): In spite of being instructed to come with a full 
bladder, the patient had urinated immediately prior to leaving home and could not 
void for a non-invasive urofl ow. This is a common occurrence and one should con-
sider refi lling the bladder at the conclusion of the PFS, remove the vesical catheter 
and other tubing, and allow the patient to void in the urofl ow for a non-invasive study. 

 Cystometrogram/Pressure Flow Study (CMG/PFS) (Fig.  19.1a ). We will fi rst 
assess the tracing for validity. Both the vesical and abdominal pressure lines are 
live, baseline pressures are within the normal range for a patient standing,  P  ves  36, 
 P  abd  29, and  P  det  8 cm/H 2 O (a) and they correlate with one another as is demonstrated 
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by similar amplitude cough spikes. (b) The study clearly demarcates the transition 
between fi lling and emptying phases with the annotation of maximum cystometric 
capacity and permission to void (c) and reestablishes baseline pressures and concor-
dance between  P  ves  and  P  abd  prior to the void (d). The patient was able to initiate 
a voluntary void (e). There is evidence that both  P  ves  and  P  abd  remain active and 
concordant at the conclusion of the void (f). The storage phase demonstrates no 

  Fig. 19.1    ( a ) CMG and PFS, ( b ) expanded PFS segment, ( c ) pressure fl ow nomogram, ( d ) post- 
PFS non-invasive urofl ow         

Flow
0

   8 ^
ml/s

50

0 15 30 45

0

a b d f
c0

36

29

8

13

53

0

0

46

31

14

8

208

0

0

41

30

11

8

208

5

53

80

27

52

5

208

1:00

CM MC Vo Pe

1:15 1:30 1:45 2:00 2:15 2:30 2:45 3:00 3:15 3:30 3:45 4:00 4:15 4:30 4:45 5:00 5:15 5:30 5:45 6:00 6:15

13974min

0
1000

0
100

0
100

0
100

0
166

0

-166
1000

0

Volume
4

   187 ^
ml

Pves
-4

   158 ^
cm H2O

Pabd
-5

   138 ^
cm H2O

Pdet
2

   128 ^
cm H2O

EMG
50

1333 ^
none

0
208 ^

ml

VH2O

Flow
0

   8 ^
ml/s

Volume
184

   187 ^
ml

Pves
2

   158 ^
cm H2O

Pabd
-6

   138 ^
cm H2O

Pdet
9

   128 ^
cm H2O

EMG
4

   1333 ^
none

VH2O
208

   208 ^
ml

50

0
1000

0
100

0
100

0
100

0
166

1000

0

-166

13974min
0

00 4:15 4:20 4:25 4:30 4:35 4:40 4:45 4:50 4:55 5:00 5:05 5:10 5:15 5:20 5:25 5:30 5:35 5:40 5:45 5:50 5:55 6:00 6:05

0

46

31

14

8

208

5

53

80

27

52

5

208

0

18

4

-1

5

20

MC

a b c e
f

d

g

VO Pe

a

b

 

19 Bladder Emptying: Clinical Bladder Outlet Obstruction



294

30

0
0 Pdet 150

N+

0 I II III

IV

V

VI

OBI

ST

N- Unobstructed

Equivocal

Obstructed

w+

Flow

w-

vw

Flow
0

10 ^
ml/s

1000188107

5

0

50

0

0

0

Ur UrPe
5 10 20 30 40 50 1:00

0

15 25 35 45 55

0

Volume
187

188 ^
ml

13979min   

c

d

Fig. 19.1 (continued)

M.E. Albo



295

evidence of involuntary detrusor activity and normal compliance. The pressure fl ow 
segment of the study is expanded in Fig.  19.1b .

   Expanded PFS Segment (Fig.  19.1b ). This segment of the tracing begins at the 
end of the storage phase labeled as MCC. (a) Prior to voiding the patient is asked to 
cough to assess accuracy of pressure lines. (b) The patient is then given permission 
to void. (c) The  P  ves  rises rapidly without concomitant change in  P  abd  confi rming that 
the intravesical pressure change is due to a detrusor contraction. (d) Flow is initiated 
(e) and he voids 184 mL with a post-void residual of 21 mL. The  Q  max  is 5 mL/s and 
the  P  det @ Q  max  is 52 cm/H 2 O (f) and the fl ow pattern is continuous with a prolonged 
plateau phase. EMG activity has decreased throughout the voiding portion of the 
study. (g) Based on what we have interpreted as accurate pressure fl ow measure-
ments the nomogram can be considered accurate and with a curve pressure/fl ow 
curve wholly contained in the obstructed zone (Fig.  19.1c ). 

 The patient underwent refi lling and the catheters were removed. He was asked to 
void in the urofl owmeter for a non-invasive urofl ow (Fig.  19.1d ). 

 This case demonstrates a classical presentation of outlet obstruction. The patient 
presents with obstructive type LUTS not well controlled with pharmacologic therapy 
and has urodynamic fi ndings consistent with low fl ow/high pressure that meets the 
urodynamic defi nition of outlet obstruction. What the study does not do is identify 
the anatomic location of the obstruction. The differential diagnosis in this patient 
includes outlet obstruction from bladder neck dysfunction, BPH, or voiding dysfunc-
tion not identifi ed by EMG. A urethral stricture is less likely but possible. Finally, if 
the non-invasive urofl ow and PFS fl ow parameters were markedly different one 
would have had to consider that the PFS fi ndings were secondary to artifact.  

    Case 2 

 Seventy-fi ve-year-old male presents with symptoms of urgency, frequency, urge 
incontinence, and nocturia ×5. He has not been on any medication. He also has a 
history of Parkinson’s disease, which has been stable for the past 5 years. He denies 
any problems with urinary tract infection, hematuria, or previous pelvic surgery. 
Urinalysis negative. Non-invasive urofl ow was attempted (Fig.  19.2a ) but the patient 
only voided 90 mL with a PVR 10 mL. This is an insuffi cient volume to assess uro-
fl ow parameters. Urodynamic studies were ordered and depicted in Fig.  19.2b–d .

   CMG/PFS (Fig.  19.2b ). Assessment of study validity demonstrates baseline 
pressures within normal range for standing patient and good concordance of the  P  ves  
and  P  abd  at onset of studies. During the storage segment there is evidence of detrusor 
overactivity beginning at volume of 70 mL (a) and continuing with increasing 
amplitude until capacity at which time the patient could no longer hold back the 
fl ow. (b) The pressure lines are concordant after voiding is complete. Expanded PFS 
segment of the tracing is shown in Fig.  19.2c . 

 Expanded PFS (Fig.  19.2c ). The initial event depicted in this tracing is a sud-
den rise in  P  ves  that is not associated with a rise in  P  abd  indicating that this is an 
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  Fig. 19.2    ( a ) Non-invasive urofl ow, ( b ) CMG and PFS, ( c ) expanded PFS, ( d ) nomogram           
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involuntary detrusor contraction. (a) It is accompanied by a voluntary increase in 
EMG activity (b) and eventually a small amount of fl ow (c), representing an invol-
untary detrusor contraction associated with incontinence. As the patient begins to 
leak, the  P  det  decreases slightly (d). The patient indicates he could no longer resist 
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the urge and is given permission to void (e). As he begins to void, the fl ow rate 
rises, the EMG activity decreases (f), and the  P  det  remains constant throughout the 
void. The  Q  max  is 5 mL/s, the  P  det @ Q  max  is 67 cm/H 2 O, and the fl ow pattern is con-
tinuous with a prolonged plateau. The patient voids 116 mL with a PVR of 
11 mL. At the conclusion of the study, both  P  ves  and  P  abd  remain active and concor-
dant during cough spike. (g) The entire pressure fl ow relationship is in the 
obstructed zone of the nomogram (Fig.  19.2d ). The non-invasive urofl ow and 
pressure fl ow tracings are consistent with one another suggesting this is not due to 
artifact from the study. 

 The study highlights a number of interesting fi ndings in addition to the obstructed 
voiding parameters that may affect the selection of treatment. First, the patient has 
a small capacity bladder of 127 mL and high amplitude detrusor overactivity with 
incontinence. These fi ndings are consistent with the patient’s symptoms of urgency, 
frequency, and urge incontinence. 

 The combination of a detrusor contraction and a concomitant increase in EMG 
activity displayed in this tracing are similar to the urodynamic fi ndings one sees 
with detrusor external sphincter dyssynergia (DESD). What separates this tracing 
from DESD is the fact that the patient is voluntarily increasing the EMG activity in 
an effort to resist the urge to urinate whereas DSD occurs as an involuntary refl ex. 
Without being present during the study or having proper annotation, there would be 
no way to distinguish by looking at the tracing alone. Another consideration in a 
patient with Parkinson’s Disease is pseudodyssynergia secondary to abnormal 
sphincter and pelvic fl oor relaxation during voiding, referred to as sphincter brady-
kinesia [ 20 ]. Since the EMG activity decreased the moment the patient was allowed 
to void, it is likely that the EMG activity in this study is mostly voluntary. 

