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E-Book	Content	URODYNAMICS	MADE	EASY	4th	Edition	CHAPTER	1	Clinical	evaluation	of	the	lower	urinary	tract	INTRODUCTION	The	bladder	and	the	urethra	comprise	the	lower	urinary	tract	and	act	as	a	single	(vesicourethral)	unit	during	normal	lower	urinary	tract	function.	The	volume	at	which	detrusor	overactivity	commenced,	the	rise	in
amplitude	and	duration,	the	leakage	on	the	uroflowmeter,	an	urgency	marker	and	a	subsequent	quality	control	cough	are	all	shown.	The	free	flow	void	is	more	physiological.	If	voiding	is	delayed,	the	patient	will	frequently	be	incontinent	(Fig.	It’s	basically	testing	how	the	bladder	and	urethra	are	doing	their	job	in	terms	of	storing	and	releasing	urine.
150	CHAPTER	7	Sensory	disorders	INTRODUCTION	Urodynamic	investigations	were	originally	developed	to	study	the	‘motor’	function	of	the	lower	urinary	tract.	ALPP	40	cm	H2O:	suggests	upper	tract	deterioration	likely.	They	are	therefore	usually	done	towards	the	end	of	filling	when	the	patient	has	reached	or	is	nearly	at	his	or	her	maximum
cystometric	capacity.	In	addition,	many	patients	only	demonstrate	stress	urinary	incontinence	when	standing.	Clearly,	however,	a	careful	history	with	emphasis	on	allocating	symptoms	to	the	appropriate	stage	of	the	bladder	cycle	is	an	important	starting	point.	The	official	terminology	suggested	by	the	standardization	committee	of	the	ICS	in	2002	is
used	throughout	this	book.	The	methods	of	performing	ALPP	and	DLPP	unfortunately	are	not	standardized,	and	it	is	therefore	difficult	to	compare	results	between	centres	and	assess	the	clinical	relevance	of	the	findings.	5.12).	The	results	for	patients	who	are	unable	to	complete	the	test	may	require	separate	analysis,	or	the	test	may	be	repeated	after
rehydration.	68)	on	ensuring	that	the	initial	resting	values	are	feasible,	and	troubleshoot	as	suggested.	Common	artefacts	are	shown	in	Fig.	This	pattern	of	dysfunctional	voiding	is	known	as	Hinman’s	syndrome	and	was	previously	termed	nonneuropathic	neuropathic	bladder.	Uroflowmetry	with	simultaneous	EMG	is	frequently	performed	in	children
and	may	help	differentiate	DSD	from	abdominal	straining	during	voiding.	Urodynamics	in	bladder	contracture	Pressure/flow	cystometry	–	Bladder	contracture	is	best	assessed	with	video	urodynamics.	In	general,	the	term	urodynamics	has	become	synonymous	with	pressure/	flow	studies,	with	most	clinicians	referring	to	either	cystometry	or	video
cystometry	when	they	use	this	term.	Nocturia:	the	complaint	that	the	patient	has	to	wake	at	night	one	or	more	times	to	void	(each	void	preceded	by	and	followed	by	sleep).	In	many	cases	there	are	no	sensations	felt	throughout	filling.	Other	abnormalities	such	as	ureteric	reflux	on	voiding	and	urethral	diverticula	may	also	be	discovered.	2.4)	and
hypermobility	of	the	bladder	neck	and	is	an	important	cause	of	stress	urinary	incontinence	(see	Chapter	5).	A	UTI	may	aggravate	preexisting	LUTS.	If	there	was	an	abnormality	it	would	probably	look	like	this	You	may	argue	that	this	is	nothing	but	a	drawing	by	my	toddler.	20	3	Urodynamic	procedures	Maintaining	the	quality	of	any	study	also	requires
that	all	equipment	is	appropriately	set	up	and	regularly	calibrated	by	an	investigator	with	sufficient	working	knowledge	to	‘troubleshoot’	any	problems	encountered	during	an	investigation.	The	distal	sphincteric	mechanism	is	also	extremely	important,	as	evidenced	by	its	ability	to	maintain	continence	even	when	the	proximal	bladder	neck	mechanism
has	been	rendered	totally	incompetent	by	surgical	bladder	neck	incision	or	a	prostatectomy.	In	some	instances	there	may	be	fibrosis	around	the	bladder	neck,	thereby	preventing	adequate	closure	during	filling	and	leading	to	incontinence.	It	is	incorrect	to	blindly	assume	that	the	electronically	reported	Qmax	is	accurate.	73	Urodynamics	Made	Easy
Communication	Communication	with	the	patient	is	often	overlooked,	yet	it	is	integral	to	the	success	of	the	investigation.	URODYNAMICS	IN	PRACTICE:	FLOW	DELAY	•	••	•	•	••	•	The	flow	delay	is	the	time	delay	between	a	change	in	bladder	pressure	and	the	corresponding	change	in	measured	flow	rate.	Functional	disorders	Functional	disorders
often	resolve	spontaneously,	and	usually	urodynamic	studies	add	little	to	the	diagnosis	and	treatment	of	these	children	and	should	be	reserved	for	select	cases.	93	Urodynamics	Made	Easy	Intraabdominal	activity	will	cause	both	the	intraabdominal	and	the	intravesical	pressures	to	rise	synchronously.	The	volume	at	which	DO	occurs	and	the	rise	in
amplitude	should	be	documented	as	described	in	Chapter	4,	as	should	any	associated	leakage.	Patients	may	influence	the	test	result	by	voiding	prior	to	removing	and	weighing	the	pad.	Perform	leak	point	pressure	measurements	if	desired.	suprasacral	spinal	cord	4.	INTRAVENOUS	URODYNAMOGRAM	The	intravenous	urodynamogram	(IVUD)
combines	a	conventional	intravenous	urogram	(IVU)	with	uroflowmetry,	thus	providing	markedly	more	information	than	either	investigation	alone.	Document	Source:	Dear	reader,	Urodynamics	is	often	a	less	understood	chapter	for	many	gynecologists	but	it	shouldn’t	be	because	it’s	very	simple.	Uroflowmetry	–	Uroflowmetry	is	not	a	particularly
useful	test	in	this	condition,	although	it	may	be	beneficial	to	exclude	those	with	voiding	dysfunction	as	a	cause	of	their	storage	symptoms,	such	as	men	with	mixed	lower	Detrusor	overactivity	↓	Volume	at	sensations	↓	Compliance	↓	MCC	↑	Flow	rate	Trabeculation	Incontinence	VUR	Diverticula	Rapid	emptying	Fig.	Epidemiology	of	stress	urinary
incontinence	in	women.	The	test	also	gives	a	quantification	of	the	degree	of	incontinence,	as	patients	are	usually	inaccurate	when	asked	to	quantify	the	leakage.	URODYNAMICS	IN	PRACTICE:	ULTRASOUND	CYSTODYNAMOGRAM	•	•	••	•	The	full	bladder	(>200	mL)	is	scanned	using	any	form	of	ultrasound	probe	allowing	adequate	visualization	of
the	bladder	–	patients	should	be	scanned	when	they	feel	‘full’,	thus	providing	an	idea	of	the	‘functional’	bladder	capacity.	Overactive	bladder	(OAB)	syndrome	affects	approximately	12%	of	adult	males	and	females	in	the	population,	and	the	prevalence	increases	with	age,	whilst	urinary	incontinence	affects	millions	of	individuals	worldwide,	85%	of
whom	are	women.	The	peripheral	innervation	of	the	lower	urinary	tract	is	principally	from	three	groups	of	nerves	(Fig.	How	to	tackle	MRCOG	questions	?	In	severe	cases	the	upper	tracts	may	act	as	a	‘reservoir’	for	urine	(with	gross	hydronephrosis)	and	may	hold	far	more	urine	than	the	bladder.	4.14	Detrusor	overactivity.	2.1):	1.	The	patient	walks	for
30	minutes,	including	stair	climbing	equivalent	to	one	flight	up	and	down.	N/A,	Not	applicable.	Bladder	sensation	can	be	assessed	using	stimulating	electrodes	introduced	through	the	urethra,	but	such	techniques	are	used	for	research	purposes	rather	than	routine	assessment.	Age	and	sex	–	these	may	alter	the	flow	rates.	(a)	Repetitive	phasic	detrusor
contractions	with	a	crescendo	and	stepping	pattern	as	the	bladder	volume	increases.	Ensuring	that	the	resting	values	are	feasible	Please	see	the	‘Resting	pressures’	section	presented	earlier	in	this	chapter	(p.	This	urine	empties	into	the	kidney’s	collecting	systems,	which	drain	via	the	ureters.	It	was	previously	termed	detrusor	instability	or	detrusor
hyperreflexia	(when	associated	with	known	neurological	disease).	These	studies	test	the	integrity	of	nerve	pathways,	demonstrating	prolonged	latencies	when	there	is	injury	to	the	nerve	with	associated	demyelination.	Underactive	bladder	often	results	in	a	PVR	volume	remaining	in	the	bladder	on	the	completion	of	voiding.	Urinary	urgency	is
commonly	associated	with	DO.	Bladder	filling	sensation	will	also	be	lost	in	a	complete	SCI.	1988;7:403–426.)	31	Urodynamics	Made	Easy	A	+	B	+	C	+	D	+	E	=	Flow	time	Flow	rate	(Q)	(mL/s)	A	B	C	D	E	Time	(s)	Voiding	time	Fig.	The	terms	strangury,	bladder	spasm	and	dysuria	are	difficult	to	define	and	of	uncertain	meaning,	and	they	should	not	be
used	unless	a	precise	meaning	is	stated.	Intermittent	flow	–	This	irregular	spiking	pattern	is	frequently	due	to	abdominal	straining	to	overcome	the	poor	flow	associated	with	BOO	or	a	poorly	contractile	detrusor,	although	more	complex	outlet	conditions	such	as	sporadic	sphincter	activity	may	also	cause	an	intermittent	pattern	(Fig.	It	is	not	↓	Voiding
pressure	↓	Flow	rate	intermittent	Large	residual	100	Pabd	(cm	H2O)	0	100	Pves	(cm	H2O)	0	100	Pdet	(cm	H2O)	0	100	Flow	rate	Q	(mL/s)	0	0	120	240	360	480	Time	(s)	Fig.	11	Urodynamics	Made	Easy	Urinary	continence	is	usually	reliant	on	the	integrity	of	the	urethral	sphincteric	mechanism,	which	like	the	male	distal	mechanism	is	composed	of	a
longitudinal	intrinsic	urethral	smooth	muscle	and	a	larger	extrinsic	striated	muscle	component.	In	all	other	cases,	urodynamic	testing	should	be	performed	to	confirm	the	diagnosis,	rule	out	other	causes	for	the	incontinence	such	as	urgency	incontinence	or	cough-provoked	incontinence	and	assess	for	possible	postoperative	complications.	Continued
155	Urodynamics	Made	Easy	••	•	Urethral	pressure	is	high	at	rest	and	during	voiding.	Surface	patch	electrodes	are	used	in	most	cases,	but	fine	needle	electrodes	placed	directly	into	the	periurethral	striated	sphincter	are	recommended	to	diagnose	neuropathy;	however,	this	is	not	normally	feasible	in	children.	No	urodynamic	findings	should	be
considered	in	isolation,	as	this	will	invariably	lead	to	an	incorrect	interpretation	of	the	results.	109	Urodynamics	Made	Easy	Urodynamics	in	overactive	bladder	and	urgency	incontinence	Voiding	diaries	–	These	should	be	used	during	the	initial	evaluation	and	subsequent	monitoring	to	give	an	estimate	of	the	frequency	and	voided	volumes,	including
response	to	treatment.	If	stress	incontinence	is	diagnosed	and	-If	urethral	pressure	less	than	25	mm	of	H2O	–	it’s	instrinsic	sphincter	defect	-If	urethral	pressure	more	than	25	mm	of	H2O-	it’s	hypermobility	Normal	values	Bladder	capacity	:	400	–	600	ml	First	sensation	:	150-250	ml	Detrussor	pressure	(	filling)	:	<	15	cm	of	H2O	Detrussor	pressure
(voiding)	:	15	ml/sec	Flow	time	:	15-30	sec	Q-max	:	25	ml/sec	Residual	volume	:	15	mL/s)	occurs	in	approximately	7–15%	of	patients	with	BOO.	3.8)	Urethral	pressure:	the	fluid	pressure	needed	to	just	open	a	closed	urethra	Urethral	pressure	profile:	a	graph	indicating	the	intraluminal	pressure	along	the	length	of	the	urethra	Urethral	closure	pressure
profile:	derived	by	the	subtraction	of	intravesical	pressure	from	urethral	pressure	Maximum	urethral	pressure:	the	maximum	pressure	of	the	measured	profile	Maximum	urethral	closure	pressure	(MUCP):	the	maximum	difference	between	the	urethral	pressure	and	the	intravesical	pressure.	It	should	also	answer	the	clinical	questions	that	led	to	the
test	being	performed,	and	the	activity	of	both	the	bladder	and	urethra,	where	appropriate,	during	both	the	storage	and	the	voiding	phases	should	be	stated.	Once	voiding	is	initiated,	secondary	reflexes	in	the	urethra,	which	are	activated	by	urine	flow,	further	facilitate	bladder	emptying.	When	the	patient	feels	that	his	or	her	bladder	is	naturally	full	(an
event	that	can	be	hastened	by	using	a	suitable	diuretic),	uroflowmetry	is	performed.	Evaluation	of	bladder	hypersensitivity	Patients	with	bladder	hypersensitivity	frequently	complain	of	storage	symptoms	and	also	suprapubic	pain	in	association	with	bladder	filling.	••	••	•	An	experienced	clinician	with	an	understanding	of	urodynamic	techniques
should	carry	out	the	urodynamic	study	and	should	interpret	the	study	in	the	context	of	the	patient’s	symptoms.	Record	the	maximum	cystometric	capacity.	However,	urodynamic	studies	are	important	investigations	in	the	evaluation	and	treatment	of	children	with	neurogenic	bladder	dysfunction,	commonly	due	to	spinal	abnormalities.	Simple	words
may	make	or	break	your	results	.	106	5	Storage	disorders	and	incontinence	OAB	syndrome:	a	symptomatic	sequence	With	static	intake,	urgency	episodes	reduce	the	intervoid	interval	and	result	in	the	other	symptoms	of	OAB	Urgency	Nocturia	Reduced	intervoid	interval	1/3	Incontinence	of	patients	(increased	frequency)	Reduced	volume
voided/micturation	Fig.	Answer	specific	clinical	questions.	During	DSD,	continued	EMG	activity	in	the	external	sphincter	will	occur,	whilst	in	pseudodyssynergia	the	EMG	activity	should	become	silent.	Urodynamic	parameters	measured	by	urethral	pressure	profilometry	TERMINOLOGY:	URETHRAL	PRESSURE	PROFILES	(Fig.	••	••	Treatment
strategies	for	the	overactive	sphincter	are	to	ensure	adequate	drainage;	these	include:	clean	intermittent	self-catheterization	botulinum	toxin	therapy	to	the	sphincter	neuromodulation	sphincterotomy.	Increased	nocturnal	production	of	urine	(nocturnal	polyuria)	–	suggestive	of	cardiac	failure,	dependent	fluid	shifts	in	the	supine	position,	hormonal
fluid	balance	abnormality	or	idiopathic	in	origin.	Voiding	may	also	be	affected;	fibrosis	of	the	detrusor	will	lead	to	inefficient	contractions	and	detrusor	underactivity	(see	Chapter	6).	(Reproduced	with	permission	from	WHO	4th	International	Consultation	on	Benign	Prostatic	Hyperplasia.)	97	Urodynamics	Made	Easy	AMBULATORY	URODYNAMICS
Introduction	Conventional	pressure/flow	cystometry	has	several	shortcomings,	including:	a	‘nonphysiologically’	high	filling	rate	a	short	period	of	assessment	being	performed	in	a	stationary	position	usually	being	performed	in	an	unfamiliar	environment	for	the	patient.	Available	treatment	choices	include:	Fluid	intake	advice	Pelvic	floor	muscle	training
Devices:	❍	pads	❍	adult	nappies/diapers	❍	cones	❍	urethral	plugs	❍	electrical	stimulation.	Filling	is	usually	limited	by:	a	sensation	of	bladder	fullness	or	even	pain	urinary	incontinence	secondary	to	DO	or	poor	detrusor	compliance	uncontrollable	spontaneous	voiding.	In	these	instances,	the	measured	maximum	cystometric	capacity	(MCC)	and
bladder	compliance	may	be	falsely	lowered	by	removal	of	the	initial	residual.	In	particular,	the	role	of	the	suburothelial	layer	in	the	processing	of	mechanosensitive	afferents	during	stretch,	which	involves	a	variety	of	neurotransmitters,	is	currently	the	focus	of	much	research.	They	permit	a	more	precise	recording	of	EMG	activity	and	analysis	of
individual	MUAPs	than	surface	electrodes.	Although	you	may	find	this	difficult	at	first,	with	practice	it	will	get	easier.	Perform	the	stop	test	if	desired.	(Adapted	from	epidemiological	studies	of	Reynolds	WS,	Dmochowski	RR,	Penson	DF.	INDICATIONS	FOR	URODYNAMICS	••	•	••	Indications	for	urodynamic	investigations	in	children	include:
suspected	neurogenic	dysfunction	such	as	DSD	voiding	dysfunction	associated	with	significant	bladder	hypertrophy,	vesicoureteric	reflux	or	upper	urinary	tract	damage	daytime	incontinence	that	is	troublesome	for	the	child,	refractory	to	conservative	therapy	and	not	typical	of	common	functional	voiding	disorders	symptomatic	patients	suspected	of
