Appendix

Differential Diagnosis and Pattern Recognition: Causes
of Commonly Encountered Patterns on PFUD Tracings
Multichannel pressure flow urodynamic tracings may have an infinite number of
different patterns encountered between the various recording channels. What follows 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.11):
–
–
–
–
–

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
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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 filling
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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Fig. A.6 Gradual decrease in Pves with gradual decrease in Pdet

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
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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
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Fig. A.11 Phasic “increases” in Pdet without a rise in Pves

Phasic “increases” in Pdet without a rise in Pves (Fig. A.11)
– Artifact only
multiple consecutive rectal contractions

Index

A
Abdominal leak point pressure (ALPP)
continence and incontinence, 210–211
contractions, involuntary, 202–203
definition, 12–13
Abdominal pressure (Pabd), 77–78
Abnormal detrusor contractility, 238–239
Acontractile detrusor, tracings interpretation
definition, 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
definition, 75
EMG activity, 83–84
infusion pump errors, 88–89
infusion rate, 79
Pabd/Pves drift, 81–82
psychogenic inhibition, 84–86
signal mismatch, 79–81
uroflowmetry, waggling or cruising, 86–88
Autonomic dysreflexia (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
definition, 289
diabetes and detrusor under activity,
298–300
fluoroscopy, retrograde and antegrade, 290
limitation, non-invasive diagnostics, 290
morbidity rate, 291
outlet obstruction patient, 292–295
palpated sling effect, 305–308
patient classification, ICS, 290
post-prostatectomy bladder neck
contracture, 304–305
post sling obstruction, 308–310
power flow study, 290–292
quality control techniques, 291
small capacity bladder patient,
295–298
valsalva voider, 311–313
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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 filling and storage
anatomic considerations, 165–169
bladder diary, 156
bladder diverticula, 165, 167
bladder pain syndrome, 162
children vs. adults, 156
cystometry, 157–158
definition, 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 reflux, 168–169
videourodynamic assessment, 160
Catheter artifacts
EMG activity, 78
filling rate, 78
optimization methods, 98–99
Pabd, 77–78
Pdet, 78
purposes of, 76
Pves, 77
repositioning artifact, tracings
interpretation, 324–326
signal mismatch, 79–81
uroflowmetry 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 modifier, 52
ICD-9-CM, 46–47
ICD-10-CM, 44
modifiers, 47–48
primary vs subsequent procedure, 52
relative value units, 44–46
statistics, diagnostic expenses, 43
step-by-step coding procedure, 48–49

Index
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
definition, 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 deficiency, 275–278
post-prostatectomy incontinence, 275–278
small-bladder capacity, 281–286
spinal cord injury, 281–286
terminology, 263–264
Compliance, bladder filling and storage
abnormal pressure range, 173
bladder diverticuli, 176–177
calculation, 171–172
cervical cancer patient, 178–179
classic bladder outlet obstruction, 182
definition, 171
detrusor external sphincter dyssynergia, 183
detrusor overactivity, 174
ICS standard points, 171
neurogenic bladder, 174–176
phasic detrusor contractions, 180–182
spina bifida 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
Pabd 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

Index
Continuous flow curve, SUI tracings
interpretation, 332–333
Contractility, bladder emptying. See also
Contractions (involuntary), bladder
filling and storageabnormal detrusor
contractility, 238–239
acontractile detrusor, 227, 235–237
bladder contractility index, 228
definition of, 227
Fowler’s syndrome, 245–246
hyperactive detrusor, 239–242
isovolumetric techniques, 228–229
measurement method, 228–229
normal detrusor function, 227
pelvic floor dysfunction, 244–245
underactive detrusor, 227, 229–234
valsalva voiding, 242–244
voiding dysfunction, 244–245
Watts factor (WF), 228
Contractions (involuntary), bladder filling
and storage. See also Contractility,
bladder emptying abdominal leak point
pressure, 202–203
definition of, urgency (urinary), 197–198
detrusor after-contractions, 205–206
detrusor leak point pressure, 202–203
filling 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 filling 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
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Cystometrogram (CMG). See Cystometry
Cystometry
4 C’s, bladder emptying, 30–32
5 C’s, filling and storage, 28–30
detrusor overactivity (DO), 10–11
fluoroscopic image, 17
gas, 10
impaired compliance, bladder, 10–12
liquid, 10
measures of sensation, bladder filling, 13
principle, 10
provocative maneuvers, 12–13

D
Detrusor after-contractions (DAC),
205–206
Detrusor-external sphincter dyssynergia
(DESD)
complete bladder emptying,
281–286
definition, 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
definition of, 229
radical prostatectomy effect, 233
reduced outlet resistance, 231–232
sphincteric deficiency, 234
treatments, 235
urethral relaxation, 230–231
Diabetes, detrusor under activity, 298–30300
Diabetic cystopathy , sensation, 191
Doppler, color flow, 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 classification of diseases-9th
revision-clinical modification codes
(ICD-9-CM), 46–47
Interstitial cystitis, 189–190
Intrinsic sphincter deficiency (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
Modifiers, physician bill
definition, 47
types, 48

Index
Multichannel urodynamics (UDS)
abdominal examination, 63
antibiotic prophylaxis, 68–69
AUA guideline, 56
counseling, patient, 59
definition, 55
drug history, 62
filling the bladder, 69–70
fluid vs gas medium, bladder filling, 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 floor 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 influence, 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 dysreflexia (AD), 132–134
continence tracing evaluation, 213–215
degree of symptomatology, 130
detrusor overactivity, 131
electromyelography, 136

Index
fluoroscopy, 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 uroflow 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
filling cystometry, 142–145
post-void residual (PVR) volumes, 147
sphincters coordination, 148–153

O
Obstructive uroflow 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
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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
filling and storage component,
111–112
fluoroscopy 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 floor 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

348
Post-void residual (PVR) evaluation
advantages, 4–5
AUA guidelines, 64
catheterization, 64
definition, 64
elevated PVR, 5
and incontinence, 65
normal PVR, 65Post-void residual (PVR)
evaluation (cont.)normal PVR, 65
Practice elements, 4
Pressure-flow urodynamics
4 "C’s, 30–32
9 "C’s, 28
5 "C’s, bladder emptying, 28–30
5 "C’s, filling 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 floor 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

Index
transducers, 38–39
UDS system, ICS recommendations,
36–38
Sensation, bladder filling and storage
altered sensation conditions, 188–192
bladder pain syndrome, 189–190
definitions 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 reflex, 251–252
normal voiding pattern, 252
obstructive void pattern, 258–260
open bladder neck, 254–255
pathologies effect, 259
pelvic floor 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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Index
Spinal cord injury (SCI)
elevated detrusor leak point pressure,
tracings interpretation, 321–322
physician coding and reimbursement, 51
Straining uroflow 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

U
UDS system, ICS recommendations
clinical necessity, 38
components required, 36
fluoroscopic unit and compatible
chair, 39
manufacturers and specifications, 37
physical space requirement, 38
technical specifications, 36–37
Urethral pressure profilometry (UPP)
definition 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
Uroflowmetry
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
definition, 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,
21–22
Voiding pressure-flow study
advantages, 14
application of, 14–15
assessment parameters, 14
nomogram, men vs. women, 14–15
principle, 13

W
Watts factor (WF), 228