 The patient clearly meets the defi nition for outlet obstruction secondary to BPH 
with high pressure/low fl ow that would likely respond to treatments aimed at reducing 
urethral resistance. However, he also has signifi cant detrusor overactivity incontinence 
in the setting of Parkinson’s disease and is most bothered by the symptoms of urgency 
and urge incontinence as opposed to a low fl ow or incomplete emptying. He will have 
much more diffi culty resisting the involuntary detrusor activity when the urethral 
resistance is lower. This patient may do better with anticholinergic therapy fi rst to see 
how well the overactivity can be controlled before reduction of outlet resistance.  

    Case 3 

 Sixty-four-year-old male diabetic male who presents in consultation from his PCP with 
a history of recurrent UTIs. He denies LUTS. On physical exam, his is overweight, has 
normal genitals, a 40-g smooth prostate, decreased sensation in his feet bilaterally 
but an otherwise normal neurologic exam. Urinalysis positive for LE and Ketones. 
PSA 1.4. Non-invasive urofl ow depicted in Fig.  19.3a . Patient voided a volume of 
103 mL with a PVR of 380 mL. His  Q  max  was 9 mL/s and a somewhat fl attened fl ow 
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pattern. He stated that was a normal void and he could not empty any more urine on 
a second try. CMG and PFS depicted in Fig.  19.3b .

   Baseline pressures are within normal range and pressure lines are concordant 
 during cough spikes (a). No evidence of detrusor overactivity during storage and 
normal compliance at MCC of 619 mL. (b) Voiding phase demarcated (c) and patient 

  Fig. 19.3    ( a ) Non-invasive urofl ow, ( b ) CMG and PFS, ( c ) nomogram         
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initiated voided with a detrusor contraction (d) and an intermittent fl ow pattern (d). 
The second portion appears to be associated with valsalva. At the conclusion of the 
void there is concordance between  P  ves  and  P  abd  during cough spikes (g).  Q  max  is 
11 mL/s and  P  det @ Q  max  is 29 cm/H 2 O. He voided a volume of 313 mL with a PVR 
303 mL. The nomogram places him in the equivocal range for obstruction (Fig.  19.3c ). 

 This patient has no clinical symptoms of obstruction but has an elevated post- 
void residual. The question is whether the poor bladder emptying is from obstruc-
tion or detrusor underactivity. The non-invasive fl ow is not helpful. While the fl ow 
rate is low, the pattern is continuous. The PFS demonstrates a large capacity bladder 
with delayed sensation. While he does void with a sustained detrusor contraction, 
the  P  det  max is only 30 cm/H 2 O. The likely diagnosis for this patient is detrusor 
under activity, possibly related to his diabetes. However, he also likely has a relative 
outlet obstruction meaning that the relationship between the amount of pressure his 
bladder can generate and urethral resistance is unfavorable for him emptying effi -
ciently. We would treat this patient as if he were obstructed, since by reducing ure-
thral resistance the bladder pressure that he does generate may be suffi cient to 
empty his bladder more completely.  

    Case 4 

 Forty-year-old male with frequency, urgency, decreased fl ow, and recurrent UTIs. He 
was found to have high PVRs by bladder ultrasound of over 800 mL. He was placed 
on CIC but found that the PVRs were very inconsistent in volume. He reported 
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having many catheter volumes of 10–30 mL but then having to urinate again within 
a short time. He continued to have frequency that he could not explain by bladder 
volume and continued to have culture proven UTIs. He was scheduled for a videou-
rodynamic study. The non-invasive urofl ow is depicted in Fig.  19.4a . He voided 
61 mL with an intermittent fl ow pattern, a  Q  max  of 8 mL/s and a PVR of 400 mL.

   CMG and PFS depicted in Fig.  19.4b . Patient is standing, baseline pressures are 
within normal range,  P  ves  29 cm/H 2 O,  P  abd  26 cm/H 2 O (a) and both respond to cough 
with concordant spikes (b). In the middle of the tracing there is a sudden drop in 
both  P  abd  and  P  ves  and they remain concordant (c). This represents a point during the 
study that the patient became dizzy and was placed in the supine position. When he 
resumed the standing position, the pressures returned to their previous values and 
were again concordant during cough (d). The patient reached maximum capacity of 
500 mL and was given permission to void (e). 

 The PFS portion of the study has been expanded in Fig.  19.4c  starting at the point 
that the patient was given permission to void. (a) After a minute delay the  P  det  begins 
to rise and he voids 25 mL before the  P  det  returns to zero.  Q  max  is 5 mL/s and 
 P  det @ Q  max  is 67 cm/H 2 O and PVR of 475 mL. Filling resumed slowly over a 4-min 
period (c) until he developed a second urge and again he attempted to void. 

  Fig. 19.4    ( a ) Non-invasive Urofl ow, ( b ) CMG and PFS, ( c ) expanded PFS, ( d ) nomogram, 
( e ) fl uoroscopic image—capacity, ( f ) fl uoroscopic image—void, ( g ) fl uoroscopic image—fi lling           
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The second attempt to void (d) resulted in voided volume of 52 mL, a  Q  max  of 
5 mL/s, a  P  det @ Q  max  of 85 cm/H 2 O, and PVR of 450 mL (e). The nomogram 
suggests obstruction (Fig.  19.4d ). 

 Fluoroscopy during urodynamics is termed videourodynamics and allows for 
evaluation of lower urinary tract anatomy and bladder pressure simultaneously. In 
this case, (Fig.  19.4e–g ) we see that the patient has a large bladder diverticulum that 
fi lls during voiding and then empties back into the bladder during rest. Figure  19.4e  
corresponds to point (a) on the tracing in Fig.  19.4c  when the patient reached capacity 
with a low  P  det  and the bladder diverticulum is small in comparison to the bladder. 
Figure  19.4f  corresponds to point (b) on the tracing in Fig.  19.4c  taken during void-
ing. It shows an enlarging bladder diverticulum, a poorly funneling bladder neck, and 
poorly fi lled prostatic urethra in spite of the rising intravesical pressure. This suggests 
that there is a more resistance at the level of the bladder outlet than there is at the 
diverticular opening resulting in fl ow in the direction of the diverticulum. The patient 
feels that the bladder is empty when the fl ow stops and if he were to catheterize at this 
point he would have indeed have a very small PVR. Figure  19.4g  is taken during the 
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period of refi lling corresponding to point (c) on the tracing in Fig.  19.4c  The  P  det  is 
again low and urine fl ows from the diverticulum back into the native bladder. 

 The patient has outlet obstruction associated with a bladder diverticulum. The 
videourodynamic fi ndings correlate with the patient’s symptoms and also help us 
understand why the patient did not have relief after beginning self-catheterization. 
He was catheterizing immediately after voiding when the bladder was still empty, 
prior to refi lling from the diverticulum. When the patient began performing CIC 
without trying to void and allowed the catheter to remain in until the fl ow stopped, 
he emptied completely. This took care of the urgency and frequency. In order to 
resolve his symptoms he will need to address both the obstruction and the bladder 
diverticulum. By simply addressing outlet obstruction, he will likely continue to fi ll 
the diverticulum continuing to have high PVRs and have unresolved symptoms. 
Removing the diverticulum without addressing the obstruction will leave him at a 
high risk for recurrence of the diverticulum.  

    Case 5 

 Seventy-year-old male presents 3 years after radical retropubic prostatectomy for 
prostate cancer, with a history of post-prostatectomy incontinence previously treated 
with a male sling 5 years earlier. Recently developed urinary retention and under-
went a procedure for a “scar at the bladder neck.” Now he is experiencing inconti-
nence during the daytime that is worse when he is active. The patient underwent 
urodynamics and a voiding cystourethrogram (VCUG) to evaluate both the function 
and anatomy of the lower urinary tract (Fig.  19.5a ).

   Baseline  P  ves , and  P  abd  pressures are in the normal range for standing. (a)  P  abd  and 
 P  ves  lines are active and concordant in measurement as demonstrated by the cough 
pressure spikes. Due to the slightly higher  P  abd  at the beginning of the study the  P  det  
starts out with a non-physiologic value of negative 5 cm/H 2 O. (b) Attempts to cor-
rect this should be made prior to starting the study by adjusting the abdominal cath-
eter or the fl uid in the balloon. During the storage phase, detrusor overactivity 
occurs at a volume of 154 mL. (c) Once the detrusor contraction ends, the patient is 
asked to cough and perform valsalva maneuvers, but no urodynamic stress inconti-
nence is identifi ed. (d). When he reaches capacity he is given permission to void. (e) 
Patient is unable to void in spite of a detrusor contraction of over 100 cm/H 2 O. (f) 
He subsequently attempts to augment the detrusor contraction with a valsalva 
maneuver (g) and is still unable to produce fl ow. The vesical catheter is then removed 
as illustrated by the sudden drop in  P  ves  (h) and he is asked to cough and valsalva 
without the vesical catheter and urodynamic stress incontinence is and noted (i). 