having	occult	neuropathy	persistent	NE	and	recurrent	urinary	tract	infections	in	some	children	(rare).	Adjust	the	reference	height	with	each	change	of	patient	position.	(Note:	An	anatomical	capacity	measured	under	general	anaesthesia	will	confirm	the	presence	of	a	reduced	bladder	capacity	due	to	anatomical	reasons	such	as	fibrosis	or	a	contracted
bladder.	Genital	and	lower	urinary	tract	pain:	pain,	discomfort	and	pressure	may	be	related	to	bladder	filling	or	voiding,	or	may	be	felt	after	micturition	or	even	be	continuous.	Although	defined	as	being	measured	in	the	absence	of	a	detrusor	contraction,	many	urodynamicists	perform	the	DLPP	during	an	IDC.	96	4	Pressure/flow	cystometry	Sudden
changes	of	pressure	Sudden	large	changes	of	pressure	suggest	that	either	the	vesical	or	rectal	catheters	have	moved.	••	POSTVOID	RESIDUAL	DETERMINATION	Uroflowmetry	is	frequently	combined	with	simple	PVR	estimation	using	a	handheld	ultrasonic	‘bladder	scanner’	to	estimate	the	completeness	of	bladder	emptying.	After	each	attempt	at
remedying	the	problem,	ask	the	patient	to	cough	to	determine	if	the	subtraction	has	improved.	However,	underactive	cystoplasties	can	be	associated	with	a	large	PVR,	which	in	turn	can	lead	to	recurrent	urinary	tract	infections.	To	correct	for	the	delay	the	flow	rate	trace	should	be	moved	to	the	left	by	an	amount	equal	to	the	flow	delay.	Record
episodes	of	detrusor	overactivity,	including	the	volume	at	which	they	occur,	maximum	rise	in	pressure	and	any	associated	urgency/	leakage.	This	receptive	relaxation	property	is	called	the	compliance	of	the	bladder.	A	high	detrusor	pressure	and	high	DLPP	may	be	dangerous	to	the	upper	urinary	tract.	Normal	values	Males	younger	than	40	years
generally	have	maximum	flow	rates	greater	than	25	mL/s.	The	terms	Valsalva	leak	point	pressure	(VLPP)	and	cough	leak	point	pressure	(CLPP)	are	sometimes	used	to	describe	the	methods	of	increasing	the	intraabdominal	pressure.	It	would	something	like	this	.	Involuntary	contraction	of	the	detrusor	muscle	during	filling	phase	Bladder	pressure
greater	than	urethral	pressure	Leakage	into	urethra	Urethra	relaxes	and	incontinence	occurs	Fig.	Voiding	parameters	should	be	more	physiological	during	AUM,	as	less	overfilling	of	the	bladder	should	occur	and	the	results	during	voiding	should	be	more	representative,	despite	a	catheter	being	in	situ	during	voiding.	The	procedure	for	performing	an
AUM	assessment	is	not	standardized,	and	therefore	it	is	important	that	the	method	used	is	stated.	The	International	Continence	Society	nomenclature	is	shown.	4.17)	and	include:	Pre-micturition	pressure	–	the	pressure	recorded	immediately	before	the	initial	isovolumetric	contraction.	Some	patients	improve	emptying	during	urodynamics	by
abdominal	straining,	suprapubic	compression	or	triggering	reflex	detrusor	contractions	by	perineal	or	abdominal	tapping.	However,	if	the	intraabdominal	pressure	is	a	mirror	image	of	the	detrusor	trace,	then	rectal	contractions	are	occurring.	In	addition,	a	standardized	technique	and	accurate	recording	of	the	data	using	recognized	terminology	allow
the	accurate	exchange	and	comparison	of	information	for	both	clinical	and	experimental	purposes.	79	Urodynamics	Made	Easy	Urethral	function	during	the	storage	phase	During	storage	the	urethral	closure	mechanism	should	be	fully	active	and	competent,	thereby	preventing	incontinence	(it	cannot	be	overactive).	The	subsequent	post-micturition
film	after	natural	micturition	allows	accurate	assessment	of	the	patient’s	true	bladder	residual	volume.	Recording	volume	and	time	of	each	void,	fluid	intake,	pad	usage	and	incontinence	episodes	(W).	Reduced	bladder	sensation:	individual	is	aware	of	bladder	filling	but	does	not	feel	a	definite	desire	to	void.	Catheter-mounted	(microtip)	transducers	••
•	••	•	These	eliminate	errors	associated	with	the	use	of	fluid	(leaks	and	air	bubbles)	but	introduce	artefacts	related	to	the	orientation	of	the	catheter-mounted	transducers	on	the	catheter.	All	patients	for	whom	such	a	procedure	is	planned	should	undergo	careful	urodynamic	evaluation	before	the	operation	to	establish	a	baseline	for	detrusor	and
bladder	outlet	function,	to	predict	postprocedure	complications	and	to	exclude	any	other	causes	for	the	lower	urinary	tract	symptoms.	More	than	99%	of	the	time,	the	lower	urinary	tract	will	be	in	the	storage	phase,	whilst	less	than	1%	of	time	is	spent	voiding.	This	testing	should	be	performed	prior	to	pressure/flow	cystometry	to	provide	a
representative	indication	of	the	voiding	pattern	that	is	likely	to	be	encountered	during	invasive	cystometry.	•	••	••	Motor	(efferent)	control	••	The	storage	phase	is	predominantly	under	sympathetic	control.	There	are	several	reasons	why	this	statement	accurately	reflects	the	situation.	Damage	to	the	sphincter	or	its	innervation	(particularly	the
pudendal	nerve)	by	obstetric	trauma	reduces	the	effectiveness	of	this	mechanism	and	predisposes	to	stress	urinary	incontinence.	Developments	in	Bluetooth/wireless	technology	allow	real-time	monitoring	of	the	pressures	via	a	personal	computer	(PC).	Several	techniques	have	been	developed	which	do	not	always	yield	consistent	values.	Completion	of
a	pressure/flow	study	On	completion	of	the	voiding	phase	the	patient	should	perform	a	further	cough	to	assess	the	subtraction	quality	before	the	recording	is	terminated.	Characterize	the	bladder	and	urethral	function	during	the	voiding	phase.	6.9).	It	is	particularly	valuable	because	it	can	be	easily	integrated	into	the	routine	of	the	radiology
department	and	involves	little	additional	equipment	or	staff	training.	If	the	patient	is	positioned	over	a	flowmeter,	then	the	leakage	may	be	detected	on	the	flow	trace.	Just	measure	P-det.	A	poor-quality	100	4	Pressure/flow	cystometry	trace	may	not	be	suitable	for	quantitative	analysis,	although	it	may	still	yield	some	clinically	useful	information.	The
diagnosis	of	a	‘hypersensitive	bladder’	is	one	of	exclusion	and	relies	on	the	exclusion	of	other	intravesical	pathologies,	including	malignancy.	The	funnel/collecting	device	will	invariably	cause	such	modifications.	••	••	•	Investigations	of	bladder	oversensitivity	are	often	complex	with	the	requirement	to	exclude	several	pathologies.	When	more
information	on	bladder	anatomy	and	function	is	needed,	an	ultrasound	cystodynamogram	(USCD)	can	be	obtained	(see	the	next	section).	Fast	bladder	–	This	is	an	exaggeration	of	the	normal	curve	and	may	be	due	to	a	raised	end	fill	bladder	pressure	associated	with	detrusor	overactivity	or	may	be	due	to	a	significant	decrease	in	outflow	resistance,	as
can	occur	with	stress	urinary	incontinence	(Fig.	URODYNAMICS	IN	PRACTICE:	THE	CONTRACTED	BLADDER	••	••	••	Frequent	urodynamic	findings	include:	reduction	in	first	sensation	volume	reduction	in	first	desire	and	strong	desire	volume	reduced	cystometric	capacity	reduced	bladder	compliance	incontinence	vesicoureteric	reflux	and
hydronephrosis	Continued	161	Urodynamics	Made	Easy	••	••	detrusor	underactivity	with	inefficient	voiding	(low-pressure,	low-flow	voiding)	raised	postvoid	residual	compensatory	abdominal	straining	during	voiding	small,	‘spherical’	bladder	on	screening.	154	7	•	Sensory	disorders	Surgery	(if	symptoms	are	intractable	and	debilitating):	❍	cystectomy
❍	enterocystoplasty.	At	the	start	of	filling:	Pdet	usually	is	zero,	and	volume	(V)	is	usually	zero.	Our	understanding	of	the	mechanisms	involved	is	evolving	with	the	continuing	research	into	the	mechanisms	underpinning	lower	urinary	tract	function.	Pattern	of	dysfunction	–	Neurogenic	detrusor	overactivity	(NDO)	commonly	occurs	due	to	reduced
cortical	inhibitory	control	of	the	micturition	165	Urodynamics	Made	Easy	reflex.	Experts	who	routinely	perform	pad	testing	do	so	for	several	reasons:	❍	Severe	patients	with	high	volume	incontinence	may	experience	lower	cure	rates	with	antiincontinence	procedures.	This	is	not	necessarily	a	result	of	a	urological	condition.	Reliance	should	be	placed
on	the	observed	flow	pattern	as	well	as	on	any	absolute	values	obtained	(Figs	3.2	and	3.3).	1	Vol.	4.19).	The	end	filling	pressure	should	be	interpreted	from	the	intravesical	pressure	line	in	this	case.	On	termination	of	the	increased	intraabdominal	pressure,	the	bladder	neck	quickly	‘springs	back’	to	its	original	position,	terminating	leakage.	Diet	and
fluid	intake	manipulation.	3.7).	Identify	whether	medications	which	could	influence	the	study	findings	have	been	discontinued.	Abdominal	leak	point	pressure	(ALPP)	–	This	is	the	intravesical	pressure	at	which	urine	leakage	occurs	due	to	increased	abdominal	pressure	in	the	absence	of	a	detrusor	contraction.	VOIDING	DIARIES	Voiding	diaries	are	the
simplest	of	all	urodynamic	assessments,	yet	their	value	is	often	overlooked.	These	pathways:	coordinate	the	activities	of	the	bladder	and	the	urethral/sphincter	mechanisms	control	receptive	relaxation	of	the	bladder	(compliance)	sense	bladder	fullness	maintain	continence	with	increasing	fullness	of	the	bladder	initiate	voluntary	voiding.	These	two
catheters	give	us	the	following	measurements	1)	intraabdominal	pressure,	(2)	vesicular	pressure,	(3)	calculated	detrusor	pressure,	(4)	bladder	volume,	and	(5)	saline-infusion	flow	rate.	HYPOSENSITIVE	BLADDER	Reduced	bladder	sensation	–	This	is	defined,	during	filling	cystometry,	as	diminished	sensation	throughout	bladder	filling.	It	is	an
excellent	screening	tool	for	BOO,	particularly	when	combined	with	measurement	of	residual	urine	volume,	and	is	frequently	the	firstline	screening	investigation	for	most	patients	with	suspected	voiding	dysfunction.	Normal	values	During	voiding	the	patient’s	bladder	should	empty	completely	with	a	maximum	detrusor	pressure	of	25	to	50	cm	H2O.
Girls	may	display	the	Vincent’s	curtsy	sign,	where	the	heel	is	pressed	into	the	perineum	to	prevent	incontinence	secondary	to	detrusor	contractions.	Not	only	do	the	values	differ	with	the	method	of	measurement,	but	there	is	often	lack	of	consistency	within	a	single	technique.	Any	events	need	to	be	recorded	on	the	trace.	Parasympathetic	afferents	in
the	pelvic	nerve	will	communicate	this	activity	via	the	spinal	cord	to	the	periaqueductal	gray	(PAG)	area	in	the	midbrain.	The	urethra	can	therefore	not	be	underactive	(incompetent)	during	voiding;	however,	it	may	be	overactive	due	to	failure	to	adequately	and	continuously	relax,	or	it	may	have	an	anatomical	obstruction	such	as	benign	prostatic
enlargement	or	urethral	stricture.	Testing	should	be	performed	prior	to	pressure/flow	cystometry	to	provide	a	representative	indication	of	the	voiding	pattern	that	is	likely	to	be	encountered	during	invasive	cystometry.	Video	urodynamic	screening	during	the	voiding	phase	Contrast	screening	during	the	voiding	phase	allows	the	bladder	outlet	and
urethra	to	be	assessed	and	is	particularly	useful	in	men	with	suspected	BOO.	Voiding	phase	14	The	bladder	actively	expels	urine	under	conscious	voluntary	control	–	detrusor	muscle	is	contracting.	37	Urodynamics	Made	Easy	•	•	predisposes	the	patient	to	recurrent	urinary	tract	infections	and	bladder	calculi	potential	risk	factor	for	acute	urinary
retention.	The	needle	most	commonly	is	placed	directly	into	the	periurethral	sphincter.	As	with	adult	pressure/flow	studies,	cystometry	provides	useful	information	about	bladder	capacity,	sensation,	compliance	and	detrusor/	urethral	function.	Management	is	also	often	difficult,	and	options	for	bladder	hypersensitivity	and	suspected	BPS/PBS/IC
include:	Cystoscopy	and	overdistension	(pressure	of	80–100	cm	H2O	for	5	min)	and	bladder	biopsies	of	any	abnormality	as	appropriate	–	this	procedure	is	both	investigative	and	in	some	cases	therapeutic.	Adults	are	filled	at	a	rate	of	approximately	10%	of	the	bladder	capacity	(i.e.	50	mL/min	for	a	500-mL	capacity	bladder).	(a)	Large	bladder
diverticulum.	These	indexes,	however,	do	not	consider	the	coexistence	of	BOO	and	DU,	and	therefore	several	mathematical	calculations	have	been	described,	including	the	Watts	factor,	but	these	are	not	usually	calculated	in	routine	practice,	and	future	work	should	be	directed	at	evaluating	this	further.	URODYNAMIC	INVESTIGATIONS	All
urodynamic	investigations	in	children	require	time,	patience	and,	above	all,	experienced	interpretation.	voiding	–	during	which	the	vesicourethral	unit	actively	expels	the	bladder	contents	3.	Intravesical	installations	may	be	helpful	in	some	patients:	❍	heparinoid	agents	(either	alone	or	in	combination	with	lidocaine	and	bicarbonate)	❍	steroids	❍
hyaluronic	acid	❍	chondroitin.	It	is	important	to	realize	that	neurogenic	patients	can	have	dangerously	high	detrusor	leak	point	pressures,	even	though	they	have	stress	urinary	incontinence	and	low	abdominal	leak	point	pressures	secondary	to	intrinsic	sphincter	deficiency	(see	Chapter	4).	URETHRAL	PRESSURE	MEASUREMENT	Originally,	urethral
pressure	measurement	and	particularly	urethral	pressure	profilometry	(UPP)	enjoyed	a	disproportionate	amount	of	attention.	Rectal	activity	During	rectal	contractions	the	pressure	in	the	intraabdominal	trace	will	rise	by	virtue	of	the	position	of	the	catheter	tip	in	the	rectum.	Evoked	responses	Evoked	responses	are	potential	changes	in	neural	tissue
resulting	from	distant	stimulation,	usually	electrical.	If	such	treatment	is	started	early	in	the	course	of	the	condition,	it	may	prevent	subsequent	impairment	of	detrusor	function.	The	significance	of	IDA	in	asymptomatic	patients	or	IDA	without	associated	urgency	in	symptomatic	patients	is	currently	unknown.	The	significance	of	this	finding	is
unknown,	and	it	has	been	suggested	that	it	may	be	associated	with	DO,	but	this	is	by	no	means	always	the	case	(Fig.	Administer	sublingual	nifedipine	10	mg	to	lower	the	blood	pressure	rapidly	if	this	remains	greater	than	150	mmHg	despite	the	preceding	steps.	Indications	and	aims	The	principal	aim	is	to	determine	the	amount	of	urine	leaked	during
a	specified	period	(e.g.	1	hour),	thus	quantifying	the	severity	of	incontinence	to	both	clinician	and	patient,	as	frequently	the	degree	of	incontinence	is	unclear	from	the	history.	But	it	will	NOT	measure	ISD	(intrinsic	sphincter	defect).	Symptoms	of	contracture	can	include:	daytime	frequency	and	nocturia	–	usually	the	predominant	complaint	urgency	–
often	present	stress	incontinence	–	often	present	bladder	pain	–	during	filling	if	there	is	active	inflammation	of	the	bladder.	Detrusor	sphincter	dyssynergia	–	This	occurs	when	there	is	a	detrusor	contraction	concurrent	with	an	involuntary	contraction	of	the	urethral	and/	or	periurethral	striated	muscle.	TC,	Transitional	cell	epithelium;	LP,	lamina
propria;	CT,	loose	connective	tissue;	DM,	detrusor	muscle;	Se,	serosa.	(e)	Urethral	diverticulum.	Following	this,	an	assessment	can	be	made	of	the	residual	volume	at	the	start	of	the	investigation.	Not	only	are	the	symptoms	troublesome,	but	they	are	extremely	embarrassing	and	can	have	profound	psychological,	social,	sexual	and	hygienic	impacts.