 At rest, in the right anterior oblique position, fl uoroscopy demonstrates bilateral 
vesicoureteral refl ux left > right and a closed bladder neck (Fig.  19.5b ). Voiding 
image in left anterior oblique position demonstrates the catheter in the urethra, par-
tially open bladder neck, contrast narrowing at the level of the external sphincter 
and bone anchors bilaterally in the inferior rami of pubis (Fig.  19.5c ). 

 This patient has a clinical presentation of urinary incontinence secondary to ure-
thral dysfunction and BOO from a post-prostatectomy bladder neck contracture. 
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The urodynamic study demonstrates obstructive parameters and fl uoroscopy identi-
fi es anatomic evidence that the obstruction is at the level of the bladder neck. It also 
demonstrates bilateral vesicoureteral refl ux. Subsequent cystoscopy confi rmed a 
bladder neck contracture.  

    Case 6: Relative Outlet Obstruction After Sling 

 Sixty-fi ve-year-old woman, 6 months status post a midurethral sling, presents with 
slow, intermittent fl ow and incomplete emptying. No urinary incontinence symptoms. 
The physical exam was normal; specifi cally there was no evidence of mesh exposure 
on vaginal exam. The sling could be palpated at the proximal urethra. Urinalysis nega-
tive. Non-invasive urofl ow depicted in Fig.  19.6a . The initial spike (a) should be 
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  Fig. 19.6    ( a ) Non-invasive urofl ow, ( b ) CMG and PFS, ( c ) PFS expanded         
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disregarded as artifact since it lasts less than 2 s. Taking that into consideration the  Q  max  
is 12 cc/s and the curve has a prolonged terminal portion as opposed to being bell-
shaped (b).

   CMG and PFS (Fig.  19.6b ) Baseline pressures are within the normal range and 
concordant with one another (a). Multiple cough and valsalva maneuvers performed 
to assess for urinary incontinence (b). Storage phase demonstrates no evidence of 
urodynamic incontinence and normal compliance. Patient moved from a standing to 
a sitting position between storage and emptying with adjustment of transducers (c) 
and reestablishment of PFS baseline and concordance. Patient was given permission 
to void and did so with a combination of detrusor contraction and Valsalva (d). At 
the conclusion of the study the vesical catheter was removed (e) and she completed 
her void (f). The PFS is expanded in Fig.  19.6c  for closer examination. 

 Expanded PFS section (Fig.  19.6c ). The patient’s position adjusted (a) and base-
line pressures and concordance are reestablished. After she is given permission to 
void (b), she initiates fl ow and rapidly reaches her  Q  max  of 8 mL/s with a  P  det @ Q  max  
of 41 cm/H 2 O (c). The fl ow is intermittent. (f) During the initial phase of voiding, 
she voids only 28 mL with a sustained detrusor contraction that lasts the duration 
of the void (d). Halfway through this portion of the voiding phase she begins to 
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 augment the void with valsalva (e). EMG activity decreases during void (g). The 
vesical catheter is removed and she is able to void another 200 mL (h). The fl ow 
pattern is similar in shape to the pattern on her NIF. 

 This study is suggestive of a relative obstruction.  

    Case 7: Post Sling Obstruction 

    Fifty-four year-old female presents 6 months following placement of a midurethral 
sling for stress urinary incontinence. Her stress incontinence has improved but she 
now is bothered by urge incontinence. She reports being in urinary retention fol-
lowing her sling for the fi rst 2 weeks during which time she used an indwelling 
catheter. She is currently on anticholinergic medication that has helped somewhat, 
but remains bothered. A non-invasive fl ow was obtained (Fig.  19.7a ), during which 
she voided 307 mL with a  Q  max  of 8 mLs/s, a prolonged fl ow pattern and a PVR of 
30 mL.

   CMG and PFS (Fig.  19.7b ) Baseline pressures are within normal range for a 
patient standing and are concordant during a cough spike (a). There is signifi cant 
activity in the abdominal pressure line throughout study that is not associated with 
patient moving around and which creates artifact in the  P  det  tracing. However, there 
is defi nitive evidence of detrusor overactivity beginning at a volume of 116 mL 
associated with strong urge to urinate (b) and then continuing episodically through-
out the duration of the study (c–e). No evidence of urodynamic stress incontinence 
with cough or valsalva. The maximum capacity is 266 mL. After changing posi-
tions and reestablishing baseline pressures by adjusting the transducers to the 
height of the symphysis (f), she is given permission to void (g). She voids with a 
detrusor contraction (h) and continuous fl ow pattern (i). Transducers are active at 
end of study during cough spike (j). The expanded PFS study is displayed in 
Fig.  19.7c . 

 Expanded PFS (Fig.  19.7c ) This tracing begins at the time of her last involuntary 
detrusor contraction (a). After she reached capacity she is moved from standing to 
sitting position, the transducers are adjusted, and a new baseline is established (b). 
Her voiding attempt is initiated with both a detrusor contraction and valsalva (c), 
followed by cessation of EMG activity (d) and a persistent detrusor contraction (e). 
She voids a total of 228 mL with a  Q  max  of 5 mL/s,  P  det @ Q  max  of 51 cm H 2 O, and a 
prolonged pattern, consistent with obstruction. Fluoroscopy revealed an open blad-
der neck with narrowing at proximal urethral and slight indentation in the area of the 
previous sling (Fig.  19.7d ).  
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  Fig. 19.8    ( a ) Non-invasive urofl ow, ( b ) CMG and PFS, ( c ) expanded PFS         
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    Case 8 

 Sixty-four year-old patient who presents with a history of stress urinary inconti-
nence symptoms for many years. She denies urgency or urge incontinence. Denies 
previous therapy or history of urinary tract infection. Does state that she strains to 
urinate. No evidence of prolapse on physical exam. Non-invasive urofl ow demon-
strates a voided volume of 284 mL with a  Q  max  of 29 mL/s, (after smoothing the 
curve)    and an intermittent fl ow pattern. PVR of 30 mL (Fig.  19.8a ).

   CMG and PFS (Fig.  19.8b ) Baseline pressures within normal range for standing 
patient  P  ves  27,  P  abd  21, and  P  det  of 6 cm/H 2 O. (a) Good concordance of both lines 
during cough spikes (b) No evidence of detrusor overactivity. Urodynamic stress 
incontinence is identifi ed during valsalva maneuvers performed at a volume of 
207 mL with VLPPs of 67 and 71 cm/H 2 O. Patient is moved from standing to sitting 
position, transducers are adjusted, and new baseline pressures are established prior 
to voiding (d). Patient voids with a sustained valsalva maneuver for the initial 
100 mL of the void (e) and then with intermittent valsalva during the remaining 
200 mL (f) with fl ow patterns that refl ected that voiding mechanism. The EMG is 
increasingly active during this period, (g) demonstrating how diffi cult it is to assess 
pelvic relaxation with surface electrodes when the patient is straining. 
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 Expanded PFS (Fig.  19.8c ) This section demonstrates a position change with 
readjustment of transducers (a). Permission to void. (b) Flow pattern that is initially 
continuous and low in amplitude (c). Flow pattern that becomes more intermittent 
with higher amplitude spikes (d). This fl ow pattern is mirrored by both the  P  ves  and 
 P  abd  tracings suggesting a valsalva voiding mechanism. The subtracted  P  det  suggests 
there is minimal if any detrusor functions (e). This study confi rms the suspicion 
from the non-invasive urofl ow that the patient is a valsalva voider. This may have 
implications for the type of anti-incontinence procedure the patient is offered.  

    Conclusion 

 BOO can be associated with LUTS or can remain “silent” leading to secondary 
conditions such as urinary tract infections, bladder diverticulum, bladder stones, or 
renal failure. Categorizing and understanding these entities is crucial when evaluat-
ing a patient with potential BOO. Urodynamic evaluation, specifi cally the PFS, is 
currently the gold standard diagnostic tool. Professional medical societies recom-
mend a focused use of urodynamics in the evaluation of patients at risk for BOO. 
While it is not necessary to perform pressure fl ow studies in everyone suspected of 
having BOO, when an accurate diagnosis is critical before selecting potentially 
morbid procedures in selected patients and most experts agree it should be 
available.     
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    Chapter 20   
 Test Tracings: Final Exam 

             Eric     S.     Rovner      and     Michelle     E.     Koski    

           Test Question 1 

  Clinical history : A 50-year-old female presents complaining of urinary frequency, 
urgency, and nocturia. Physical exam shows normal genitalia without evidence of 
pelvic organ prolapse or urethral hypermobility. During urodynamic testing the 
patient reports early fi rst sensation at a volume of 10 cc and reaches maximum cys-
tometric capacity at 130 cc (fi lling volume tracing, Vinf, not shown.) (Fig.  20.1 ).

   This study demonstrates:

    1.    Detrusor overactivity   
   2.    Stress urinary incontinence   
   3.    Impaired compliance   
   4.    Detrusor sphincter dyssynergia (DSD)   
   5.    Increased bladder sensation     

 Answer 5. Increased bladder sensation is demonstrated with early fi rst sensa-
tion, early fi rst desire to void, early strong desire to void and diminished maximum 
cystometric capacity. Detrusor overactivity is not seen on this tracing nor is stress 
urinary incontinence, impaired compliance, or an obstructed voiding pattern to 
 suggest DSD.  
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    Test Question 2 

  Clinical history : A 60 year old female presents with complaints of urgency, 
 frequency, nocturia, and urgency-related incontinence. Physical exam is notable for 
a Grade IV cystocele, Grade III uterine prolapse, and Grade II rectocele. No stress 
incontinence is elicited with reduction of the prolapse. During urodynamic testing 
the patient reported urgency and a strong desire to void at 185 cc which she attempted 
to  suppress (Fig.  20.2 ).

   This study demonstrates:

    1.    Detrusor overactivity with leakage   
   2.    Stress urinary incontinence   
   3.    Impaired compliance   
   4.    Striated sphincter dyssynergia   
   5.    Detrusor overactivity without leakage     

 Answer 5. Detrusor overactivity without leakage is demonstrated with the rise in 
detrusor pressure and vesical pressure during the fi lling phase. No corresponding 
leakage is recorded by the urofl ometer.  

    Test Question 3 

 The videofl uoroscopic image (Fig.  20.3 ) is obtained in the patient described in Test 
Question 2.

   This demonstrates:

    1.    Bladder diverticulum   
   2.    Signifi cant cystocele   
   3.    Urethral hypermobility   
   4.    Neurogenic bladder   
   5.    Mild cystocele     

     Fig. 20.1              
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  Fig. 20.2              

  Fig. 20.3              
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 Answer 2. Signifi cant cystocele. The base of the bladder is descended well below 
the pubic symphysis.  

    Test Question 4 

  Clinical history : A 55-year-old female with multiple sclerosis presents with com-
plaints of urgency, frequency, nocturia, and urgency-related incontinence. Physical 
exam reveals normal genitalia without evidence of prolapse. No stress incontinence 
is elicited with cough stress test. During urodynamic testing the patient reported 
urgency and a strong desire to void at 79 cc which she attempted to suppress 
(Fig.  20.4 ).

   This study demonstrates:

  Fig. 20.4              

    1.    Detrusor overactivity with leakage   
   2.    Stress urinary incontinence   
   3.    Impaired compliance   
   4.    Detrusor overactivity without leakage   
   5.    Both 1 and 4     

 Answer 5. Detrusor overactivity without leakage is noted fi rst then detrusor over-
activity with leakage is demonstrated with the rise in detrusor pressure and vesical 
pressure during the fi lling phase. Corresponding leakage is recorded by the 
urofl ometer.  

    Test Question 5 

  Clinical history : A 65-year-old white male with a history of Parkinson’s disease 
presents with a chief complaint of new onset urinary urgency. Urodynamics are 
shown in Fig.  20.5 . He presents with a voiding diary showing volumes of 400–
500 mL. Which of the following would be the best next step?
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     1.    Timed voiding and antimuscarinics   
   2.    Intravesical botulinum toxin injection   
   3.    Alpha-blocker therapy   
   4.    Observation    

  Answer 1. Timed voiding and antimuscarinics. This patient demonstrates poor 
bladder compliance on his urodynamic tracing. His detrusor leak point pressure is 
>40 mm H 2 O at bladder volumes >380 cc. Therefore, an appropriate next step 
would be timed voiding. His voided volumes theoretically should be 200–300 cc in 
order to maintain a normal detrusor pressure. Observation is not an appropriate next 
step due to the risk of upper tract damage. Alpha-blocker therapy will not improve 
his abnormal compliance. This patient may ultimately progress and require botuli-
num toxin injections, but on initial presentation, the least invasive approach should 
be tried fi rst.  

    Test Question 6 

  Clinical History : A 30-year-old male with a history of T11 spinal cord injury is 
managed with CIC four times daily and maximum anticholinergic therapy. His cath-
eterization diary shows volumes of 250–300 mL. His urodynamic tracing is seen in 
Fig.  20.6 . He still complains of urinary leakage between catheterizations. Which of 
the following statements is  false ?

  Fig. 20.5              
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     1.    The patient is at risk of upper tract damage due to an elevated abdominal leak 
point pressures during fi lling.   

   2.    Botulinum toxin injections would be an appropriate next step in therapy.   
   3.    Upper tract imaging should be performed on this patient.   
   4.    This tracing demonstrates a compliance abnormality.    

  Answer 1. The patient is at risk of upper tract damage due to an elevated abdomi-
nal leak point pressures during fi lling. This patient’s tracing shows abnormal bladder 
compliance and an elevated  detrusor  leak point pressure during fi lling. Abdominal 
leak point pressures are not generally related to the risk of upper urinary tract dete-
rioration but detrusor leak point pressures are related to such a risk. Elevations in 
detrusor pressure, especially a tonic rise as demonstrated in this tracing, are worri-
some for upper tract damage. This patient’s clinical presentation and urodynamic 
tracing should warrant an upper tract evaluation. A renal ultrasound at a minimum 
should be performed. This patient would be an excellent candidate to study using 
videourodynamics to assess for a “pop-off” mechanism. Botulinum toxin injection 
would be a reasonable next step. However, if his detrusor pressure does not subse-
quently improve, he may ultimately require an augmentation cystoplasty.  

    Test Question 7 

  Clinical History : A 68-year-old male with benign prostatic hypertrophy undergoes 
urodynamics (Fig.  20.7 ).

  Fig. 20.6              
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   The circles in this study represent:

    1.    Detrusor overactivity   
   2.    Detrusor underactivity   
   3.    Provocative maneuver (coughing)   
   4.    Artifact   
   5.    Impaired compliance     

 Answer: 1. Involuntary detrusor contractions produce a rise in pressure in the  P  ves  
and  P  det  leads and not in the  P  abd  lead. The circles in this study represent detrusor 
overactivity. This is not detrusor underactivity as this is related to voiding pressures. 
A provocative maneuver such as coughing would generally appear as a sharp 
increase in the  P  ves  and  P  abd  leads due to the sudden increase in pressure generated 
with the cough. This does not represent an artifact; an increase in pressure in both 
the  P  ves  and the  P  det  lead in the face of a quiescent  P  abd  represents a bona fi de detrusor 
contraction. Impaired compliance would appear as a slow increase in the  P  det  and 
 P  ves  signals as the volume in the bladder increases.  

    Test Question 8 

  Clinical History : A 57-year-old female with complaints of urinary incontinence 
undergoes urodynamics (Fig.  20.8 ).

   The circles in this study represent detrusor overactivity: TRUE OR FALSE? 
 Answer: False. The areas indicated by the circles do not represent detrusor over-

activity. They highlight the provocative maneuver of coughing as demonstrated by 
the sharp increase in pressure in the  P  ves  and  P  abd  leads. The spike-like increase in the 
 P  det  lead is not consistent with the characteristic wave form of a detrusor contraction 
which typically has a smoother rise and fall akin to that of a bell shaped curve. 

  Fig. 20.7              
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These spikes in the  P  det  actually represent an artifact of urodynamic studies resulting 
from catheter transducer mismatch between the  P  ves  and  P  det  transducers. This is an 
important form of artifact in urodynamic studies.  

    Test Question 9 

  Clinical History : A 57-year-old female with urinary incontinence. The patient 
reports leakage with physical activity, such as playing soccer, working out at the 
gym, and lifting weights, and also reports leakage preceded by the urge to urinate. 
This sometimes occurs at night while she is sleeping. She wears two pads per day. 
The patient was prescribed an antimuscarinic medication at her last offi ce visit, 
which she reports is helping with her urgency, but not with her urinary incontinence 
(Fig.  20.9a, b ).

     1.    Based on the urodynamics study, what is the primary diagnosis?

    a.    Stress urinary incontinence only   
   b.    Urgency urinary incontinence only   
   c.    Mixed urinary incontinence   
   d.    Neither stress nor urge urinary incontinence       

   2.    At approximately 67 mL H 2 O, the urethral tracing indicates

    a.    A rise in maximum urethral pressure (MUP)   
   b.    A rise in maximum urethral closure pressure (MUCP)   
   c.    An artifact due to repositioning of the catheter    

  Fig. 20.8              
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      3.    Which arrow points to the ALPP?

    a.    A   
   b.    B   
   c.    C   
   d.    A and B        

  Answers (1A, 2C, 3B)

    1.    The correct answer is A, stress urinary incontinence only. The study indicates 
that the patient leaks with stress maneuvers. Leakage is not associated with an 
involuntary detrusor contraction, which means that there is no urgency inconti-
nence and furthermore, no mixed urinary incontinence.   