This	results	in	MUAPs	of	larger	amplitude	and	increased	complexity	(polyphasic)	and	duration.	The	normal	upper	limit	for	a	24-hour	test	is	8	g.	Assess	residual	urine	(and	calculate	the	initial	residual	if	necessary).	This	serves	to	protect	the	upper	tract	from	the	high	pressures	encountered	within	the	bladder	during	voiding	and	to	prevent	infection
entering	the	upper	tracts,	mechanisms	that	can	become	compromised	in	patients	with	a	neuropathic	bladder.	•	•	179	Urodynamics	Made	Easy	Nocturnal	enuresis	is	defined	as	the	involuntary	leakage	of	urine	that	occurs	during	sleep	and	in	children	is	considered	abnormal	after	the	age	of	5	years,	with	no	other	urinary	tract	dysfunction.	The	residual
volume	can	be	usefully	related	to	the	functional	bladder	capacity	estimated	from	a	frequency/volume	chart.	As	a	general	rule,	urodynamics	is	not	routinely	required	in	the	evaluation	of	nonneurogenic	paediatric	voiding	dysfunction,	as	in	most	cases	adequate	diagnosis	and	treatment	can	be	based	on	a	thorough	history	and	physical	examination	with
appropriate	use	of	endoscopy	and	radiography.	Is	the	most	appropriate	person,	with	an	understanding	of	the	patient’s	individual	condition,	performing	the	test?	the	external	anal	sphincter	2.	Nonurodynamic	tests	–	Cystoscopy	adds	little	to	the	evaluation	of	patients	who	have	stress	incontinence,	but	it	is	occasionally	helpful	in	assessing	the	short
fibrotic	‘stove-pipe’	urethra	sometimes	present	in	patients	who	have	ISD.	The	flow	rate	and	pattern	give	important	clues	to	the	underlying	dysfunction;	however,	the	major	limitation	of	uroflowmetry	is	that	the	flow	rate	is	a	composite	of	both	the	function	of	the	detrusor	and	the	function	of	the	bladder	outlet/urethra.	They	may	also	give	an	indication	of
the	impact	on	the	patient’s	life	and	may	highlight	‘coping	strategies’	that	the	patient	has	adopted	to	help	manage	symptoms.	(c	and	d)	Both	flow	curves	show	artefactual	spikes,	but	an	experienced	urologist	has	corrected	the	traces	(dashed	line)	so	that	the	true	maximum	flow	rates	are	17.5	and	9.2	mL/s,	as	shown.	To	make	the	important	distinction
between	DSD	and	pseudodyssynergia,	the	patient	should	be	asked	to	void	voluntarily.	The	bethanechol	supersensitivity	test	is	based	on	this	theory;	during	the	test,	2.5	mg	of	bethanechol	chloride,	an	acetylcholine-like	agent,	is	administered	subcutaneously	following	an	initial	pressure/flow	study.	If	you	have	been	prescribed	tablets	to	help	you	pass
your	urine	less	frequently,	take	them	regularly	as	directed.	9.2	Urodynamic	trace.	Irregularities	in	the	measured	flow	rate	due	to	collecting	funnel	artefacts	and	variations	in	direction	of	the	urinary	stream.	However,	one	must	consider	that	some	patients	with	a	‘bashful’	bladder	cannot	generate	a	detrusor	contraction	in	the	laboratory	setting.	Use
screening	to	outline	the	urethra	and	determine	the	site	of	any	obstruction,	completeness	of	emptying	and	presence	of	any	vesicoureteric	reflux.	This	‘milkback’	is	seen	during	contrast	studies	of	the	lower	urinary	tract	when	the	patient	is	asked	to	stop	voiding.	Although	most	patients	with	OAB	with	or	without	urgency	incontinence	are	described	as
having	an	‘idiopathic’	problem,	several	other	clinical	causes	should	be	considered:	intravesical	abnormalities	(i.e.	infection,	foreign	body,	bladder	carcinoma)	neurogenic	disease	bladder	outflow	obstruction	(BOO)	in	elderly	men,	urethral	valves	in	boys,	bladder	neck	dyssynergia	in	young	men,	pelvic	floor	dyssynergia	and	consequent	on	obstructing
cystourethropexy	iatrogenic	(e.g.	following	operative	treatment	of	stress	incontinence)	•	••	•	Frequently	the	symptoms	are	triggered	by	certain	events	such	as	running	water,	‘key	in	the	door’,	‘foot	on	the	floor’,	giggling,	exertion	or	female	orgasm.	Other	symptoms	Symptoms	associated	with	sexual	intercourse:	examples	include	dyspareunia,	vaginal
dryness	and	incontinence	(should	be	described	as	fully	as	possible	–	it	is	helpful	to	define	urine	leakage	as	follows:	during	penetration,	during	intercourse	or	at	orgasm).	In	patients	considering	an	enterocystoplasty,	the	outlet	should	be	urodynamically	assessed	for	the	presence	of	intrinsic	sphincter	deficiency	and	the	subsequent	need	for	surgical
correction	at	the	time	of	bladder	augmentation.	HISTORY	AND	EXAMINATION	The	patient	will	usually	have	a	previous	long	history	of	treatment	for	bladder	carcinoma	or	chronic	bladder	inflammation.	The	time	to	Qmax	should	not	exceed	one-third	of	the	flow	time.	Three	common	patterns	encountered	are	presented	next	(Fig.	2.	9.3a)	❍	detrusor
overactivity	in	a	‘stepping’	pattern	(consecutive	detrusor	contractions	probably	superimposed	on	loss	of	compliance)	(Fig.	••	•	•	Draining	the	urine	at	catheterization	is	the	most	direct	and	accurate	method	of	determining	the	initial	residual	and	attempts	to	ensure	that	the	investigation	commences	on	a	completely	empty	bladder.	(	pressure	in	the
abdomen	while	coughing	/	straining	etc).	During	voiding:	1.	When	standing	partially	81	Urodynamics	Made	Easy	obliquely,	the	position	of	the	bladder	neck	at	rest	and	during	increased	intraabdominal	pressure	(coughs,	Valsalva)	can	be	seen.	2.2	Anatomy	of	the	lower	urinary	tract	in	both	sexes.	The	time	until	the	first	measurable	muscle	response	is
termed	motor	latency.	The	waveform	of	the	MUAP	is	generally	biphasic	or	triphasic	and	may	be	detected	by	electrodes	and	displayed	on	an	oscilloscope	screen	or	a	strip	chart,	or	on	a	urodynamic	monitor	if	performed	synchronously	with	pressure/flow	cystometry.	Urodynamics	is	not	an	exact	science!	AIMS	OF	URODYNAMIC	INVESTIGATIONS	The
principal	aim	of	any	urodynamic	assessment	is	to	reproduce	the	patient’s	symptoms	whilst	obtaining	physiological	measurements	to	determine	the	pathophysiology	underlying	these	symptoms.	Most	cases	resolve	spontaneously,	but	some	may	require	a	period	of	anticholinergic	medication	to	alleviate	symptoms.	Table	2.1	contrasts	the	longer	urethra,
a	prostate	and	two	powerful	sphincter	mechanisms	in	the	male	compared	to	the	single	weaker	intrinsic	sphincter	mechanism	with	a	weaker	bladder	neck	and	a	shorter	urethra	in	the	female.	The	pelvic	organs	are	maintained	in	the	correct	position	by	this	pelvic	floor.	The	position	should	be	documented	throughout	the	test,	and	any	changes	in	position
will	require	the	external	transducer	height	to	be	readjusted	so	it	remains	level	with	the	upper	edge	of	the	symphysis	pubis.	Is	this	the	most	appropriate	test?	92	4	Pressure/flow	cystometry	abnormality	should	be	stated;	this	may	require	further	discussion	with	the	patient	following	the	study.	URODYNAMICS	IN	PRACTICE:	INTERPRETATION	TIPS	•	•
•	•	•	•	94	Start	by	looking	at	the	intravesical	trace.	The	following	information	is	essential	when	reporting	and	interpreting	the	results	of	urethral	pressure	studies:	bladder	fullness	position	of	the	patient,	as	posture	affects	the	urethral	muscle	tone	measurement	technique	size	and	type	of	catheter	rate	of	infusion	(perfusion	method)	infusion	medium
(liquid	or	gas)	••	••	••	43	Urodynamics	Made	Easy	••	••	•	stationary,	continuous	or	intermittent	withdrawal	of	catheter	rate	of	withdrawal	orientation	of	the	sensor	(catheter	transducers)	period	of	time	of	recording	manoeuvres	(e.g.	cough	and	Valsalva).	Video	urodynamics	may	demonstrate	several	abnormalities:	❍	bladder	trabeculation	and/or
diverticula,	or	a	‘Christmas	tree’-shaped	bladder	❍	vesicoureteral	reflux	❍	decompensated	bladder	neck	and/or	prostatic	urethra	❍	bladder	neck	and/or	distal	sphincter	dyssynergia.	The	urine	drains	into	the	bladder	at	the	vesico-ureteric	junction	at	the	termination	of	each	ureter.	2.5	Neural	control	of	the	lower	urinary	tract.	Are	there	appropriate
local	facilities	and	expertise	to	perform	the	chosen	test?	They	may	completely	fall	out,	causing	the	pressure	reading	to	dramatically	drop,	or	they	may	move	into	an	area	of	higher	pressure,	such	as	the	vesical	catheter	moving	from	the	bladder	into	the	urethral	sphincter	(Fig.	Indications	and	aims	The	IVUD	test	is	of	value	in	patients	who	are	to	undergo
imaging	of	the	upper	urinary	tracts	using	an	IVU.	It	measures	urethral	pressure	accurately	and	easily,	and	is	omnidirectional.	4.18).	Pattern	of	dysfunction	–	The	brainstem	contains	both	the	pontine	micturition	centre	and	the	pontine	storage	centre,	and	therefore	a	lesion	in	this	area	can	cause	of	variety	of	storage	and	voiding	dysfunctions	to	occur
simultaneously.	3.4d).	Video	urodynamics	reduces	the	importance	of	simultaneous	electromyography	for	diagnosing	detrusor	sphincter	dyssynergia.	How	to	differentiate	between	the	two	you	ask?	In	addition,	when	not	using	a	special	rectal	balloon	catheter,	a	finger	cot	should	be	placed	around	the	rectal	catheter	to	prevent	blockage	of	the	line	95
Urodynamics	Made	Easy	100	Pabd	(cm	H2O)	0	100	Pves	(cm	H2O)	0	100	Pdet	(cm	H2O)	0	0	30	60	90	120	150	180	Time	(s)	Fig.	Most	storage	devices	are	battery	powered	and	allow	information	to	be	collected	for	several	hours.	There	are	two	reasons	for	stress	incontinence-	intrinsic	sphincter	defect	or	hypermobility	of	the	urethra.	during	stress	(e.g.