  Fig. 20.9              
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   2.    The correct answer is C, an artifact due to repositioning of the catheter, 
 represented by a sudden vertical change in the Pura catheter tracing. Urethral 
pressure measurements, on the other hand, occur as the urethral catheter is 
removed from the bladder. Typically, these pressures are exerted over time, and 
not just at one moment in time, as exhibited on this tracing.   

   3.    The correct answer is D, indicating that ALPP is measured by the pressure mea-
surement on  P  ves  or  P  abd . As discussed in Chap. 16, however, this is controversial 
and in reality either measurement,  P  ves , or  P  abd , is acceptable and could be used 
for ALPPs. The most important point is that ALPPs are measured with the same 
type of catheter each time in a standardized fashion.      

    Test Question 10 

  Clinical History : A 61-year-old female presents with a complaint of urinary incon-
tinence that has been getting progressively worse over the last 4 years. She reports 
symptoms of both stress and urge incontinence and has tried an antimuscarinic 
without improvement of her symptoms. Please note, there is no voiding phase in this 
study (Fig.  20.10a, b ).

     1.    Fluoroscopy shows

    a.    A smooth-walled bladder   
   b.    An open bladder neck   
   c.    Vesicoureteral refl ux   
   d.    a and b   
   e.    All of the above       

   2.    Leakage of urine was demonstrated at a volume of

    a.    53 mL H 2 O   
   b.    179 mL H 2 O   
   c.    220 mL H 2 O   
   d.    B and C   
   e.    All of the above       

   3.    The patient has videourodynamic signs of

    a.    Stress urinary incontinence   
   b.    Urge urinary incontinence   
   c.    Open bladder neck   
   d.    A and C   
   e.    All of the above        

  Answers (1D, 2D, 3E)
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    1.    The correct answer is D, both a smooth-walled bladder and an open bladder 
neck, as represented by the “beaked” appearance of the bladder neck. No vesico-
ureteral refl ux is present.   

   2.    The correct answer is D, leakage occurred at both 179 mL H 2 O and at 220 mL 
H 2 O. There is no leakage of urine at 53 mL H 2 O.   

   3.    The correct answer is E, all of the above. Stress urinary incontinence is shown at 
179 mL H 2 O, urgency urinary incontinence at 220 mL H 2 O, and the fl uoroscopic 
image shows an open bladder neck during a leak, as indicated by the “beaked” 
appearance,      

  Fig. 20.10              
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    Test Question 11 

  Clinical history : A 53-year-old female complains of frequency, a weak stream, and 
sensation of incomplete emptying. Patient denies prior surgery except for hysterec-
tomy. Patient denies history of UTI or other known neurological disease (Fig.  20.11 ).

   This study demonstrates:

    1.    Detrusor overactivity   
   2.    Stress urinary incontinence   
   3.    Valsalva voiding   
   4.    Impaired compliance   
   5.    Striated sphincter dyssynergia     

 The correct answer is 3. The study demonstrates Valsalva voiding with a charac-
teristic sawtooth pattern producing a fl ow that is prolonged and intermittent. SUI 
was assessed and not demonstrated. Compliance is normal. The rises in detrusor 
pressure are a result of slightly unequal transmission in vesical and abdominal 
 pressures (artifact).  

  Fig. 20.11              
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    Test Question 12 

  Clinical history : A 73-year-old female complains of frequency, incontinence, and 
sensation of incomplete emptying. She has no prior history of GU surgery. Her past 
medical history is signifi cant for diabetes and hypertension. She wears three incon-
tinence pads per day. Patient was asked to cough and strain several times during 
fi lling to assess for SUI (Black arrow denotes permission to void) (Fig.  20.12 ).

   This study demonstrates:

    1.    Detrusor aftercontraction   
   2.    Instrinsic sphincter defi ciency   
   3.    Detrusor overactivity with impaired contractility   
   4.    Impaired compliance   
   5.    Stress urinary incontinence     

 The correct answer is 3. The study demonstrates that the patient has urgency 
incontinence. SUI was not seen with cough or valsalva during fi lling. After permis-
sion to void, she voids primarily by straining and does not generate very high detru-
sor pressures producing an intermittent stream. This picture is suggestive of detrusor 
overactivity with impaired contractility.  

  Fig. 20.12              
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    Test Question 13 

  Clinical History : A 37-year-old female with past medical history of multiple sclero-
sis (MS) with complaint of urinary frequency and urge incontinence undergoes uro-
dynamics. Based on the tracing (Fig.  20.13 ), the diagnosis is:

     1.    DSD   
   2.    Bladder outlet obstruction   
   3.    Intrinsic sphincteric defi ciency   
   4.    Normal voiding pattern    

  The answer is 1 DSD. Normal voiding is characterized by sphincter relaxation 
prior to detrusor contraction. DSD is diagnosed via urodynamics by involuntary 
increased EMG activity during a bladder contraction due to a neurologic condition. 
EMG activity during detrusor contraction must be in the absence of Valsalva and 
Crede maneuvers. There is no rise of  P  abd  consistent with increased intra-abdominal 
pressure and the patient in this case carries a diagnosis of MS. A similar pattern of 
EMG activity can be seen in patients attempting to suppress urge associated with 
involuntary detrusor contraction. Voluntarily contracting pelvic fl oor helps to abort 
the detrusor contraction and remain continent. In patients with DSD, the EMG 
activity is due to involuntary contraction of pelvic fl oor and external sphincter.  

  Fig. 20.13              
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    Test Question 14 

  Clinical History : A 25-year-old female presents with a complaint of urge urinary 
incontinence. Patient has a long standing history of encoperesis and constipation. 
Physical exam reveals a tense pelvic fl oor with a large amount of stool in rectum. 
Patient has been evaluated by neurology with a negative work-up including normal 
MRI of spine. Urodynamic evaluation is represented in Fig.  20.14 .

   This study demonstrates:

    1.    DSD   
   2.    Primary Bladder Neck Obstruction   
   3.    Dysfunctional Voiding (Non-neurogenic neurogenic bladder)   
   4.    Valsalva voiding     

 The answer is (3) Dysfunctional voiding. EMG activity during a detrusor 
 contraction can be voluntary or involuntary contraction such as that seen in patients 
with neurologic disorders. The patient in this study had an involuntary detrusor con-
traction noted as a rise in  P  det  prior to permission to void. The patient voluntarily 
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contracted their sphincter complex to prevent leakage of urine seen as a rise in EMG 
activity. Once permission to void is given, the patient generates a detrusor contrac-
tion and fl ow is generated at which time increased EMG activity is noted, consistent 
with a diagnosis of dysfunctional voiding. The history of constipation and urinary 
incontinence also leads one to a diagnosis of global pelvic fl oor dysfunction. The 
patient does not have a neurologic diagnosis which would be necessary for diagnosis 
of DSD. Wet EMG leads can lead to an artifactual reading after initiation of fl ow, but 
the EMG soon dampens in this tracing, making artifact unlikely.  

    Test Question 15 

  Clinical history : A 28-year-old woman presents with stress urinary incontinence. 
She has no other storage symptoms, no pelvic organ prolapse on pelvic exam, and a 
positive cough stress test. Her urofl ow tracing is below. The post-void residual was 
5 mL (Fig.  20.15 ).

   Which of the following is true about the urofl ow pattern?

    1.    The fl ow curve is intermittent   
   2.    Obstruction is ruled out by this urofl ow curve   
   3.    The patient is straining at the end of the urofl ow   
   4.    The voided volume is inadequate for interpretation   
   5.    The fl ow curve is continuous     

  Answer : 5 

  Fig. 20.15              
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 The correct answer is 5. The study demonstrates a continuous fl ow curve, rather 
than an intermittent one. Abdominal straining and obstructed urination cannot be 
diagnosed solely from a non-invasive urofl ow. A pressure-fl ow study that evaluates 
simultaneous detrusor and abdominal pressures during urination is required to diag-
nose both of these. In adults, fl ow events of less than 100–150 mL should be 
 interpreted with caution.  

    Test Question 16 

  Clinical history : A 53-year-old male with Parkinson’s disease presents with storage 
and voiding lower urinary tract symptoms (LUTS). He has failed conservative 
 therapy with behavioral modifi cation and is considering medical therapy with anti-
muscarinic drugs and alpha-adrenergic blockers. He undergoes urodynamics and 
his tracing is seen in Fig.  20.16 .

   This study demonstrates:

    1.    Detrusor overactivity   
   2.    Low pressure, low fl ow voiding   
   3.    Low compliance   
   4.    Options 1 and 2 are correct   
   5.    Obstruction per the Abrams–Griffi th number     

  Answer : 4 
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 The correct answer is 4. The study demonstrates frequent involuntary detrusor 
contractions and a low normal pressure ( P  det  Q  max  = 48 cm H 2 O), low fl ow 
( Q  max  = 8 mL/s), volitional voiding pattern. Normal adult males typically void with 
detrusor pressures between 40 and 60 cm H 2 O. The AG number =  P  det  Q  max  − 2 Q  max , 
with AG > 40 indicating a high chance of obstruction, AG < 15 unlikely obstruction, 
and AG = 15–40 indicating an equivocal result (this patient had an AG number = 32). 
Normal compliance (large change in volume/small change in pressure) is present, 
making option 3 incorrect.    
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                      Appendix 

    Differential Diagnosis and Pattern Recognition: Causes 
of Commonly Encountered Patterns on PFUD Tracings 

  Multichannel pressure fl ow urodynamic tracings may have an infi nite number of 
different patterns encountered between the various recording channels. What fol-
lows is a list of common signal patterns seen on PFUD tracings and their possible 
cause: some of which are clinically relevant/important and some of which are 
related to the circumstances of the study or artifactual. This is not meant to be a 
complete exhaustive list nor a diagnostic list, but rather a practical list of some of 
the most commonly seen signal patterns on the tracing and their potential 
explanations.

    1.    Changes in Pves (P1):

   Sudden rise in Pves with concomitant rise in Pabd (Fig.  A.1  1 ):

 –    cough  
 –   valsalva  
 –   extrinsic compression on abdomen  
 –   patient movement during study  
 –   artifact (rare)     

  Sudden transient rise in Pves without concomitant rise in Pabd during cough/
valsalva (Fig.  A.2 ):

 –    Artifact only:

   non-functioning or absent Pabd transducer  
  acute transient obstruction of Pves transducer        

1   Figures courtesy of Brett Lebed, M.D. 
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  Fig. A.1    Sudden rise in Pves with concomitant rise in Pabd       

  Fig. A.2    Sudden transient rise in Pves without concomitant rise in Pabd during cough/valsalva       
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  Sudden drop in Pves with sudden rise in Pdet (Fig.  A.3 ):

 –    Artifact only:

   Pves catheter is dislodged or migrated or voided out  
  Movement, blockage, or disconnection of Pves catheter        

  Sudden sustained rise in Pves without concomitant rise in Pabd (Fig.  A.4 ):

 –    Sustained tetanic detrusor contraction (rare)  
 –   Artifact

   migration of Pves into urethra/bladder neck        

  Gradual and sustained rise in Pves without rise in Pabd (Fig.  A.5 ):

 –    Decreased compliance

   Neurogenic bladder  
  Infection  
  Long-term indwelling catheter with recent removal     

 –   Artifact secondary to supra-physiologic fi lling     

  Gradual decrease in Pves with gradual decrease in Pdet (Fig.  A.6 )

 –    Artifact only:

   Migration of Pves caudad/inferiorly  
  loss of signal from Pves        

  Fig. A.3    Sudden drop in Pves with sudden rise in Pdet       
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  Fig. A.4    Sudden sustained rise in Pves without concomitant rise in Pabd       

  Fig. A.5    Gradual and sustained rise in Pves without rise in Pabd       
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  Phasic rise in Pves and Pdet without change in Pabd (Fig.  A.7 )

 –    Detrusor overactivity      

             2.    Changes in Pdet (detrusor pressure)

   Decrease in Pdet without change in Pves (Fig.  A.8 ):

 –    Artifact only

   migration of Pabd cephalad        

  Increase in Pdet without increase in Pves (Fig.  A.9 ):

 –    Artifact only

   migration of Pabd caudad (inferiorly)  
  gradual loss of signal from Pves or Pves migration caudad/inferiorly (see 

Fig.  A.6 )        

  Transient/sudden decrease in Pdet without rise in Pves (Fig.  A.10 )

 –    Artifact only

   rectal contraction  
  Pabd signal transduction problems  
  non-functioning Pves catheter during valsalva/cough        

  Fig. A.6    Gradual decrease in Pves with gradual decrease in Pdet       
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  Fig. A.7    Phasic rise in Pves and Pdet without change in Pabd       

Fig. A.8 Decrease in Pdet without change in Pves
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Fig. A.9 Increase in Pdet without increase in Pves

Fig. A.10 Transient/sudden decrease in Pdet without rise in Pves

 Appendix



342

  Phasic “increases” in Pdet without a rise in Pves (Fig.  A.11 )

 –    Artifact only

   multiple consecutive rectal contractions                    

Fig. A.11 Phasic “increases” in Pdet without a rise in Pves
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  A 
  Abdominal leak point pressure (ALPP) 

 continence and incontinence , 210–211  
 contractions, involuntary , 202–203  
 defi nition , 12–13   

  Abdominal pressure (P abd ) , 77–78   
  Abnormal detrusor contractility , 238–239   
  Acontractile detrusor, tracings interpretation 

 defi nition , 235  
 in elderly male , 237  
 multiple sclerosis, female , 236–237  
 treatments , 235   

  American Urological Association (AUA) 
guideline , 56–57   

  Anorectal malformations , 110   
  Antibiotic prophylaxis 

 optimization methods , 97  
 UDS evaluation , 68–69   

  Antimuscarinics, tracings interpretation , 
320–321   

  Artifact recognition and solutions 
 annular restrictions , 88  
 catheters , 76–78  
 causes , 75  
 defi nition , 75  
 EMG activity , 83–84  
 infusion pump errors , 88–89  
 infusion rate , 79  
 P abd /P ves  drift , 81–82  
 psychogenic inhibition , 84–86  
 signal mismatch , 79–81  
 urofl owmetry, waggling or cruising , 86–88   

  Autonomic dysrefl exia (AD) 
 etiology of , 132  
 pharmacological prophylaxis , 133–134  

 recurrent patients , 134  
 signs and symptoms , 132–133  
 stimulus removal , 133   

  Average national reimbursement , 52    

  B 
  Bashful bladder , 84–85   
  Benign prostatic hypertrophy, detrusor 

overactivity , 322–323   
  Billing procedure.    See  Coding and 

reimbursement, physician  
  Bladder contractility index (BCI) , 147, 229   
  Bladder diary , 4   
  Bladder outlet obstruction (BOO), bladder 

emptying 
 AUA guidelines , 289–290  
 bladder diverticulum patient , 300–304  
 defi nition , 289  
 diabetes and detrusor under activity , 

298–300  
 fl uoroscopy, retrograde and antegrade , 290  
 limitation, non-invasive diagnostics , 290  
 morbidity rate , 291  
 outlet obstruction patient , 292–295  
 palpated sling effect , 305–308  
 patient classifi cation, ICS , 290  
 post-prostatectomy bladder neck 

contracture , 304–305  
 post sling obstruction , 308–310  
 power fl ow study , 290–292  
 quality control techniques , 291  
 small capacity bladder patient , 

295–298  
 valsalva voider , 311–313   

                               Index 
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  Bladder outlet obstructive index (BOOI) , 
145–147   

  Bladder oversensitivity, tracings interpretation , 
317–318   

  Bladder pain syndrome (BPS) , 162   
  Botulinum toxin , 322    

  C 
  Capacity, bladder fi lling and storage 

 anatomic considerations , 165–169  
 bladder diary , 156  
 bladder diverticula , 165, 167  
 bladder pain syndrome , 162  
 children  vs.  adults , 156  
 cystometry , 157–158  
 defi nition , 155, 159  
 detrusor overactivity (DO) , 162–164  
 detrusor sphincter dyssynergia , 164–166  
 diabetic cystopathy , 165, 167  
 functional capacity , 160  
 neurogenic bladder dysfunction , 164, 165  
 overactive bladder syndrome , 161–162  
 oversensitivity , 160, 162  
 pelvic organ prolapse , 167, 168  
 urinary tract infection , 162  
 vesicoureteral refl ux , 168–169  
 videourodynamic assessment , 160   

  Catheter artifacts 
 EMG activity , 78  
 fi lling rate , 78  
 optimization methods , 98–99  
 P abd  , 77–78  
 Pdet , 78  
 purposes of , 76  
 Pves , 77  
 repositioning artifact, tracings 

interpretation , 324–326  
 signal mismatch , 79–81  
 urofl owmetry and voided volume , 78  
 water  vs  air charged catheters , 76–77   

  Clinical applicability , 18   
  Coding and reimbursement, physician 

 average national reimbursement , 52  
 billing procedure , 49–51  
 current procedural terminology codes , 44  
 cystoscopy modifi er , 52  
 ICD-9-CM , 46–47  
 ICD-10-CM , 44  
 modifi ers , 47–48  
 primary  vs  subsequent procedure , 52  
 relative value units , 44–46  
 statistics, diagnostic expenses , 43  
 step-by-step coding procedure , 48–49   

  Complete bladder emptying 
 acontractility, detrusor , 269–271  
 benign prostatic obstruction , 265–267  
 bladder diverticulum effect , 271–275  
 bladder outlet obstruction , 267–269  
 cystocele , 279–285  
 defi nition , 263–264  
 detrusor-external sphincter dyssynergia , 

281–286  
 detrusor overactivity , 267–269  
 elevated PVR , 264–265  
 high valsalva leak point pressure , 277–282  
 implications, elevated PVR , 265  
 intrinsic sphincter defi ciency , 275–278  
 post-prostatectomy incontinence , 275–278  
 small-bladder capacity , 281–286  
 spinal cord injury , 281–286  
 terminology , 263–264   