coughing/Valsalva)	3.	Consider	urethral	pressure	profilometry	if	thought	to	be	appropriate.	The	position	of	the	obstruction	can	often	be	clearly	seen,	as	can	features	such	as	a	prostatic	indentation	at	the	base	of	the	bladder	due	to	an	enlarged	prostate.	Indications	and	aims	Uroflowmetry	is	a	noninvasive	and	inexpensive	test	that	gives	a	great	deal	of
information	regarding	voiding	function	by	measuring	the	rate	of	flow	of	voided	urine:	It	can	often	be	used	to	support	the	diagnosis	of	bladder	outflow	obstruction	(BOO)	or	detrusor	underactivity,	suspected	from	the	history.	•	•	•	••	•	153	Urodynamics	Made	Easy	Normal	frequency	History	Cytology	Voiding	diary	Negative	Renal	imaging	+	cystoscopy
Positive	Decreased	frequency	Abnormal	fluid	intake	Increased	frequency	Reassurance	Urodynamics	Decrease	fluid	intake	Urodynamics	Urine	culture	Positive	Treat	Negative	Normal	sensation	Reduced	sensation	Reassurance	Bladder	retraining	No	detrusor	overactivity	Detrusor	overactivity	Cystoscopy	±	biopsy	Treat	Normal	Bladder	training	High
capacity	Reassure	and	try	conservative	treatment	Surgery	last	resort	Inflammation	Conservative	treatments	-	Cystodistension/urethral	dilatation	-	Intravesical	steroids/hyaluronic	acid	Failed	conservative	treatment	Low	capacity	Subtotal	cystectomy	+	substitution	cystoplasty	Fig.	It	must	be	remembered	that	the	residual	volume	reflects	a	relative
impairment	in	detrusor	function.	Urgency	may	compel	the	sufferer	to	void	more	frequently	than	normal	and	to	wake	from	sleep	to	void.	The	duration	of	the	contraction	should	also	be	noted.	The	resulting	profile	indicates	the	pressures	within	the	urethra	from	the	bladder	neck	to	the	meatus.	The	test	can	detect	the	entry	of	fluid	into	the	proximal
urethra	because	a	continuity	of	fluid	(fluid	bridge)	between	the	bladder	and	urethra	occurs	in	such	a	situation.	8.1	Typical	urodynamic	appearances	for	a	contracted	bladder.	A	full	history	is	particularly	important	in	the	assessment	of	hypersensitive	disorders	of	the	bladder.	Urethral	pressure	profilometry	measurement	(Chapter	3)	and	abdominal	leak
point	pressure	(ALPP)	(Chapter	4)	may	help	determine	if	ISD	is	the	cause	of	the	SUI	and	possibly	direct	further	management.	5.11	Stress	incontinence	in	bladder	neck	descent/hypermobility.	Detrusor	overactivity	–	This	is	characterized	by	involuntary	detrusor	contractions	(IDCs)	during	the	storage	phase.	4.23	Common	trace	patterns.	••	•	Detrusor
overactivity	–	DO	may	or	may	not	represent	a	clinically	significant	abnormality,	depending	on	the	child’s	age	and	voluntary	response	to	the	overactivity.	(a)	Cystogram	of	a	female	patient	in	the	supine	position	showing	a	degree	of	bladder	base	prolapse.	The	delay	is	usually	between	0.5	and	1	second	but	can	be	as	long	as	2	seconds.	In	addition,	the
detrusor	may	compensate	for	BOO	by	increasing	the	magnitude	of	contraction	to	expel	urine	through	the	increased	resistance.	How	to	make	sense	of	these	lines	?	Urethral	relaxation	precedes	detrusor	contraction.	Post-micturition	symptoms	Feeling	of	incomplete	emptying:	a	feeling	experienced	by	the	individual	after	passing	urine.	5.4	Other	causes
of	storage	symptoms.	It	is	helpful	to	ascertain	if	any	particular	activities	(e.g.	bending,	heel	bouncing,	hand	washing)	provoke	the	symptoms	so	that	these	can	be	integrated	into	the	cystometric	assessment.	They	can	be	difficult	to	secure	and	provide	less	reproducible	results	than	needle	electrodes.	39	Urodynamics	Made	Easy	URODYNAMICS	IN
PRACTICE:	INTRAVENOUS	URODYNAMOGRAM	••	•	An	intravenous	urogram	is	obtained	to	assess	the	upper	tracts.	Cough-induced	incontinence	Frequently	the	abrupt	change	in	intraabdominal	pressure	during	coughing	provokes	urinary	incontinence	(Fig.	••	••	••	•	Analysis	of	results	The	quality	of	the	trace	should	be	assessed	by	carefully
checking	the	plausibility	of	the	recordings	and	the	adequacy	of	the	subtraction.	Voiding	diaries	also	24	3	Urodynamic	procedures	Urodynamic	parameters	measured	by	voiding	diaries	Parameter	Definition	Daytime	frequency	Nocturia	Number	of	voids	recorded	in	waking	hours	Number	of	voids	recorded	during	sleep	hours,	with	each	void	preceded
and	followed	by	sleep	Total	number	of	awake	and	sleep	voids	during	a	specified	24-h	period	Total	volume	of	urine	voided	during	a	specified	24-h	period	Voiding	of	more	than	2.8	L	in	24	h	Total	volume	of	urine	voided	during	sleep	hours,	excluding	the	last	void	before	sleeping	but	including	the	first	void	on	waking	An	increased	proportion	of	the	24-h
urine	output	that	is	produced	at	night	(>20%	in	young	patients	and	>33%	in	more	elderly	patients)	The	largest	volume	voided	during	a	single	micturition	Particularly	important	when	deciding	how	much	to	fill	the	bladder	during	pressure/flow	urodynamics	to	prevent	overfilling	Number	of	pads	used	during	a	specified	period	Number	of	incontinence
episodes	during	a	specified	period	Number	of	urgency	episodes	during	a	specified	period	Volume	of	fluid	ingested	during	a	specified	period	24-h	frequency	24-h	production	Polyuria	Nocturnal	urine	volume	Nocturnal	polyuria	Maximum	voided	volume	(replaces	the	term	functional	volume)	Pad	usage	Frequency	of	incontinence	episodes	Frequency	of
urgency	episodes	Fluid	intake	Table	3.3	Urodynamic	parameters	measured	by	voiding	diaries.	This	relaxation	should	persist	throughout	the	detrusor	contraction.	35	Urodynamics	Made	Easy	Artefacts	The	maximum	flow	rate	recorded	by	the	uroflowmetry	machine	is	frequently	misleading.	•	•	••	••	•	Video	urodynamic	screening	during	the	storage
phase	Video	urodynamics	is	an	excellent	method	for	evaluating	the	urethral	outlet	in	female	patients	who	have	urinary	incontinence.	9.3b).	Previously,	a	plethora	of	overlapping	and	confusing	terms	relating	to	lower	urinary	tract	dysfunction	were	in	use;	however,	the	International	Continence	Society	(ICS)	has	published	terminology	reports	to
standardize	the	terms	used	when	describing	LUTS,	thus	enabling	consistent	and	accurate	reporting	of	symptoms,	and	enabling	further	investigations	and	1	Urodynamics	Made	Easy	Lower	urinary	tract	symptoms	Storage	Voiding	Post-micturition	Urgency	Increased	daytime	frequency	Nocturia	Urinary	incontinence	Altered	bladder	sensation	Hesitancy
Intermittency	Slow	stream	Splitting	or	spraying	Straining	Terminal	dribble	Feeling	of	incomplete	emptying	Post-micturition	dribble	Table	1.1	Lower	urinary	tract	symptoms.	synchronous	opening	of	the	urethra	and	sphincter	mechanism	to	decrease	the	outlet	resistance	to	allow	passage	of	urine.	DO	can	be:	spontaneous	or	provoked	phasic	–	having	a
characteristic	waveform	of	repeated	waves	of	DO	terminal	–	an	IDC	occurring	at	cystometric	capacity,	which	cannot	be	suppressed	and	results	in	incontinence/voiding	idiopathic	–	when	there	is	no	defined	cause	for	the	overactivity.	Routine	urodynamics	and	renal	radiography	are	usually	performed	annually	or	every	alternate	year	depending	on	the
nature	of	the	vesicourethral	dysfunction.	At	first	this	will	be	difficult,	but	as	you	persevere	it	will	become	easier.	Voiding	phase	The	voiding	phase	of	cystometry	commences	when	the	patient	and	the	urodynamicist	decide	that	permission	to	void	has	been	given	or	when	uncontrollable	voiding	begins.	2.2).	The	following	are	noted:	❍	bladder	wall
thickness	❍	bladder	volume	❍	presence	of	diverticulae	❍	distal	ureteric	anatomy	❍	prostatic	volume	❍	presence	of	intravesical	pathology	(carcinoma	or	calculi).	The	bladder-filling	information	is	processed	at	the	PAG,	and	from	here	the	signals	are	sent	to	the	pontine	micturition	centre	(PMC)	in	the	brainstem	and	the	suprapontine	areas	of	the	brain.
4.26	A	modern	Bluetooth	portable	ambulatory	urodynamic	device.	The	cause	of	the	artefact	should	be	determined	and	the	fault	should	be	rectified.	However,	the	interpretation	is	often	more	complex,	and	there	are	specific	hazards	such	as	autonomic	dysreflexia;	therefore	the	investigations	are	best	performed	in	specialist	centres	using	video
urodynamics.	–	if	urge	incontinence	is	proven	through	urodynamics	it’s	called	Detrusor	overactivity	(DO)	–	always	look	for	activity	on	detrusor	line	first	.	Most	patients	with	neurological	trauma	usually	demonstrate	a	relative	degree	of	detrusor	underactivity.	Record	the	volume	of	the	first	sensation	of	filling,	first	desire	to	void	and	strong	desire	to	void.
The	somatic,	sympathetic	and	parasympathetic	peripheral	nerves	are	shown;	the	pontine	micturition	centre,	the	periaqueductal	gray	and	the	suprapontine	areas	involve	the	control	of	storage	and	voiding	of	urine.	Characterize	the	bladder	and	urethral	function	during	the	storage	phase.	This	can	also	raise	if	there	is	an	outlet	obstruction	like	a	urinary
stricture,	cystocele	(	kinking	urethra)	etc	as	the	normal	detrussor	tries	to	overcome	the	obstruction.	This	diagram	assumes	that	a	flow	rate	delay	adjustment	has	been	made	prior	to	correlating	the	various	pressure	and	flow	parameters.	Monitor	the	intraabdominal,	intravesical	and	subtracted	detrusor	traces	throughout	the	study.	Additional	changes
and	weighing	of	the	collecting	device	can	give	information	about	the	timing	of	urine	loss.	Rectal	impaction	can	theoretically	alter	vesicoureteric	function	during	urodynamic	evaluation,	and	rectal	evacuation	before	the	study	is	therefore	advised.	9.2).	Anyways,	moving	on	to	interpreting	these	lines.	3.4e).	Likewise,	although	voiding	symptoms	tend	to
be	associated	in	many	people’s	minds	with	bladder	outflow	obstruction	(BOO),	they	can	also	occur	in	the	context	of	inefficient	bladder	emptying.	The	results	must	always	be	interpreted	within	the	context	of	the	clinical	situation,	recognizing	the	limitations	of	the	study.	Start	filling	at	the	desired	rate.	The	patient	should	be	allowed	to	void	voluntarily	at
this	point.	89	Urodynamics	Made	Easy	Storage	Voiding	100	Pabd	(cm	H2O)	Cough	Cough	0	100	Pves	(cm	H2O)	0	100	Pdet	(cm	H2O)	Stop	test	0	100	Flow	rate	Q	(mL/s)	0	Fig.	5.8	Mechanism	of	incontinence	during	detrusor	overactivity.	Needle	electrodes	Individual	MUAPs	may	be	detected	by	needle	electrodes	placed	directly	into	or	near	the	muscle
to	be	studied.	There	is	a	lack	of	transmission	of	pressure	to	the	urethra,	resulting	in	leakage.	1-hour	pad	test	–	This	test	is	useful	in	patients	strongly	suspected	of	urinary	incontinence	but	who	have	failed	to	demonstrate	any	leakage	on	other	investigations,	such	as	video	urodynamic	studies.	For	example,	a	patient	with	concurrent	voiding	dysfunction
may	be	more	likely	to	require	clean	intermittent	self-catheterization	(CISC)	following	botulinum	toxin	therapy.	These	are	useful	in	both	the	initial	assessment	of	severity	and	to	monitor	the	impact	of	treatment.	Once	the	bladder	outlet	‘opens’	and	urine	begins	to	be	expelled,	the	bladder	continues	to	contract,	resulting	in	a	decrease	in	the	bladder
volume.	The	term	urodynamics	encompasses	any	investigation	of	lower	urinary	tract	dysfunction	from	the	simple	to	the	sophisticated,	including:	frequency/volume	chart	(FVC)	bladder	diary	pad	testing	uroflowmetry	with	and	without	ultrasound	residual	estimation	pressure/flow	studies:	❍	cystometry	❍	video	cystometry	❍	ambulatory	urodynamics
urethral	pressure	studies	other	studies:	❍	intravenous	urodynamogram	❍	ultrasound	cystodynamogram.	••	Due	to	the	kinetics	of	smooth	muscle	contraction,	the	detrusor	is	unable	to	generate	short-lived	changes	in	amplitude	(spikes).	It	may	have	value	in	determining	if	intrinsic	sphincter	deficiency	is	present,	which	may	lead	to	stress	urinary
incontinence.	(a)	Normal	–	there	is	rapid	change	before	and	after	the	peak	flow.	Abnormal	compliance	is	less	than	30	to	40	mL/cm	H2O.	If	there	is	obstruction	at	the	level	of	the	bladder	neck,	contrast	will	be	trapped	within	the	prostatic	urethra	(Fig.	At	the	completion	of	voiding	the	detrusor	relaxes	and	the	urethra/bladder	outlet	‘closes’.	However,
voiding	in	unfamiliar	surroundings	can	produce	unrepresentative	results,	as	may	voiding	on	demand	with	a	partially	filled	or	overfilled	bladder.	Frequently,	an	artefactual	spike	occurs	at	the	start	of	the	recorded	flow	due	to	the	initial	flow	of	urine	registering	on	the	flowmeter	or	during	the	flow	pattern	due	to	abdominal	straining.	The	activity
programme	may	be	modified	according	to	the	patient’s	physical	ability.	••	Many	patients	with	neurological	disorders	do	not	display	symptoms	or	signs	until	significant	damage	has	occurred	to	the	upper	tracts	or	to	detrusor	function.	A	patient	with	a	very	low	outlet	resistance	is	likely	to	experience	stress	incontinence	during	the	filling	phase.	The
innermost	mucosal	layer	in	both	sexes	is	organized	in	longitudinal	folds	and	during	the	storage	phase	when	the	urethra	is	‘closed’;	this	appears	in	a	stellate	configuration	on	cross	section.	3.1	Flowmeter.	Sensory	(afferent)	control	Afferent	signalling	from	the	lower	urinary	tract	also	occurs	along	the	hypogastric,	pelvic	and	pudendal	nerves.	Extra
channels	on	the	devices	may	also	collect	measurements	of	urine	loss	and	urethral	pressure.	Artificial	filling	may	be	relatively	insensitive,	being	too	fast	to	allow	detection	of	‘normal’	or	‘physiological’	detrusor	activity.	The	filling	rate	should	be	slow	to	not	provoke	premature	detrusor	overactivity,	which	may	potentially	mask	information	regarding
sensations,	cystometric	capacity	and	compliance.	A	thorough	understanding	of	the	structure,	function	and	control	of	the	lower	urinary	tract	is	vital	for	the	accurate	interpretation	of	urodynamic	investigations.	Accurate	interpretation	depends	on	simultaneous	measurement	of	intravesical	pressure	and	measurement	of	pressure	at	a	precisely	localized
point	in	the	urethra;	this	localization	may	be	achieved	by	a	radio-opaque	marker	on	the	catheter	allowing	the	pressure	measurements	to	be	related	to	a	visualized	point	in	the	urethra.	TERMINOLOGY:	BLADDER	SENSATIONS	AS	DEFINED	BY	THE	INTERNATIONAL	CONTINENCE	SOCIETY	First	sensation	of	bladder	filling:	When	the	patient	first
becomes	aware	of	the	bladder	filling.	The	measured	flow	rate	is	dependent	on	several	factors,	including:	strength	of	detrusor	contraction	(detrusor	contractility)	presence	of	BOO	adequacy	of	relaxation	of	the	sphincter	mechanisms	patency	of	the	urethra	compensatory	mechanisms	such	as	abdominal	straining.	However,	the	removal	of	a	large	volume
of	residual	urine	may	alter	detrusor	function,	especially	in	neurogenic	patients	who	do	not	self-catheterize	and	in	patients	with	hydronephrosis	secondary	to	raised	detrusor	pressures,	and	may	not	represent	the	normal	clinical	situation.	There	is	usually	a	rise	in	pulse	rate	and	blood	pressure	in	patients	with	bladder	hypersensitivity	under	a	light
general	anaesthetic;	in	addition,	bleeding	and	nonspecific	glomerulations	can	often	be	seen	in	the	bladder	following	the	distension.	With	increasing	bladder	fullness,	these	reflexes	will	increase	sympathetic	activity	and	inhibit	parasympathetic	activity,	and	activate	the	pudendal	(somatic)	neurones.	More	conservative	treatments,	such	as
cystodistension,	do	not	produce	long-term	symptomatic	relief.	4.19	After-contraction.	There	should	be	no	change	in	the	detrusor	pressure	(if	subtraction	is	adequate).	4.17	Measurable	pressure/flow	parameters.	Assess	for	bladder	outflow	obstruction	([email	protected]	–	2Qmax)	and	the	bladder	outflow	obstruction	index	([email	protected]	+	5Qmax).