  Compliance, bladder fi lling and storage 
 abnormal pressure range , 173  
 bladder diverticuli , 176–177  
 calculation , 171–172  
 cervical cancer patient , 178–179  
 classic bladder outlet obstruction , 182  
 defi nition , 171  
 detrusor external sphincter dyssynergia , 183  
 detrusor overactivity , 174  
 ICS standard points , 171  
 neurogenic bladder , 174–176  
 phasic detrusor contractions , 180–182  
 spina bifi da patient , 179–180  
 spinal cord injury patient , 177, 178  
 suprapontine cerebrovascular injured 

patient , 179, 181  
 in transverse myelitis patient , 174, 175   

  Components, UDS , 4–17   
  Congenital anomalies , 117–124   
  Continence and incontinence, SUI 

 abdominal leak point pressure , 210–211  
 catheter quality, urodynamic 

evaluation , 212  
 mixed urinary incontinence , 215–216  
 myasthenia gravis , 216–218  
 neurogenic bladder, open bladder neck , 

213–215  
 P abd  catheter , 212  
 patient positioning , 212  
 post-radical prostatectomy , 220–222  
 stress-induced detrusor contraction , 

218–220  
 symptoms of , 209  
 urethral function assessment , 210–212  
 urethral pressure measurements , 211–212  
 uterine mass , 222–224   
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  Continuous fl ow curve, SUI tracings 
interpretation , 332–333   

  Contractility, bladder emptying.    See also  
Contractions (involuntary), bladder 
fi lling and storage  abnormal detrusor 
contractility , 238–239  

 acontractile detrusor , 227, 235–237  
 bladder contractility index , 228  
 defi nition of , 227  
 Fowler’s syndrome , 245–246  
 hyperactive detrusor , 239–242  
 isovolumetric techniques , 228–229  
 measurement method , 228–229  
 normal detrusor function , 227  
 pelvic fl oor dysfunction , 244–245  
 underactive detrusor , 227, 229–234  
 valsalva voiding , 242–244  
 voiding dysfunction , 244–245  
 Watts factor (WF) , 228   
  Contractions (involuntary), bladder fi lling 

and storage.    See also  Contractility, 
bladder emptying   abdominal leak point 
pressure , 202–203  

 defi nition of, urgency (urinary) , 197–198  
 detrusor after-contractions , 205–206  
 detrusor leak point pressure , 202–203  
 fi lling and storage phase , 199  
 idiopathic detrusor overactivity , 200, 202  
 IUGA/ICS terminology , 197  
 micturition cycle , 199  
 mixed urinary incontinence , 202, 203  
 neurogenic detrusor overactivity , 200–201  
 phasic detrusor overactivity , 200–201  
 provocative maneuvers , 199–200  
 terminal detrusor overactivity , 203, 205  
 vesical pressure, Pves , 198–199   

  Cough leak point pressure (CLPP) , 210–211   
  4 C’s of bladder emptying 

 clinical obstruction , 31  
 complete emptying , 31  
 contractility , 30–31  
 coordination of , 31  
 9 C’s result , 32   

  5 C’s of fi lling and storage, bladder 
 aim , 29  
 coarse sensation , 29  
 compliance , 29  
 continencecontractions , 29–30  
 cystometric capacity , 30   

  Current procedural terminology (CPT) codes , 
44, 45   

  Cystocele 
 complete bladder emptying , 279–285  
 tracings interpretation , 318–320   

  Cystometrogram (CMG).    See  Cystometry  
  Cystometry 

 4 C’s, bladder emptying , 30–32  
 5 C’s, fi lling and storage , 28–30  
 detrusor overactivity (DO) , 10–11  
 fl uoroscopic image , 17  
 gas , 10  
 impaired compliance, bladder , 10–12  
 liquid , 10  
 measures of sensation, bladder fi lling , 13  
 principle , 10  
 provocative maneuvers , 12–13    

  D 
  Detrusor after-contractions (DAC) , 

205–206   
  Detrusor-external sphincter dyssynergia 

(DESD) 
 complete bladder emptying , 

281–286  
 defi nition , 9   

  Detrusor hyperactivity with impaired 
contractility (DHIC) 

 characteristics , 239  
 female patient , 240–241  
 intermittent catheterization , 240  
 male patient , 241–242  
 treatment , 239–240   

  Detrusor leak point pressure (DLPP) , 
202–203   

  Detrusor overactivity 
 impaired contractility, tracings 

interpretation , 329  
 tracings interpretation , 318–320   

  Detrusor sphincter dyssynergia (DSD) 
 sphincters coordination , 256–258  
 tracings interpretation , 330   

  Detrusor underactivity, contractility tracings 
interpretation 

 causes and predisposing factors , 
229–230  

 crede voiding , 232  
 defi nition of , 229  
 radical prostatectomy effect , 233  
 reduced outlet resistance , 231–232  
 sphincteric defi ciency , 234  
 treatments , 235  
 urethral relaxation , 230–231   

  Diabetes, detrusor under activity , 298–30300   
  Diabetic cystopathy , sensation , 191   
  Doppler, color fl ow , 17   
  Dysfunctional voiding, tracings interpretation , 

331–332    
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  E 
  Electromyography (EMG) 

 activity signal, coughing and voiding , 8–9  
 artifact recognition and solutions , 83–84  
 artifacts , 9  
 dysfunctional voiding , 9–10  
 function , 7  
 surface EMG , 7–9   

  Emptying.    See  Complete bladder emptying  
  Enema, pediatric patient , 116    

  F 
  Fluoroscopic imaging , 16, 17   
  Fowler’s syndrome , 245–246    

  G 
  Guidelines, AUA/SUFU , 18    

  H 
  Hinman’s syndrome , 121–123    

  I 
  Idiopathic detrusor overactivity (IDO) , 

200, 202   
  Idiopathic overactive bladder , 191–192   
  Incontinence, SUI.    See  Continence and 

incontinence, SUI  
  Increased bladder sensation , 189–190   
  Infection 

 neurogenic patient, UTI , 134  
 sensation, bladder , 190   

  Insensate incontinence , 192–193   
  International classifi cation of diseases-9th 

revision-clinical modifi cation codes 
(ICD-9-CM) , 46–47   

  Interstitial cystitis , 189–190   
  Intrinsic sphincter defi ciency (ISD), complete 

emptying , 275–278    

  M 
  Mixed disorder of bladder sensation , 

191–192   
  Mixed urinary incontinence (MUI) 

 contractions, involuntary , 202–203  
 multichannel urodynamics (UDS) , 56  
 tracings interpretation , 215–216   

  Modifi ers, physician bill 
 defi nition , 47  
 types , 48   

  Multichannel urodynamics (UDS) 
 abdominal examination , 63  
 antibiotic prophylaxis , 68–69  
 AUA guideline , 56  
 counseling, patient , 59  
 defi nition , 55  
 drug history , 62  
 fi lling the bladder , 69–70  
 fl uid  vs  gas medium, bladder fi lling , 70  
 genitourinary examination , 63  
 history evaluation, patient , 60–62  
 indications, patients , 56–57  
 interpretation , 70–72  
 investigations , 68–69  
 LUTS history , 60–61  
 medical history , 62  
 necessity , 56  
 neurologic examination , 64  
 objective of , 55  
 obstetric history , 62  
 pad test , 66–67  
 patient factors, interpretation , 71  
 patient positioning , 69  
 pelvic fl oor muscle examination , 63  
 physical examination , 63  
 planning questions , 58  
 post-void residual urine evaluation , 64–65  
 practitioner accuracy, interpretation , 72  
 pretest arrangements , 59  
 pretest evaluation , 64–67  
 pretest questions , 57–58  
 rectal examination , 63  
 study place infl uence , 71  
 SUFU/AUA guideline , 56–57  
 surgical history , 62  
 trained personnel , 59  
 upper urinary tract imaging , 68  
 urinalysis , 68  
 urine cytology , 68  
 vaginal examination , 63  
 voiding diary evaluation , 65–67   

  Myasthenia gravis, incontinence tracings , 
216–218    

  N 
  Near infrared spectrometry (NIRS) , 17   
  Neurogenic bladder (NGB) dysfunction 

 AUA/SUFU guideline , 20–21  
 autonomic dysrefl exia (AD) , 132–134  
 continence tracing evaluation , 213–215  
 degree of symptomatology , 130  
 detrusor overactivity , 131  
 electromyelography , 136  
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 fl uoroscopy , 135–136  
 infection , 134  
 management goals , 130  
 multichannel urodynamics (UDS) , 57  
 pediatric patient , 108  
 prognosis , 131  
 videourodynamics , 135–136   

  Neurogenic detrusor overactivity (NDO), 
involuntary contractions , 200–201   

  Non-neurogenic bladder 
 dysfunction , 106–108  
 tracings interpretation , 331–332   