It	is	recommended	that	only	standardized	terminology	be	used	when	describing	LUTS.	Bladder	capacity	in	children	can	be	calculated	from	the	following	formula:	Age	ðyearsÞ		30	+	30	¼	bladder	capacity	ðmLÞ	182	10	Paediatric	urodynamics	The	child	can	be	filled	while	in	a	supine	or	sitting	position	and	should	be	encouraged	to	void	in	a	position	and
fashion	that	is	as	normal	as	possible.	Maximum	cystometric	capacity	–	In	patients	with	normal	sensations,	this	is	the	volume	at	which	the	patient	feels	that	he	or	she	can	no	longer	delay	micturition	due	to	a	strong	desire	to	void.	(b)	The	same	patient	on	coughing,	showing	descent	of	the	bladder	base	and	urethra;	on	the	dynamic	screening	image,
leakage	was	visible.	They	are	used	to	test	the	integrity	of	peripheral,	spinal	and	central	nervous	pathways.	5.3	Urgency	is	the	pivotal	symptom	of	overactive	bladder.	Measure	the	blood	pressure.	Where	there	is	altered	or	absent	sensation,	the	MCC	cannot	be	measured	and	the	cystometric	capacity	should	instead	be	recorded.	These	changes	in	EMG
may	be	used	to	infer	the	presence	of	neurological	disease.	to	provide	an	effective	continence	mechanism	for	the	majority	of	the	time	(storage	phase)	2.	When	ISD	occurs	in	severe	forms,	even	the	slightest	increase	in	pressure	(e.g.	from	minor	movement)	may	cause	leakage	or	the	sphincter	may	be	completely	open	(incompetent)	with	almost	continual
leakage.	Prior	to	recommencing	filling,	the	quality	of	subtraction	should	be	reassessed	with	coughing.	URODYNAMICS	IN	PRACTICE:	NEUROGENIC	BLADDER	DYSFUNCTION	•	•	Initial	urodynamic	studies	are	most	commonly	performed	after	the	spinal	shock	period	is	over	(usually	3–4	months	after	spinal	cord	injury)	when	reflex	activity	is
reestablished,	along	with	a	baseline	renal	ultrasound	or	intravenous	urography.	Pressure/flow	cystometry	–	Video	urodynamics	is	the	gold	standard	test	and	allows	leakage	to	be	visualized	with	increases	in	intraabdominal	pressure.	Treatment	choices	are:	Bladder	training	–	If	the	patient	can	void	spontaneously,	then	he	or	she	should	be	encouraged	to
void	‘by	the	clock’	about	six	times	a	day	and	double	void	even	though	the	desire	to	void	may	be	absent.	If	sufficient	contrast	is	voided,	then	it	may	be	possible	to	assess	the	outflow	tract,	and	in	the	presence	of	low	voiding	detrusor	pressures,	it	is	difficult	to	evaluate	the	significance	of	attenuation	of	the	prostatic	urethra.	Intravesical	pressure	should	be
simultaneously	measured	to	exclude	a	detrusor	contraction,	and	subtraction	of	the	intravesical	pressure	from	the	urethral	pressure	produces	the	urethral	closure	pressure	profile.	However,	all	of	these	tests	are	nonstandardized	and	currently	provide	data	of	uncertain	clinical	significance	(Table	5.2).	The	CNS	and	bladder	dysfunction.	The	maximum
urinary	flow	rate	should	be:	greater	than	30	to	35	mL/s	in	women	greater	than	25	mL/s	in	men	younger	than	40	years	greater	than	15	mL/s	in	men	older	than	60	years.	A	nonconclusive	study	may	also	need	to	be	repeated.	2	Basic	structure,	function	and	control	of	the	lower	urinary	tract	Return	to	storage	phase	At	the	end	of	voiding	the	proximal
urethra	is	closed	in	a	retrograde	fashion,	thus	milking	back	the	urine	into	the	bladder.	A	reduced	anatomical	capacity	often	implies	a	low	likelihood	of	response	to	conservative	therapeutic	modalities.)	Reduced	volumes	with	variation	in	the	volume	voided	–	suggestive	of	underlying	detrusor	overactivity	as	the	bladder	contracts	at	variable	degrees	of
distension	before	maximum	capacity,	erroneously	informing	the	patient	that	the	bladder	is	full,	thus	resulting	in	urinary	frequency	and	low	and	variable	voided	volumes.	The	incontinence	may	be	due	to	the	pressure	rise	in	the	bladder	secondary	to	poor	compliance	or	may	be	due	to	increased	transmission	of	intraabdominal	pressure	(stress
incontinence).	86	4	Pressure/flow	cystometry	Detrusor	underactivity	–	This	underactivity	is	defined	as	a	contraction	of	reduced	strength	and/or	duration,	resulting	in	prolonged	bladder	emptying	and/or	a	failure	to	achieve	complete	bladder	emptying	within	a	normal	time	span.	Desire	to	void	After	infancy,	voluntary	control	of	voiding	is	achieved,	which
therefore	allows	voiding	to	be	initiated	only	in	appropriate	circumstances.	An	adjustment	for	flow	delay	must	be	made	for	this	measurement	to	be	accurate.	(NDO;	see	Chapter	9),	whereas	when	the	aetiology	is	unknown,	it	is	described	as	idiopathic	detrusor	overactivity	(IDO).	A	complete	lesion	around	the	conus	may	demonstrate	an	acontractile
detrusor	with	a	normal	or	overactive	urethra.	The	red	line	shows	the	recorded	flow	rate,	which	must	be	shifted	to	the	left	(blue	line)	by	the	amount	of	the	delay,	to	determine	the	actual	position	of	the	flow	trace	in	relation	to	the	pressure	readings.	This	sphincter	extends	throughout	the	proximal	two-thirds	of	the	urethra,	being	most	developed	in	the
middle	one-third.	9.1).	Similarly,	pressure/flow	cystometry	may	also	precipitate	autonomic	dysreflexia	during	filling	or	in	relation	to	DSD	and	should	be	prevented	by	slow	filling	rates	and	the	maintenance	of	low	volumes	and	detrusor	pressures.	In	addition,	they	do	not	measure	the	urethral	pressure	directly	but	instead	measure	the	stress	imparted	by
the	urethral	tissue	on	the	surface	of	the	transducer	only.	74	4	Pressure/flow	cystometry	Strong	desire	to	void:	The	persistent	desire	to	void	without	the	fear	of	leakage.	8.1).	183	Urodynamics	Made	Easy	An	estimation	of	bladder	sensitivity	(hypersensitive,	hyposensitive	or	normal)	can	be	made	during	filling.	These	serve	only	as	a	guide;	all	urodynamic
findings	should	be	interpreted	with	knowledge	of	the	history,	physical	examination	and	investigation	results,	as	well	as	findings	from	other	urodynamic	investigations.	3.5	Artefacts.	Investigations	should	include:	urinalysis	postvoid	residual	estimation.	True	DSD	occurs	only	in	patients	who	have	neurological	disorders.	The	term	urodynamics
encompasses	a	variety	of	complementary	techniques	of	varying	complexity	(Table	3.1).	Uroflowmetry	and	postvoid	residual	–	This	testing	is	not	usually	useful	to	investigate	altered	sensation;	however,	if	there	is	any	detrusor	failure,	then	there	may	be	poor	voiding	with	a	straining	pattern	and	raised	PVRs.	157	Urodynamics	Made	Easy	Pressure/flow
cystometry	–	Diagnosis	of	hyposensitivity	is	dependent	on	increased	volumes	at	which	sensations	occur;	usually	there	is	also	a	high	cystometric	capacity.	When	a	motor	neurone	is	damaged,	the	muscle	fibres	that	have	lost	their	nerve	supply	become	172	9	Neurogenic	bladder	disorders	reinnervated	by	adjacent	healthy	nerve	fibres,	resulting	in	fewer
but	larger	motor	units.	••	•	••	In	addition,	events	should	be	recorded	by	the	patient,	ideally	on	the	portable	storage	device,	including:	initiation	of	voluntary	voids	cessation	of	voluntary	voids	episodes	of	urgency	episodes	of	discomfort	or	pain	time	and	type	of	any	specific	provocative	activities	time	and	volume	of	fluid	intake	episodes	of	urinary
leakage.	(a)	Normal	compliance	with	each	30-	to	40-mL	increase	in	bladder	volume	causing	an	increase	in	pressure	of	less	than	1	cm	H2O.	These	tissues	form	a	supporting	‘hammock’	beneath	the	urethra;	during	increases	in	intraabdominal	pressure	(e.g.	coughing,	sneezing),	the	urethra	is	compressed	against	this	hammock,	thereby	keeping	the
urethra	closed	and	the	patient	continent	(Fig.	Another	clue	to	the	cause	of	damping	is	the	direction	of	the	deflection	of	the	subtracted	detrusor	pressure.	The	pattern	of	the	flow	is	also	altered	by	the	speed	of	the	recording,	and	the	ICS	has	recommended	that:	1	mL	should	equal	1	second	on	the	x-axis	1	mL	should	equal	10	mL	on	the	y-axis.	Pressure
parameters	that	can	be	obtained	during	the	voiding	phase	are	applicable	to	the	abdominal,	intravesical	and	detrusor	pressure	traces	(Fig.	Urine	in	bladder	diverticula	following	micturition;	a	diverticulum	can	be	regarded	as	part	of	the	bladder	or	conversely	can	be	regarded	as	being	outside	the	functioning	bladder	when	interpreting	the	PVR.	5.5).
Most	cases	of	contracture	are	treated	by	cystectomy	and	urinary	diversion	or	bladder	reconstruction	(see	Chapter	5).	This	may	be	related	to	diabetes	mellitus	or	diabetes	insipidus	but	is	more	usually	habitual,	especially	with	the	increasing	popularity	of	high-fluid	diets.	It	has	the	advantage	of	pressure/flow	cystometry	whilst	allowing	simultaneous
anatomical	visualization	of	the	bladder	and	urethra,	thus	providing	information	about	bladder	size	and	shape,	the	presence	of	vesicoureteric	reflux,	the	competency	of	the	bladder	neck	and	the	site	of	bladder	outflow	obstruction.	Coughing	or	a	Valsalva	causes	the	bladder	and	bladder	neck	to	descend	further,	and	leakage	may	become	apparent	(Fig.	It
is	good	practice	to	perform	urodynamics	in	a	standard	routine	to	ensure	that	all	possible	data	are	obtained.	85	Urodynamics	Made	Easy	Correct	[email	protected]	Incorrect	[email	protected]	Pdet	(cm	H2O)	Flow	rate	Q	(mL/s)	Flow	delay	Time	(s)	Fig.	Urinary	incontinence	(UI):	any	involuntary	leakage	of	urine.	The	addition	of	ultrasound	assessment	is
easy,	requiring	little	specialized	equipment	and	is	noninvasive	with	no	ionizing	radiation,	yet	it	provides	a	more	thorough	assessment	of	the	lower	urinary	tract.	Above	the	ureteric	orifices	is	the	main	body	of	the	bladder.	These	mechanisms	voluntarily	‘tighten	up’	the	bladder	outlet	and	thus	maintain	continence	until	an	appropriate	time	and	place	is
found	to	void.	Its	measurement	forms	an	integral	part	of	the	pressure/flow	study.	8	2	Basic	structure,	function	and	control	of	the	lower	urinary	tract	2.	Transurethral	catheterization	may	be	difficult	in	patients	who	have	suprasacral	cord	lesions	because	of	sphincter	spasm.	❍	Is	a	more	complex	test	more	likely	to	answer	all	clinical	questions?	The
patient	is	22	3	Urodynamic	procedures	Bladder	diary	Week	commencing:	Monday	In	6	am	Out	Out	300	Thursday	In	Out	250	50	250	150	100	175	100	350	Out	Sunday	In	Out	190	100	170	190	200	175	250	100	200	180	100	150	200	190	W	Saturday	In	150	1	pm	130	150	3	pm	130	200	175	W	270	100	W	4	pm	270	W	300	200	6	pm	150	190	7	pm	75	200
150	W	W	150	100	100	180	200	175	150	100	10	pm	W	200	8	pm	9	pm	Out	250	150	12.00	5	pm	Friday	In	150	10	am	2	pm	Out	200	200	8	am	11	am	Wednesday	In	350	7	am	9	am	Tuesday	In	120	150	175	11	pm	100	12.00	50	W	190	175	100	100	100	1	am	100	2	am	W	3	am	W	W	120	120	4	am	5	am	150	Waking	6	am	7.45	am	7.30	am	7.00	am	6.30	am	7.45
am	7.40	am	Retiring	12.30	am	11.30	pm	12.51	am	Midnight	Midnight	12.30	am	11.30	pm	Pad	usage	3	1	2	4	3	5	2	Table	3.2	The	bladder	diary.	However,	although	filling	is	natural	during	AUM,	it	is	not	physiologically	suitable	to	have	catheters	in	situ	for	protracted	periods	such	as	3	to	4	hours.	Continued	169	Urodynamics	Made	Easy	•	•	Indications	for
nonroutine	urodynamic	investigation	in	patients	with	neurogenic	disorders	include	symptomatic	voiding	dysfunction,	urinary	incontinence,	renal	deterioration	(e.g.	renal	scarring,	hydronephrosis,	elevated	serum	creatinine	level),	recurrent	urinary	tract	infections,	a	change	in	voiding	pattern	and	the	onset	of	autonomic	dysreflexia.	17	Urodynamics
Made	Easy	If	the	bladder	is	sensed	to	be	full	but	it	is	inappropriate	to	void,	the	PMC	will	send	descending	signals	to	inhibit	parasympathetic	activity,	increase	sympathetic	tone	and	increase	the	pudendal	somatic	activity	to	contract	the	urethral	sphincter	mechanism	and	pelvic	floor	muscles.	The	line	can	easily	be	checked	by	asking	the	patient	to	cough
or	perform	a	Valsalva	manoeuvre.	Bladder	sensations	Bladder	sensations	are	difficult	to	evaluate	because	of	their	subjective	nature;	the	patient	needs	to	inform	the	urodynamicist	about	sensations	relating	to	fullness	as	soon	as	they	occur,	and	these	should	be	recorded	on	the	trace.	In	addition,	the	test	is	particularly	useful	to	confirm	the	presence	of
incontinence	when	other	tests	(e.g.	pressure/flow	urodynamics)	have	failed	to	demonstrate	any	urinary	leakage.	••	•	••	•	•	•	••	A	detailed	voiding	history	is	essential	and	should	include:	age	and	results	of	toilet	training	occurrence	of	primary	or	secondary	enuresis	the	specific	pattern	of	wetting,	such	as	stress	incontinence,	continual	dripping	or	urge
incontinence	manoeuvres	used	to	prevent	wetting,	such	as	squatting,	leg	crossing,	dancing	or	‘Vincent’s	curtsy’	(see	later	discussion)	frequency	of	daytime	and	nighttime	micturition.	It	is	also	important	to	document	if	urgency	was	experienced	in	association	with	the	IDC;	usually	a	marker	can	be	electronically	placed	on	the	trace	when	urgency	occurs.
Absent	bladder	sensation:	individual	reports	no	sensation	of	bladder	filling	or	desire	to	void.	The	primary	aim	is	to	protect	the	upper	urinary	tract:	❍	to	maintain	low	intravesical	pressures	❍	to	maintain	a	low	postvoid	residual.	The	funnel	is	normally	placed	under	a	commode	for	females;	men	can	void	directly	into	the	funnel	whilst	standing.	••	•	•
FOCUSED	HISTORY	AND	PHYSICAL	EXAMINATION	First	and	foremost,	an	appropriately	focused	clinical	history	of	the	patient’s	symptoms	allows	the	formation	of	a	working	diagnosis,	which	can	help	to	direct	specific	clinical	questions	and	subsequent	investigations	and	management.	This	is	a	complex	area,	and	such	an	algorithm	usually	must	be
modified	for	each	individual	patient.	❍	Would	a	simpler	test	answer	the	clinical	questions?	A	preweighed	collecting	device	(pad)	is	put	on	and	the	first	1-hour	test	period	begins.	The	power	required	to	keep	the	disk	rotating	at	a	constant	rate	is	measured,	thus	allowing	calculation	of	the	flow	rate	of	fluid	landing	on	the	disk.	Pressure/flow	cystometry	–
This	testing	is	particularly	useful	both	in	excluding	other	causes	for	the	symptoms,	including	detrusor	overactivity,	and	in	diagnosing	increased	bladder	sensation.	Sit	the	patient	up/raise	the	head.	Several	cystometric	patterns	are	commonly	seen	in	patients	with	neurogenic	bladder:	❍	loss	of	bladder	compliance	❍	high-pressure	detrusor	overactivity,
often	repetitive	in	a	phasic	‘systolic’	pattern	(Fig.	34	3	Urodynamic	procedures	To	provide	more	detailed	information,	a	simple	flow	rate	can	be	combined	with	a	measurement	of	the	PVR	volume.	However,	it	is	often	incorrectly	used	to	describe	the	stinging/burning	sensation	characteristic	of	a	urinary	tract	infection	(UTI).	Sudden	bursts	of	leg	or
abdominal	spasms	are	not	uncommon	and	may	precede	detrusor	contractions	or	result	in	loss	of	the	recording	catheters.	The	mere	act	of	measuring	urethral	pressures	alters	the	intraurethral	pressure	and	introduces	artefacts.	4.15).	Specific	definitions	for	LUTS	are	listed	in	the	box	at	the	end	of	this	chapter.	•	•	•	OTHER	SPECIALIZED
NEUROPHYSIOLOGICAL	STUDIES	Nerve	conduction	studies	These	are	performed	by	stimulating	a	peripheral	nerve	and	monitoring	the	time	for	a	response	to	occur	in	its	innervated	muscle.	However,	many	successful	treatments	are	available	for	these	conditions,	and	therefore	it	is	important	that	sufferers	are	offered	a	suitable	treatment;	frequently
urodynamic	studies	are	required	to	determine	the	most	appropriate	management	choice.	Detrusor	activity	will	cause	both	the	detrusor	and	the	intravesical	pressures	to	rise	synchronously.	a	proximal	‘bladder	neck	mechanism’	2.	5.10	Typical	video	urodynamic	appearances	for	urodynamic	stress	incontinence.	The	easiest	muscle	to	use	is	the	external
anal	sphincter	because	placement	is	simple	and	dislodgement	is	less	common.	EMG	is	also	usually	performed	concurrently	with	cystometry	(see	the	next	section).	The	primary	value	of	EMG	is	for	identifying	neuropathy.	Often	a	large	terminal	contraction	occurs,	at	which	time	the	patient	feels	that	he	or	she	can	no	longer	delay	micturition	and	has
therefore	reached	maximum	cystometric	capacity.	The	test	should	not	be	performed	during	a	menstrual	period.	The	test	is	positive	if	the	catheter	is	ejected	together	with	a	significant	amount	of	water	within	1	minute	of	installation	(in	the	absence	of	straining).	Normal	values	The	hourly	pad	weight	increase	in	continent	women	varies	from	0.0	to	2.1	g/
hour,	averaging	0.26	g/hour.	Indeed,	it	is	recognized	that	a	significant	proportion	of	the	effect	of	antimuscarinics	may	be	an	action	on	cholinoceptors	located	on	sensory	nerves	and	that	the	action	of	105	Investigate:	haematuria	UTI,	pain	and	any	other	concerning	factors	Failure	of	initial	empirical	therapy	Palpable	bladder	with	large	PVR	History
Examination	No	obvious	stress	incontinence	Stress	incontinence	-	no	other	storage	symptoms	-	no	complicating	factors	-	other	storage	symptoms	-	complicating	factors	(e.g.	previous	surgery)	Treat	As	stress	incontinence	Investigate	cause	with	urodynamic	and	other	investigations	Detrusor	overactive	and	urodynamic	stress	incontinence	-	detrusor
overactivity	-	no	stress	incontinence	Catheterize	-	indwelling	-	CISC	Pressure/flow	cystometry	preferably	video	Treat	As	per	OAB	and	urgency	incontinence	-	urodynamic	stress	incontinence	-	no	detrusor	overactivity	Treat	As	mixed	incontinence;	treat	predominant	problem	first	-	no	urodynamic	stress	incontinence	-	no	detrusor	overactivity	-	pad	test	-



consider	IVU	to	exclude	extraureteric	incontinence	-	consider	ambulatory	urodynamics	Fig.	Immediately	before	the	test	begins,	the	collecting	device	is	weighed	to	the	nearest	gram.	The	line	with	the	lowest	amplitude	on	coughing	is	usually	the	cause	of	the	poor	subtraction	and	should	be	investigated	first.	Nonurodynamic	tests	–	Several	validated
questionnaires	are	available	to	determine	the	severity	of	the	condition	and	the	impact	on	quality	of	life.	a	Pabd	(cm	H2O)	Pves	(cm	H2O)	Pdet	(cm	H2O)	b	Pabd	(cm	H2O)	Pves	(cm	H2O)	Pdet	(cm	H2O)	Fig.	2.5	and	Table	2.2):	1.	Autonomic	dysreflexia	is	a	specific	risk	in	this	population	(see	later	discussion).	Afferent	signalling	is	involved	in:
involuntary	reflexes	conscious	sensation	of	bladder	fullness.	Increased	frequency	and	normal	volumes	–	therefore	an	increased	24-hour	production	of	urine,	suggesting	a	high	fluid	intake.	(d)	Intermittent	flow	–	resulting	from	abdominal	straining	to	compensate	for	poor	detrusor	contractility;	a	similar	picture	may	be	seen	with	urethral	overactivity
(detrusor	sphincter	dyssynergia	or	dysfunctional	voiding).	A	negative	result	should	be	interpreted	with	caution;	the	test	may	need	to	be	repeated	or	supplemented	with	a	more	prolonged	test.	The	catheter	is	constantly	perfused	at	a	set	rate	using	a	syringe	pump	(2–10	mL/min)	whilst	being	withdrawn	at	a	speed	of	less	than	0.7	mL/s.	Based	on	where
the	abnormality	is	noted	it	is	termed	as	storage	defect	or	voiding	defect.	Air-charged	technology	(see	Chapter	4)	This	uses	a	small	balloon	mounted	on	a	catheter.	Urge(ncy)	urinary	incontinence	(UUI):	involuntary	leakage	accompanied	by	or	immediately	preceded	by	urgency	(urge	urinary	incontinence	is	a	misnomer	because	it	is	urgency	that	is
associated	with	this	incontinence,	and	we	therefore	believe	that	it	should	be	called	urgency	incontinence,	not	urge	incontinence).	Key	Features	A	great	and	simple	teaching	tool	that	will	assist	the	novice	as	well	as	the	more	experienced	practitioner	Superbly	illustrated	in	full	colour.	If	autonomic	dysreflexia	occurs	during	pressure/flow	urodynamics:
Stop	filling	and	empty	the	bladder	as	soon	as	possible	with	a	large	urethral	catheter.	Renal	damage	can	result	in	the	most	severe	of	cases.	To	date,	the	technique	has	not	been	standardized	and	the	measurement	parameters	not	adequately	defined	by	the	ICS.	Frequently	only	a	negligible	amount	of	fluid	is	voided	(Fig.	3.4	Characteristic	flow	patterns.
Females	have	higher	flow	rates	than	males,	usually	of	the	order	of	5	to	10	mL/s	more	for	a	given	bladder	volume.	3.1).	Following	this,	the	patient	should	be	brought	to	a	standing	position	as	soon	as	possible	whilst	the	bladder	capacity	is	being	reached.	Women	often	report	improvement	at	the	end	of	their	menstrual	cycle,	and	many	will	have	had	a
hysterectomy,	perhaps	for	lower	abdominal/pelvic	pain,	but	with	no	obvious	gynaecological	pathology.	Urodynamic	findings	in	this	group	of	patients	frequently	do	not	correlate	well	with	the	neurological	examination	findings,	and	therefore	the	examination	findings	should	not	be	used	to	plan	the	urological	management.	100	Pabd	(cm	H2O)	0	100	Pves
(cm	H2O)	0	100	Pdet	(cm	H2O)	0	25	Flow	rate	Q	(mL/s)	0	Time	(s)	Fig.	Patients	must	be	instructed	to	continue	their	normal	activities	during	the	assessment	to	obtain	an	accurate	representation	of	their	normal	lower	urinary	tract	function.	Clearly	the	urethral	closure	mechanism	can	be	poorly	functioning	and	therefore	incompetent.	Increasingly
forceful	DO	associated	with	urgency	can	cause	significant	discomfort	for	the	patient,	and	incontinence	is	embarrassing.	After-contraction	–	Occasionally	a	detrusor	contraction	which	occurs	immediately	after	micturition	has	ended	is	encountered	on	urodynamics.	Children	should	be	filled	at	the	same	rate	(10–25	mL/min);	however,	in	neurogenic
dysfunction	the	rate	should	be	lowered	even	further.	This	is	usually	prevented	by	calibrating	the	lines	adequately	at	the	start	of	the	study	and	avoiding	air	bubbles	and	kinks	in	the	rectal	line.	The	test	may	also	be	useful	in	diagnosing	sphincter	damage	and	determining	if	implantation	of	an	artificial	urinary	sphincter	is	appropriate.	Patients	with
neurogenic	bladder	may	demonstrate	a	hyposensitive	bladder	or	absent	bladder	sensation.	Contracting	the	pelvic	floor	muscles	(Kegel	manoeuvre)	can	also	help	abort	the	desire	to	void.	pelvic	3.	chronic	prostatitis	bladder	pain	syndrome/painful	bladder	syndrome/interstitial	cystitis	(BPS/PBS/IC)	bladder	calculus	bladder	carcinoma.	84	4	Pressure/flow
cystometry	•	•	•	•	Maximum	pressure	–	the	maximum	value	of	the	measured	pressure	(i.e.	the	peak	amplitude	of	the	voiding	pressure	curve).	More	than	one-third	of	healthy	elderly	women	and	approximately	50%	of	institutionalized	females	suffer	from	incontinence,	with	estimates	indicating	that	as	many	as	one	in	four	women	experience	urinary
incontinence	during	their	lifetime.	The	urodynamicist	must	be	convinced	of	the	quality	of	measurements	before	proceeding	with	the	investigation.	Factors	that	contribute	to	compliance	are:	the	passive	elastic	properties	of	the	tissues	of	the	bladder	wall	the	intrinsic	ability	of	smooth	muscle	to	maintain	a	constant	tension	over	a	wide	range	of	stress	the
neural	reflexes	that	control	detrusor	tension	during	bladder	filling.	It	measures	urethral	pressure	accurately,	but	this	technique	is	the	most	difficult	to	use	and	requires	frequent	recalibration.	FUNCTION	OF	THE	LOWER	URINARY	TRACT	The	function	of	the	lower	urinary	tract	can	be	split	into	two	distinct	phases:	1.	Urethral	sphincter	mechanisms
are	‘open’	–	urethral	and	pelvic	floor	muscles	are	relaxed.	Leak	point	pressures	During	the	storage	phase,	leak	point	pressures	can	also	be	assessed.	Frequently	the	results	following	AUM	are	different	from	those	obtained	during	conventional	pressure/flow	studies.	SUI,	Stress	urinary	incontinence;	UUI,	urge	urinary	incontinence;	MUI,	mixed	urinary
incontinence.	The	bladder	neck	is	also	poorly	defined,	with	the	muscle	fibres	having	a	mainly	longitudinal	orientation.	New	developments	in	technology	such	as	air-charged	technology	with	true	circumferential	recording	and	ease	of	recording	are	leading	to	a	resurgence	of	interest	in	urethral	pressure	measurements	and	may	lead	to	an	increasing
understanding	of	the	clinical	utility	of	these	tests	and	the	clinical	significance	of	the	results.	Determine	the	severity	of	the	condition.	Management	should	be	tailored	for	each	patient	depending	on	the	pattern	of	dysfunction	and	a	plan	for	follow-up,	other	relevant	investigations	(renal	function,	ultrasound)	and	repeat	urodynamic	assessments	should	be
carried	out.	Sometimes	this	can	be	seen	during	rectal	peristalsis	too.	Additionally,	during	filling,	the	volumes	at	which	a	first	desire	to	void	and	maximal	bladder	capacity	is	reached	are	noted.	4.21).	Neurourology	and	Urodynamics.	PAD	TESTING	With	the	1-hour	International	Continence	Society	pad	test,	the	upper	limit	(99%	confidence	limit)	has
been	found	to	be	1.4	g/hour.	Continued	21	Urodynamics	Made	Easy	•	•	The	presence	of	a	UTI	may	invalidate	the	results	of	a	urodynamic	investigation,	as	a	UTI	may	falsely	result	in:	❍	increased	bladder	sensation	(	pain	or	discomfort)	❍	detrusor	overactivity	❍	poor	bladder	compliance.	In	practice,	as	the	catheters	are	placed	whilst	supine,	it	is	often
helpful	to	commence	filling	in	this	position,	as	any	early	problems	can	be	corrected	72	4	Pressure/flow	cystometry	without	moving	the	patient	back	to	a	supine	position.	Trace	A	is	abdominal	pressure.	Pressure	measurements	are	nearly	instantaneous.	108	5	Storage	disorders	and	incontinence	therapy;	in	such	circumstances	the	patient	should	be
referred	to	secondary	care	for	a	more	detailed	evaluation	and	a	greater	range	of	management	options.	104	5	Storage	disorders	and	incontinence	Prevalence	of	incontinence	type	by	age	20	SUI	UUI	MUI	Prevalence	(%)	15	10	5	0	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	Age	group	(years)	Fig.	Opening	pressure	–	the	pressure	recorded	at	the
onset	of	urine	flow.	Complex	patients	suspected	of	having	a	urogenital	fistula	or	urethral	diverticulum	require	an	appropriate	diagnostic	workup,	including	cystoscopy.	Determine	bladder	compliance.	However,	variations	in	local	equipment	and	screening	facilities	may	require	the	patient	to	be	filled	in	the	supine	or	sitting	positions.	Continued	5
Urodynamics	Made	Easy	Voiding	symptoms	Slow	stream:	the	perception	by	the	individual	of	reduced	urine	flow,	usually	compared	to	previous	performance	or	in	comparison	to	others.	(	pressure	inside	the	bladder	cavity)	Trace	C	is	detrusor	pressure.	Practical	points	There	are	several	important	factors	to	consider	when	interpreting	flow	rates,
including:	Volume	voided	–	low	voided	volumes	of	less	than	150	mL	can	lead	to	erroneous	results	and	should	be	repeated,	whereas	high	voided	volumes	of	greater	than	400	to	600	mL	may	lower	flow	rates	by	overstretching	the	bladder,	resulting	in	detrusor	overdistension	and	decompensation.	Straining:	the	muscular	effort	used	to	either	initiate,
maintain	or	improve	the	urinary	stream.	The	base	of	the	bladder	extends	circumferentially	from	the	ureteric	orifices.	••	•	•	•	75	Urodynamics	Made	Easy	URODYNAMICS	IN	PRACTICE:	PROVOCATION	MANOEUVRES	•	•	•	•	•	Provocative	manoeuvres	are	techniques	used	during	the	storage	phase	to	provoke	detrusor	overactivity.	This	term	replaces
the	older	term	genuine	stress	incontinence.	9.1	Video	urodynamic	screening	in	a	patient	with	spinal	cord	injury.	INTERPRETATION	Because	of	the	great	variability	in	the	development	of	urinary	control	in	young	children,	extreme	caution	is	needed	in	interpreting	their	urodynamics	and	in	diagnosing	disorders	of	lower	urinary	tract	function.	••	••	In
contrast,	pseudodyssynergia	is	the	normal	voluntary	contraction	of	the	external	sphincter	and	pelvic	floor	muscles	in	response	to	an	involuntary	detrusor	contraction	(in	the	filling	phase	of	the	study)	in	an	attempt	to	prevent	urgency	incontinence.	Detrusor	underactivity	may	be	a	cause	or	consequence	of	bladder	hyposensitivity	and	results	in	the
inability	to	generate	a	detrusor	contraction	and	often	a	high	PVR.	It	may	prevent	any	expulsion	of	urine	in	occasional	circumstances.	(Reproduced	with	permission	from	Tadic	SD,	Holstege	G,	Griffiths	DJ.	They	are	useful	if	leakage	(urgency	vs.	Maximum	urethral	closure	pressure	E-Book	Information	Series:	Made	Easy	Year:	2,018	Edition:	4th	Edition
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gold	standard	test	for	detecting	DO,	which	is	characterized	by	involuntary	detrusor	contractions	during	the	filling	phase.	Ideally	the	delay	should	be	calculated	for	the	equipment	in	use	and	a	correction	made	when	correlating	flow	rates	to	pressure	measurements,	such	as	when	measuring	the	[email	protected],	opening	pressure,	closing	pressure	and
opening	time.	The	ICS	has	broadly	categorized	LUTS	into	three	groups	(Table	1.1)	related	to	their	timing	within	the	bladder	(voiding)	cycle.	Frequently,	analysis	software	mistakes	artefacts	for	clinically	relevant	data;	this	counterchecking	is	therefore	imperative	to	ensure	accuracy,	and	any	discrepancy	should	be	edited.	Maximum	cystometric
capacity:	In	patients	with	normal	sensation,	this	is	the	volume	at	which	the	patient	feels	he	or	she	can	no	longer	delay	micturition.	But	this	drawing	might	as	well	appear	in	part	2.	Mixed	urinary	incontinence	(MUI):	involuntary	leakage	associated	with	urgency	and	with	exertion,	effort,	sneezing	or	coughing	(a	mixture	of	UUI	and	SUI	symptoms).	The
urethral	closure	mechanism	is	therefore	described	as	being:	Normal	–	maintains	continence	in	the	presence	of	increased	intraabdominal	pressure,	although	it	may	be	overcome	during	DO,	leading	to	incontinence	Incompetent	–	allows	leakage	in	the	absence	of	a	detrusor	contraction	Demonstrating	urodynamic	stress	incontinence	–	involuntary	leakage
of	urine	during	increased	intraabdominal	pressure	in	the	absence	of	a	detrusor	contraction	(previously	termed	genuine	stress	incontinence)	Demonstrating	urethral	relaxation	incontinence	–	leakage	due	to	urethral	relaxation	in	the	absence	of	raised	intraabdominal	pressure	or	DO.	The	catheters	may	need	to	be	changed	if	they	fall	into	a	nonsterile
area.	If	it’s	there	most	likely	it’s	detrusor	overactivity	Warm	regards	,	Tanushree	Rao	MBBS,	MS,	MRCOG	Abbreviations	SUI-	stress	urinary	incontinence	DO-	detrusor	overactivity	ISD-	intrinsic	sphincter	defect	(	of	urethra)	P-abd-	abdominal	pressure	P-ves-	vescical	pressure	P-det-	detrussor	pressure	References	1.	2.	VDOC.PUB	Download	Embed	This
document	was	uploaded	by	our	user.	DO	was	previously	called	detrusor	instability,	and	NDO	was	previously	called	detrusor	hyperreflexia.	Surface	electrodes	should	be	applied	to	an	area	as	close	to	the	muscle	under	investigation	as	possible.	Following	cystoplasty,	bowel	peristalsis	in	the	segment	patched	to	the	bladder	frequently	occurs	and	voiding
is	usually	accomplished	by	abdominal	straining,	which	is	more	efficient	when	coordinated	with	the	peristaltic	contractions.	For	more	information	about	the	Massachusetts	Income	Tax,	see	the	Massachusetts	Income	Tax	page.	All	units	performing	urodynamics	on	patients	with	SCIs	should	have	a	protocol	in	place	for	emergency	treatment	of	the
condition.	Successful	management	of	OAB	requires	that	the	condition	be	accurately	diagnosed	and	differentiated	from	other	lower	urinary	disorders	such	as	stress	incontinence.	Injury	to	the	afferent	axons	and	pathways	may	lead	to	diminished	bladder	sensation.	Overactive	contractions	are	considered	to	be	normal	in	young	immature	bladders	until
central	inhibitory	pathways	develop	fully,	even	in	the	face	of	a	strong	desire	to	void.	Common	questionnaires	include	the	King’s	Health	Questionnaire	(KHQ),	the	Patient	Perception	of	Bladder	Condition	(PPBC)	questionnaire,	the	International	Consultation	on	Incontinence	Modular	Questionnaire	(ICIQ),	the	Overactive	Bladder	Questionnaire	(OAB-q)
and	the	Short	Form-36	(SF-36)	questionnaire.	Increased	bladder	sensation:	individual	is	aware	of	an	early	and	persistent	desire	to	void.	Paediatric	urodynamics	is	a	highly	specialized	field	and	should	only	be	performed	in	centres	with	the	necessary	equipment	and	expertise.	Often	other	investigations	are	indicated	to	exclude	other	causes	for	the
symptoms,	including:	urine	cytology	voiding	diaries	pressure/flow	cystometry	cystoscopy	with	and	without	biopsy	abdominal/pelvic	ultrasound	(to	rule	out	gynaecological	disorders).	Normally	the	contrast	is	‘milked	back’	from	the	distal	sphincter	mechanism	proximally	through	the	bladder	neck	into	the	bladder.	(d)	Vesicovaginal	fistula.	(b)	Seemingly
poor	compliance.	5.4)	and	urinary	tract	infection	have	been	excluded,	then	there	is	often	little	need	for	further	investigations.	Complete	the	study	pro	forma	if	used.	Urodynamics	must	therefore	not	be	undertaken	lightly	in	this	group	and	must	be	interpreted	with	care.	Obstruction	at	the	level	of	the	sphincter	(detrusor	sphincter	dyssynergia),	right
vesicoureteric	reflux	and	hydronephrosis,	as	well	as	multiple	bladder	diverticulae,	are	seen.	Free	flow	–	a	‘free	flow’	occurs	after	natural	filling	of	the	bladder,	whereas	a	‘non–free	flow’	void	occurs	when	the	bladder	is	filled	using	a	catheter.	It	measures	the	capacity	of	the	bladder	neck	and	urethral	sphincter	mechanism	to	resist	increased	pressure.