  Normal bell-shaped urofl ow pattern , 6   
  Normal study 

 coarse sensation and capacity , 142–143  
 compliance , 143–144  
 continence , 144–145  
 contractility, clinical obstruction, and 

complete emptying , 145–148  
 contractions , 144  
 emptying cystometry , 145–153  
 fi lling cystometry , 142–145  
 post-void residual (PVR) volumes , 147  
 sphincters coordination , 148–153    

  O 
  Obstructive urofl ow pattern , 6   
  Optimization methods 

 antibiotic prophylaxis , 97  
 catheterization , 98–99  
 documentation , 101–102  
 medication management , 97  
 patient education , 93–94  
 patient factors , 91–92  
 patient positioning , 100–101  
 premedications , 97  
 room preparation , 92–93  
 staff training , 102  
 surgically implanted hardware , 99  
 symptoms reproduction , 93–95  
 syncope avoidance , 101  
 urge suppression techniques , 95–97  
 visual cue cards, exam room , 94  
 voiding facilitation , 95   

  Origin, UDS , 3   
  Overactive bladder (OAB) 

 cystometric capacity , 162  
 multichannel urodynamics (UDS) , 56    

  P 
  Pad test , 66–67   
  Palpated sling effect, tracings interpretation , 

305–308   

  Parkinson’s disease patient , 
333–334   

  Paruresis.    See  Psychogenic inhibition  
  Patient positioning , 100–101   
  Pdet changes, pattern recognition 

 decrease and increase , 339–341  
 phasic increase , 342  
 transient/sudden decrease , 339, 341   

  Pediatric patient 
 anorectal malformations , 110  
 artifacts , 113–116  
 child-life specialist requirement , 117  
 emptying component , 112–113  
 enema , 116  
 fi lling and storage component , 

111–112  
 fl uoroscopy applicatopn , 113  
 Hinman’s syndrome, videourodynamics , 

121–123  
 indications , 106–110  
 neurogenic bladder dysfunction , 108  
 neurogenic incontinence, 

videourodynamics , 117–120  
 non-neurogenic bladder dysfunction , 

106–108  
 pain and anxiety reduction , 114  
 parental presence , 116  
 patient history , 105–106  
 positioning , 114  
 posterior urethral valve obstruction , 

109–110  
 PUV incontinence child, 

videourodynamics , 120–121  
 renal transplant candidate, 

videourodynamics , 123–124  
 sedative effects , 115  
 spinal cord disorders , 108–109  
 UDS system setup , 111  
 videourodynamics, congenital anomalies , 

117–124  
  vs  adult , 110–113  
 waiting rooms requirement , 116   

  Pelvic fl oor dysfunction (PFD) 
 contractility , 244–245  
 LUTS IUGA/ICS report , 61   

  Phasic detrusor overactivity (PDO) 
 abnormal compliance , 174  
 contractions, involuntary , 

200–201   
  Posterior urethral valve obstruction , 

109–110   
  Post-radical prostatectomy, incontinence , 

220–222   
  Post sling obstruction, tracings interpretation , 

308–310   
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  Post-void residual (PVR) evaluation 
 advantages , 4–5  
 AUA guidelines , 64  
 catheterization , 64  
 defi nition , 64  
 elevated PVR , 5  
 and incontinence , 65  
 normal PVR , 65   Post-void residual (PVR) 

evaluation (cont.)  normal PVR , 65   
  Practice elements , 4   
  Pressure-fl ow urodynamics 

 4 "C’s , 30–32  
 9 "C’s , 28  
 5 "C’s, bladder emptying , 28–30  
 5 "C’s, fi lling and storage , 28–30  
 principle , 27–28   

  Primary bladder neck obstruction (PBNO) 
 anti-incontinence surgery , 260  
 characteristics , 259  
 male  vs  female, etiology , 260  
 patient clinical history , 260–262  
 pelvic fl oor dysfunction effect , 262  
 treatment , 258–259   

  Pseudo-dyssynergia , 9   
  Psychogenic inhibition 

 artifact recognition and solution , 84–86  
 UDS interpretaion factor , 71   

  Pves changes, pattern recognition 
 drop , 337  
 gradual and sustained rise , 337–338  
 gradual decrease , 337–339  
 phasic rise , 339–340  
 rise , 335–336  
 sustained rise , 337–338  
 transient rise , 335–336    

  R 
  Reduced or absent bladder sensation , 190–191   
  Reimbursement, diagnostics expenses.    See  

Coding and reimbursement, physician  
  Relative value units (RVUs) 

 diagnostic CPT codes , 46  
 evaluation and management , 45  
 procedural CPT Codes , 45  
 usage , 44–45   

  Renal transplant pediatric patient , 123–124    

  S 
  Sedative effects , 115   
  Selection, UDS 

 equipment costs , 39–40  
 manufacturers, UDS equipment , 35–36  

 transducers , 38–39  
 UDS system, ICS recommendations , 

36–38   
  Sensation, bladder fi lling and storage 

 altered sensation conditions , 188–192  
 bladder pain syndrome , 189–190  
 defi nitions of , 185  
 diabetic cystopathy , 191  
 healthy person , 187–188  
 ICS Terminology , 186  
 idiopathic overactive bladder , 191–192  
 increased bladder sensation , 189–190  
 infection , 190  
 insensate incontinence , 192–193  
 interstitial cystitis , 189–190  
 maximal cystometric capacity , 194  
 measuring method , 186–187  
 mixed disorder of bladder sensation , 

191–192  
 patients interpretation of , 194  
 rating, electronic keypad , 187  
 reduced or absent bladder sensation , 

190–191  
 reliability factors , 187  
 sensory neurogenic bladder disorders , 

190–191   
  Sensory neurogenic bladder disorders , 

190–191   
  Shy bladder syndrome , 71   
  Small capacity bladder , 295–298   
  Smooth-walled bladder, tracings 

interpretation , 326–327   
  Sphincters coordination, bladder emptying 

 abdominal pressure effect , 255  
 anti-incontinence surgery effect , 260  
 bashful baldder , 260–262  
 conscious voiding EMG activity , 

254–255  
 detrusor sphincter dyssynergia , 256–258  
 involuntary detrusor contraction , 253  
 male  vs  female , 259  
 micturition refl ex , 251–252  
 normal voiding pattern , 252  
 obstructive void pattern , 258–260  
 open bladder neck , 254–255  
 pathologies effect , 259  
 pelvic fl oor dysfunction effect , 262  
 primary bladder neck obstruction , 

258–262  
 in transverse myelitis female , 256  
 urethral obstruction , 253–255  
 valsalva and during detrusor contraction , 

256–257   
  Spinal cord disorders , 108–109   
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  Spinal cord injury (SCI) 
 elevated detrusor leak point pressure, 

tracings interpretation , 321–322  
 physician coding and reimbursement , 51   

  Straining urofl ow pattern , 6   
  Stress urinary incontinence (SUI) 

 application , 19  
 AUA/SUFU guidelines , 19  
 cystometry , 12–13  
 multichannel urodynamics (UDS) , 56  
 tracings interpretation , 324–325   

  Super voider , 238–239   
  Surgically implanted hardware , 99   
  Syncope , 101    

  T 
  Terminal detrusor overactivity (TDO) , 

203–205   
  Timed voiding, tracings interpretation , 

320–321   
  Training courses , 40–41   
  Transducers , 38–39    
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  UDS system, ICS recommendations 

 clinical necessity , 38  
 components required , 36  
 fl uoroscopic unit and compatible 

chair , 39  
 manufacturers and specifi cations , 37  
 physical space requirement , 38  
 technical specifi cations , 36–37   

  Urethral pressure profi lometry (UPP) 
 defi nition of , 15  
 parameters obtained , 15  
 principle , 15   

  Urgency urinary incontinence (UUI) 
 AUA/SUFU guideline , 20  
 multichannel urodynamics , 56   

  Urge suppression techniques , 95–97   

  Urinary incontinence, detrusor overactivity , 
323–324   

  Urinary tract infection (UTI) , 162   
  Urofl owmetry 

 advantages , 6  
 artifact recognition and solutions , 86–88  
 data points, non-invasive , 5–6  
 patterns of , 6  
 purpose , 5  
 transducers , 6–7  
 voiding phase dysfunction , 7   

  Uterine mass, incontinence , 222–224    

  V 
  Valsalva voiding, tracings interpretation , 328  

 bladder outlet obstruction, emptying , 
311–313  

 defi nition , 242  
 in female patient , 243–244  
 occurrence , 242  
 post-prostatectomized male , 242–243   

  Videourodynamics (VUDS) 
 Hinman’s syndrome , 121–123  
 incontinence with PUV , 120–121  
 neurogenic incontinence , 117–120  
 pediatric renal transplants , 123  
 principle and technique , 16   

  Voiding diary (frequency-volume charts) , 
65–66   

  Voiding dysfunction, AUA/SUFU guideline , 
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  Voiding pressure-fl ow study 
 advantages , 14  
 application of , 14–15  
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