There	may	also	be	bladder	tenderness,	both	suprapubically	and	on	vaginal	examination.	It	also	determines	measurement	of	first	sensation,	desire	to	void,	and	bladder	capacity.	The	principal	innervations	of	the	lower	urinary	tract	Type	Origin	Detrusor	muscle	Sphincteric	muscle	Principal	neurotransmitter	Hypogastric	Sympathetic	T10–L2	Relaxes
Noradrenaline	Pelvic	Parasympathetic	Contracts	Pudendal	Somatic	S2–S4	(spinal	micturition	centre)	S2–S4	(Onuf’s	nucleus)	Contracts	sphincteric	smooth	muscle	Relaxes	Contracts	sphincteric	striated	muscle	and	pelvic	floor	Acetylcholine	Table	2.2	16	N/A	Acetylcholine	Principal	innervations	of	the	lower	urinary	tract.	URODYNAMICS	IN	PRACTICE
••	••	•	Aims	of	urodynamic	investigations	Reproduce	the	patient’s	symptoms.	Note	the	relatively	low	voiding	pressure	and	‘normal’	flow	rate.	32	3	Urodynamic	procedures	Urodynamic	parameters	measured	by	uroflowmetry	Parameter	Definition	Voided	volume	Total	volume	expelled	via	the	urethra	Maximum	measured	flow	rate	Maximum	flow	rate
(Qmax)	Average	flow	rate	Voided	volume	divided	by	flow	time	Flow	time	Time	over	which	measurable	flow	actually	occurs	(i.e.	excluding	interruptions)	Total	duration	of	micturition	(i.e.	including	interruptions)	Voiding	time	Time	to	maximum	flow	Table	3.4	Notes	The	flow	curve	should	be	assessed	visually,	and	the	Qmax	must	not	be	taken	at	the	peak
of	an	artefact	but	at	the	peak	of	the	line	of	best	fit	for	the	curve.	(However,	it	may	be	as	high	as	2.1	g/hour	in	women	who	consider	themselves	continent.)	UROFLOWMETRY	Men	younger	than	40	years	:	Qmax	>25	mL/s	Men	older	than	60	years	:	Qmax	>15	mL/s	Females	:	Qmax	>30–35	mL/s	PRESSURE/FLOW	STUDIES	Storage	Maximum
cystometric	capacity	(MCC)	:	350–600	mL	Volume	at	first	sensation	:	approximately	50%	of	the	MCC	Volume	at	normal	desire	:	approximately	75%	of	the	MCC	Volume	at	strong	desire	:	approximately	90%	of	the	MCC	Normal	compliance	:	>30	mL/cm	H2O	189	Urodynamics	Made	Easy	Voiding	Maximum	detrusor	pressure	:	25–60	cm	H2O	:	40–60	cm
H2O	[email	protected]	in	men	:	20–40	cm	H2O	[email	protected]	in	females	Postvoid	residual	:	20	obstructed	BOOI	:	20–40	equivocal	BOOI	:	150	strong	contractility	BCI	:	100–150	normal	contractility	BCI	:	100	cm	H2O:	suggests	urethral	hypermobility.	NEUROGENIC	DETRUSOR	AND	SPHINCTER	OVERACTIVITY	The	presence	of	both	NDO	and
sphincter	overactivity	is	a	particularly	dangerous	urodynamic	situation.	It	is	essential	to	relate	the	urodynamic	findings	to	the	patient’s	symptoms	throughout	the	study,	as	this	is	vital	to	the	interpretation	of	the	urodynamic	findings.	Second,	patients	express	symptoms	in	different	ways,	and	this	is	influenced	both	by	what	they	are	experiencing	and
how	they	interpret	these	symptoms.	5.6	High-pressure	detrusor	overactivity.	9	Neurogenic	bladder	disorders	PRACTICAL	POINTS	IN	PERFORMING	PRESSURE/FLOW	CYSTOMETRY	Performing	urodynamics	in	patients	who	have	neurogenic	bladder	dysfunction	can	be	challenging,	and	technical	modifications	may	be	necessary	to	obtain	the	maximum
amount	of	information.	Ensure	that	no	dampening	is	present.	Indications	and	aims	Voiding	diaries	are	simple,	noninvasive	tools	which	frequently	form	part	of	the	initial	evaluation	of	patients	complaining	of	lower	urinary	tract	symptoms	(LUTS),	particularly	those	who	have	storage	symptoms	such	as	increased	urinary	frequency,	incontinence	or
nocturia.	Method	and	standardization	Ensure	that	the	patient	has	a	subjectively	full	bladder	before	carrying	out	the	study	to	provide	a	representative	result.	Functional	obstruction	is	due	to	detrusor	sphincter	dyssynergia	(DSD)	secondary	to	a	neurological	abnormality	or	secondary	to	poor	relaxation	of	the	pelvic	floor	and	urethral	sphincter
mechanism.	A	urethral	stricture	in	the	presence	of	a	normally	functioning	bladder	usually	does	not	cause	voiding	symptoms	until	the	urethral	calibre	is	reduced	below	11	French	(Fr)	(Fig.	Voiding	diaries	–	Diaries	are	useful	in	this	condition	for	determining	the	daytime	frequency,	which	is	often	significantly	raised;	frequency	typically	is	raised	more
than	in	patients	with	overactive	bladder.	It	is	important	that	the	bladder	sensations	associated	with	cystometric	filling	are	recorded,	and	this	requires	that	bladder	sensations	are	explained	fully	to	the	patient	and	the	patient	knows	to	inform	the	urodynamicist	as	soon	as	these	sensations	occur	(see	the	following	discussion).	Interpreting	changes	in
pressure	Activity	external	to	the	bladder	Activity	emanating	from	the	bladder	Rectal	activity	Table	4.4	Frequent	causes	Pabd	Pves	Pdet	Cough,	Valsalva,	movement,	talking,	etc.	Flat	plateau	–	A	low	maximum	flow	rate,	which	plateaus	for	a	prolonged	time	in	a	‘box-like’	fashion,	is	characteristic	of	a	constrictive	obstruction	from	a	urethral	stricture.	If
it’s	detrussor	overactivity	there	would	be	increase	in	vesicular	and	detrussor	pressure	but	abdominal	pressure	would	be	normal.	167	Urodynamics	Made	Easy	Assessment	of	lower	urinary	tract	dysfunction	is	no	different	from	that	in	neurologically	normal	patients,	consisting	of	history,	examination,	voiding	diaries,	uroflowmetry	and	pressure/flow
studies	(	EMG).	(Note:	It	is	thought	that	a	low	MUCP	[100	mL/min	–	a	very	rapid	provocative	filling	rate.	Perform	initial	free	uroflowmetry	for	comparison	and	quality	control	(if	not	previously	done).	5.5	Possible	video	urodynamic	findings	during	detrusor	overactivity.	On	completion	of	voiding,	ensure	that	the	patient	coughs	again.	An	elevated	PVR	is
an	indication	for	pressure/flow	urodynamics.	If	there	are	any	doubts	regarding	the	quality	of	the	study,	the	presence	of	artefacts	or	if	a	significant	problem	occurred	such	as	the	urethral	or	rectal	catheter	falling	out	during	voiding,	the	study	should	be	repeated.	The	secondary	aims	are	to	improve	the	quality	of	life	and/or	achieve	continence.	In
practice,	in	patients	without	any	neurological	dysfunction,	this	occurs	when	the	MCC	has	been	reached.	MANAGEMENT	In	most	cases,	treatment	of	the	underlying	cause	will	have	already	failed	to	halt	disease	progression,	and	therefore	operative	treatment	is	indicated.	(d)	True	poor	compliance:	stopping	filling	does	not	cause	a	drop	in	pressure,	and
filling	further	at	any	fill	rate	continues	to	show	poor	compliance.	Assess	voiding	diary	to	determine	bladder	capacity	at	which	to	stop	filling	(if	not	previously	done).	The	intravesical	opening	pressure	is	likely	to	be	the	most	clinically	relevant.	ULTRASOUND	CYSTODYNAMOGRAM	The	USCD	combines	ultrasound	examination	of	the	bladder	with
uroflowmetry	to	provide	more	detailed	information	on	bladder	structure	and	function	than	uroflowmetry	alone.	However,	it	is	likely	that	this	relationship	is	more	complex,	as	DO	most	probably	occurs	as	a	consequence	of	stimulation	of	afferent	feedback	to	the	limbic	zone	of	central	nervous	system	releasing	the	inhibitory	control	of	the	pontine
micturition	centre.	Most	of	the	principles	of	setting	up	and	performing	a	high-quality	conventional	study	are	relevant	Fig.	When	voiding	is	completed	without	interruption,	voiding	time	is	equal	to	flow	time.	To	achieve	this,	information	regarding	bladder	fullness	must	be	sent	to	the	brain;	at	an	appropriate	situation	to	void	the	brain	must	override	the
peripheral	storage	reflexes	and	‘switch’	the	lower	urinary	tract	into	the	voiding	phase.	Normally	a	cough	should	produce	a	small	biphasic	blip	in	the	detrusor	trace;	however,	an	obviously	positive	deflection	suggests	intraabdominal	line	dampening,	whereas	an	obviously	negative	deflection	suggests	intravesical	line	dampening	(see	Fig.	Establish	a
precise	diagnosis.	During	AUM,	the	bladder	is	not	artificially	filled	but	instead	is	filled	by	natural	urine	production	from	the	kidneys.	antimuscarinics	directly	on	detrusor	muscle	cholinoceptors	is	less	important	than	previously	believed	to	be	the	case.	URODYNAMICS	IN	PRACTICE:	1-HOUR	PAD	TEST	•	•	•	•	•	••	•	•	•	The	International	Continence
Society	has	suggested	the	following	guidelines:	The	test	should	occupy	a	1-hour	period	during	which	a	series	of	standard	activities	are	carried	out.	•	•	41	Urodynamics	Made	Easy	70	cm	H2O	Vesical	pressure	Syringe	driver	0	Urethral	pressure	Side	hole	2–10	mm/s	Withdrawal	unit	Fig.	Spontaneous	reflex	voiding	can	occur;	however,	it	is	uncontrolled
and	associated	with	incontinence.	Neuronal	interactions	The	account	of	the	neuronal	control	of	the	lower	urinary	tract	given	previously	is	a	simplification;	extensive	interactions	exist	between	the	neuronal	populations	at	all	levels	in	the	peripheral,	spinal	and	higher	central	areas.	surroundings	to	remove	the	inhibitory	effects	of	the	test	environment.
Loss	of	trace	activity	The	trace	should	be	‘active’	(i.e.	small	second-by-second	variations	should	be	seen).	Urgency	and	mixed	urinary	incontinence	become	proportionally	more	prevalent	with	age,	whilst	stress	urinary	incontinence	(SUI)	is	more	prevalent	in	middle	age	(Fig.	(c)	Vesicoureteric	reflux:	mild	left	reflux	(i)	and	marked	bilateral	reflux	and
hydronephrosis	(ii).	sacral–subsacral	(peripheral	nerve	and	cauda	equina).	••	•	•	•	•	Note	that	dual	serotonin–noradrenaline	reuptake	inhibition	therapies	such	as	duloxetine	are	no	longer	recommended	as	first-line	therapies	owing	to	the	severe	side	effects	that	can	occur.	The	three	stages	of	the	bladder	cycle	are:	1.	The	measurement	is	expressed	in
millilitres	per	second	(mL/s).	However	(particularly	with	video	cystometry),	it	may	also	assist	in	identifying	structural	abnormalities,	such	as	a	prolapse	associated	with	stress	urinary	incontinence	(SUI),	vesicovaginal	fistulae,	urethral	diverticula	or	upper	tract	vesicoureteric	reflux;	in	the	context	of	the	male	patient,	it	can	be	useful	in	demonstrating
attenuation	of	the	prostatic	urethra	in	association	with	prostatic	outlet	obstruction	or	confirming	the	diagnosis	of	bladder	neck	obstruction.	(Note:	Many	patients	complain	of	slower	flow	rates	at	night	and	during	the	first	morning	void,	when	the	bladder	is	relatively	overstretched.)	The	nature	of	the	fluid	–	flowmeters	need	to	be	calibrated	for	the	type
of	fluid	being	voided	due	to	differences	in	specific	gravity.	(e)	Classic	pattern	of	a	urethral	stricture	with	a	long	plateau.	Before	embarking	on	any	urodynamic	investigation,	the	following	should	be	considered:	Is	there	a	clear	indication	for	the	chosen	test?	If	urethral	function	is	normal	during	storage,	then	there	should	be	no	leakage	of	contrast	(in	the
absence	of	a	detrusor	contraction).	87	Urodynamics	Made	Easy	100	Pabd	(cm	H2O)	0	100	Pves	(cm	H2O)	0	100	Pdet	(cm	H2O)	0	50	Flow	rate	Q	(mL/s)	0	0	30	60	90	120	150	180	Time	(s)	Fig.	The	quality	of	the	measurements	should	be	reassessed	periodically	during	the	course	of	a	study,	and	the	patient	should	be	asked	to	cough	regularly	throughout
and	prior	to	terminating	the	monitoring	and	also	before	any	voiding	episodes	so	that	on	retrospective	analysis	the	quality	of	the	subtraction	can	be	determined.	At	cystometric	capacity	or	immediately	before	any	detrusor	contraction	that	caused	significant	leakage	(and	therefore	caused	the	bladder	volume	to	decrease).	For	example,	this	occurs	when	a
man	voiding	into	a	funnel	changes	the	point	he	is	‘aiming’	at	within	the	funnel	–	so-called	cruising.	DSD	can	be	diagnosed	during	fluoroscopy	without	direct	measurement	of	EMG	activity,	eliminating	the	need	for	potentially	bothersome	electrodes.	Measurement	of	the	postvoid	residual	urine	volume	with	a	bladder	scanner	remains	an	important	part	of
the	clinical	evaluation.	Uroflowmetry	parameters	that	can	be	obtained	were	described	in	Chapter	3	and	include:	flow	rate	(Q)	maximum	flow	rate	(Qmax)	voided	volume	voiding	time	flow	time	average	flow	rate	time	to	maximum	flow.	3.5	and	include:	Straining,	causing	an	artificial	rise	in	the	maximum	flow	rate.	Bethanechol	supersensitivity	test	When
an	organ	is	deprived	of	its	nerve	supply,	it	will	develop	hypersensitivity	to	its	own	neurotransmitter	(Cannon’s	law	of	denervation).	It	should	also	be	stated	if	the	DO	was	spontaneous	or	provoked.	•	•	••	•	•	CLINICAL	NOTES	A	normal	flow	rate	does	not	exclude	the	presence	of	bladder	outflow	obstruction	(BOO)	Frequently,	uroflowmetry	is	performed
to	detect	the	presence	and	severity	of	BOO.	Several	patterns	of	DSD	have	been	described	on	EMG:	a	crescendo	increase	in	EMG	activity	that	reaches	a	peak	at	the	peak	of	the	detrusor	contraction	alternating	contraction	and	relaxation	(clonic	EMG	activity)	of	the	sphincter	musculature	during	the	detrusor	contraction	(Appendix	3,	example	trace	4)
sustained	sphincter	contraction	throughout	the	period	of	the	contraction	(failure	of	relaxation).	Urodynamic	investigations	are	not	ideal	techniques	for	evaluating	sensory	disorders,	which	can	be	very	subjective,	but	do	allow	some	sensory	information	to	be	obtained	and	enable	the	observer	to:	measure	the	sensory	thresholds	objectively	exclude	motor
disorders.	•	••	In	practice,	most	patients	will	be	filled	at	a	medium	fill	rate,	and	therefore	the	ICS	has	more	recently	decided	to	instead	categorize	fill	rates	as	being	either	physiological	or	nonphysiological	based	on	body	weight.	4.	The	detrusor	trace	is	an	artefact	in	this	case.	Patients	are	instructed	to	void	normally,	either	sitting	or	standing,	with	a
comfortably	full	bladder	and	should	be	provided	with	as	much	privacy	as	possible	and	comfortable	29	Urodynamics	Made	Easy	Fig.	Similarly,	in	women	with	a	mixture	of	symptoms	suggestive	of	both	urgency	incontinence	and	stress	incontinence,	video	cystometry	is	invaluable	in	determining	if	both	conditions	are	present	(mixed	incontinence)	and
which	is	the	predominant	problem	requiring	focused	treatment.	It	is	essential	before	considering	any	invasive	treatment,	such	as	botulinum	toxin	therapy	or	surgery.	At	the	end	of	the	1-hour	test,	the	collecting	device	is	removed	and	weighed.	However,	if	this	fails	the	patient	should	be	evaluated	in	secondary	care	for	consideration	of	invasive
management.	Asymptomatic	bacteriuria	is	common	and	predisposes	patients	to	bacteraemia;	it	is	recommended	to	use	antibiotics	1	hour	before	the	study	if	necessary.	These	nerves	transmit	information	regarding	the	fullness	of	the	bladder	and	the	presence	of	any	noxious	(chemical	or	cold)	stimuli.	This	is	seen	at	the	start	of	this	trace,	with	the
negative	rectal	deflection	curve	(mimicking	a	detrusor	contraction)	and	also	gradually	as	the	rectal	pressure	falls	throughout	the	trace,	leading	to	a	rising	detrusor	pressure;	this	could	easily	be	misinterpreted	as	poor	bladder	compliance.	The	voided	volume	and	duration	of	the	test	should	be	recorded.	It	is	easy	to	perform	and	interpret	and	provides	a
great	deal	of	useful	information.	A	further	role	of	the	urethra,	which	seems	likely	but	remains	hypothetical,	is	to	provide	afferent	feedback,	which	may	have	important	implications	in	influencing	bladder	function.	It	is	important	that	you	do	not	restrict	your	fluid	intake.	However,	flow	measurements	encounter	a	delay	from	the	time	the	urine	leaves	the
urethral	meatus	until	they	are	measured	by	the	flowmeter.	3.4a).	The	battery	of	tests	that	measure	bladder	function	are	called	cystometrics.	117	Urodynamics	Made	Easy	Possible	findings	during	urodynamic	testing	of	patients	with	stress	incontinence	Voiding	diaries	1-Hour	pad	test	Uroflowmetry	Pressure/flow	cystometry	Electromyography	Urethral
pressure	profilometry	Abdominal	leak	point	pressures	Table	5.2	•	•	•	•	•	•	•	•	•	•	Episodes	of	stress	incontinence,	if	recorded	Frequency	as	a	coping	behaviour	>1.4-g	increase	in	weight	Possible	exaggerated	flow	rate	due	to	low	outlet	resistance	Demonstrable	urodynamic	stress	incontinence	Bladder	neck	descent	and	hypermobility	Suggests	intrinsic
sphincteric	deficiency	(video	urodynamics)	Voiding	usually	rapid	with	a	high	flow	rate	(30–60	mL/s)	and	low	voiding	pressures	due	to	reduced	outflow	resistance	(see	Fig.	Intermittent	stream	(intermittency):	urine	flow	which	stops	and	starts,	on	one	or	more	occasions,	during	micturition.	DSD	may	lead	to	high	voiding	pressure	and	upper	tract	damage,
and	this	is	a	particularly	‘dangerous’	pattern	of	urological	dysfunction;	it	is	typically	seen	in	high-level	(cervical	cord)	lesions.	186	Appendix	1	Scheme	for	performing	a	pressure/flow	study	•	•	•	Perform	provocation	tests	at	maximum	cystometric	capacity	if	detrusor	overactivity	was	not	detected	previously.	The	flow	rate	delay	should	be	accounted	for,
and	any	automatically	generated	values	for	urodynamic	parameters	in	both	the	filling	and	voiding	phases	should	be	counterchecked	manually.	Gravimetric	flowmeter:	The	weight	of	collected	fluid	or	the	hydrostatic	pressure	at	the	base	of	a	collecting	cylinder	is	measured.	•	•	•	Urodynamics	in	bladder	hyposensitivity	Voiding	diaries	–	Diaries	are
useful	in	identifying	infrequent	voiding,	and	the	patient’s	functional	bladder	capacity	may	be	significantly	increased.	Unfortunately,	some	patients	experience	persistent	or	new	symptoms	such	as	urgency,	daytime	frequency,	incontinence,	voiding	difficulty	or	recurrent	urinary	tract	infections.	The	uploader	already	confirmed	that	they	had	the
permission	to	publish	it.	STORAGE	PHASE	•	•	••	••	•	•	Ensure	that	the	patient	is	trying	to	suppress	voiding/leakage	during	the	storage	phase.	If	it’s	high	then	it’s	obstruction.	However,	the	final	stage	of	the	condition	may	not	be	associated	with	hypersensitivity.	DO	is	detected	using	a	conventional	pressure/flow	study	in	only	about	50%	to	60%	of
patients	who	have	LUTS	highly	suggestive	of	DO.	to	allow	adequate	bladder	emptying	with	a	minimum	of	resistance	(voiding	phase).	••	••	159	Urodynamics	Made	Easy	Examination	is	usually	unremarkable,	although	there	may	be	some	suprapubic	tenderness.	In	the	simplest	of	cases	where	there	are	no	uncertainties	regarding	the	diagnosis	and	no
complicating	factors,	pressure/flow	assessment	is	not	required	prior	to	surgery,	although	this	recommendation	remains	controversial,	and	a	diagnosis	made	based	on	history	alone	will	not	predict	DO	in	up	to	25%	of	cases.	However,	particularly	in	the	early	stages	of	obstruction,	there	may	be	a	compensatory	increase	in	the	voiding	pressure	generated
by	the	detrusor	muscle,	thus	overcoming	the	obstruction.	Causes	of	hyposensitivity	include:	idiopathic	neurogenic:	❍	spinal	cord	injury	❍	pelvic	trauma	❍	radical	hysterectomy	❍	abdominoperineal	resection	of	the	rectum	❍	peripheral	neuropathy	(e.g.	diabetes).	A	similar	response	is	seen	if	the	bladder	is	filled	too	rapidly.	Premature	bladder
sensations	usually	occur	in	quick	succession,	culminating	in	bladder	discomfort	and	the	strong	desire	to	void,	thereby	reducing	the	capacity.	A	nappy	or	pad	should	be	worn	inside	waterproof	underpants	or	should	have	a	waterproof	backing.	When	recording	a	leak	point	pressure,	several	variables	should	be	recorded	to	document	the	conditions	under
which	the	test	was	performed.	These	are	important	in	the	conscious	and	unconscious	control	of	the	PMC.	Cystometry	is	recommended	when	considering	an	invasive	procedure	in	patients	who	have	had	unsuccessful	attempts	at	antiincontinence	surgery	previously.	The	bladder	neck	is	a	far	weaker	structure	than	in	the	male	and	is	often	incompetent,
even	in	nulliparous	young	women.	Good	communication	is	required	to	ensure	that	the	patient	informs	the	urodynamicist	of	the	sensations	experienced	without	the	urodynamicist	prompting	the	patient	to	the	degree	that	‘words	are	put	in	the	patient’s	mouth’.	5.7).	At	the	end	of	filling,	it	is	recommended	to	wait	approximately	30	seconds	before
recording	the	end	filling	pressure.	Symptoms	associated	with	pelvic	organ	prolapse:	examples	include	‘something	coming	down’,	low	backache,	vaginal	bulging	sensation	and	dragging	sensation	(may	need	to	digitally	replace	the	prolapse	to	defaecate	or	micturate).	All	catheters	should	be	securely	fixed	to	the	patient	to	limit	any	danger	of	becoming
displaced	during	movement.	2	1	Clinical	evaluation	of	the	lower	urinary	tract	After	taking	a	careful	history	and	carrying	out	an	appropriate	clinical	examination,	laboratory,	endoscopic	or	radiographic	tests	should	be	performed	prior	to	urodynamic	assessment	as	clinically	indicated.	••	•	12	2	Basic	structure,	function	and	control	of	the	lower	urinary
tract	a	b	Bladder	Urethra	Uterus	Pubic	bone	Pubourethral	ligament	c	Well-supported	pelvic	floor	d	Abdominal	pressure	Rectum	Vagina	Anus	Poorly	supported	pelvic	floor	Abdominal	pressure	Urethra	Pelvic	floor	‘hammock’	Vagina	Compression	of	urethra	against	anterior	vagina	wall	(urethra	closed)	Lack	of	compression	(urethra	open)	Fig.
Acontractile	detrusor	–	An	acontractile	detrusor	does	not	demonstrate	any	contractile	activity	during	urodynamic	assessment.	Consider	if	prophylactic	antibiotics	are	necessary.	Prior	to	maturation,	voiding	is	involuntary	and	usually	to	completion,	as	a	result	of	a	well-sustained	detrusor	contraction	accompanied	by	synergic	relaxation	of	the	urethral
sphincter	mechanism.	A	simple	algorithm	for	the	investigation	of	incontinence	is	shown	in	Fig.	5.2	Algorithm	for	the	investigation	of	urinary	incontinence.	On	being	given	permission	to	void,	148	6	Voiding	disorders	and	bladder	outflow	obstruction	the	patient	often	has	a	long	delay	before	initiating	the	void.	The	patient	is	able	to	perform	some
everyday	activities,	including	actions	which	may	provoke	the	troublesome	symptoms,	and	the	patient	is	free	of	the	fixed	urodynamic	apparatus	of	conventional	pressure/flow	cystometry,	with	the	monitoring	taking	place	outside	of	the	urodynamic	laboratory.	Example	of	a	bladder	drill	••	•	Patients	are	instructed	to:	hold	on	to	their	urine	for	a	fixed
time,	such	as	an	hour	use	the	bladder	retraining	programme	to	suppress	early	urges	gradually	increase	the	time	interval	(i.e.	an	additional	15	minutes	weekly)	between	voids	until	an	acceptable	voiding	pattern	is	achieved.	In	addition,	an	important	group	of	cells	called	interstitial	cells	has	also	been	identified,	and	these	undoubtedly	have	an	important
role	in	the	coordination	of	lower	urinary	tract	function.	There	is	also	a	lag	in	the	flowmeter	registering	the	flow	from	when	the	urine	left	the	meatus;	this	is	unimportant	in	free	flow	uroflowmetry	but	is	a	consideration	when	uroflowmetry	is	combined	with	pressure/flow	urodynamics	(see	Chapter	4).	4.22).	•	Voiding	urethral	pressure	profile	(voiding
phase).	(b)	It	is	eliminated,	revealing	a	true	maximum	flow	rate	of	7.4	mL/s	when	the	patient	stops	squeezing	the	penis.	Negative	rectal	pressure	A	negative	rectal	pressure	adds	to	the	total	bladder	pressure,	and	therefore	the	subtracted	detrusor	pressure	may	be	higher	than	the	total	bladder	pressure	(Fig.	The	findings	must	be	interpreted	in	the
context	of	data	from	a	bladder	diary	and	an	assessment	of	anatomical	bladder	capacity.	CLINICAL	NOTES	•	•	Always	exclude	urinary	tract	infections	prior	to	a	urodynamic	investigation	Urinary	tract	infections	(UTIs)	are	a	common	cause	of	lower	urinary	tract	symptoms	(LUTS).	A	detailed	discussion	of	the	various	techniques	is	outside	the	scope	of
this	book;	however,	a	summary	of	the	techniques	is	provided	in	the	following.	The	ICS	has	recommended	that	voiding	diaries	are	performed	for	at	least	3	days.	The	resulting	subtracted	detrusor	pressure	is	artefactually	higher	than	the	intravesical	pressure.	The	compliance	of	the	bladder	is	also	often	severely	reduced	due	to	fibrosis	of	the	detrusor
muscle	(see	Chapter	4).	This	usually	results	in	complete	urinary	retention	due	to	an	acontractile	detrusor	and	also	to	the	maintenance	of	some	residual	sphincteric	competence.	4.12).	Several	different	diaries	have	been	defined	by	the	ICS:	Micturition	time	chart	–	records	only	the	times	that	voids	occur	with	no	volumetric	data	Frequency/volume	chart
(FVC)	–	records	the	time	and	volume	of	each	micturition	Bladder	diary	–	records	the	time	and	volume	of	each	micturition	and	may	also	include	other	data	such	as	incontinence	episodes,	pad	usage,	fluid	intake	and	urgency	(Table	3.2).	There	may	also	be	a	history	of	neurological	injury	(spinal	cord	or	cauda	equina),	pelvic	surgery	or	diabetes.	LOWER
URINARY	TRACT	SYMPTOMS	TERMINOLOGY	It	is	essential	to	use	standardized	terminology	when	discussing	LUTS	and	the	results	of	urodynamic	investigations	to	allow	accurate	exchange	and	comparison	of	information	for	clinical	and	research	purposes.	Underactive	bladder	occurs	in	association	with	diverse	pathophysiologies;	based	on	current
knowledge,	there	is	no	single	distinguishing	symptom.	Video	urodynamics	provides	the	gold	standard	evaluation	of	patients	who	have	neurogenic	bladder	dysfunction.	••	••	••	•	82	a	b	ci	cii	d	e	Fig.	Neurogenic	hyposensitivity	is	usually	due	to	denervation	of	the	sensory	pathways	such	as	occurs	with	spinal	cord	injury	or	with	local	disruption	to	the
nerves	during	pelvic	surgery.	During	this	phase	the	detrusor	initially	contracts	without	a	change	in	bladder	volume;	this	is	termed	isovolumetric	contraction.	Anticholinergic	therapy	is	usually	used,	as	are	antispasmodic	drugs	such	as	mebeverine,	although	drug	therapy	may	not	be	successful.	The	change	in	weight	or	pressure	allows	calculation	of	the
flow	rate.	••	•	Due	to	the	loss	of	desire	to	micturate,	patients	with	a	hyposensitive	bladder	often	retain	large	volumes	within	the	bladder	and	only	infrequently	void.	However,	it	must	be	borne	in	mind	that	whilst	these	are	objective	tests	that	can	be	standardized	to	a	high	degree,	there	remains	a	significant	subjective	element	in	the	interpretation	of	the
results.	(a)	Video	findings,	(b)	pressure	flow	findings.	The	patient	should	be	asked	to	inhibit	the	desire	to	void	or	leak	throughout	the	storage	phase	and	should	be	told	to	immediately	disclose	any	urgency	sensations	felt	or	any	incontinent	episodes	during	the	storage	phase.	Use	screening	(if	performing	video	urodynamics)	to	assess	the	bladder	outline,
volume,	vesicoureteric	reflux,	diverticula,	trabeculations,	opening	of	the	bladder	neck,	bladder	neck	descent,	bladder	neck	hypermobility	and	leakage.	The	relationship	between	flow	time	and	voiding	time	in	an	intermittent	voiding	pattern	is	shown.	In	addition,	30	seconds	at	the	end	of	filling	should	be	allowed	for	bladder	accommodation	before
interpreting	the	pre-micturition	pressure.	If	the	intravesical	trace	has	changed	synchronously	with	the	detrusor	trace,	then	this	is	genuine	detrusor	activity,	but	double	check	that	the	abdominal	trace	has	not	changed.	Recording	site	EMGs	are	commonly	recorded	from	three	muscles:	1.	Painful	bladder	syndrome	symptoms	Bladder	pain
syndrome/painful	bladder	syndrome/interstitial	cystitis	(BPS/PBS/IC):	suprapubic	pain	related	to	bladder	filling	and	associated	with	other	lower	urinary	tract	symptoms,	usually	increased	frequency	(but	not	urgency;	diagnosed	only	in	the	absence	of	UTI	or	other	obvious	pathology).	Available	and	emerging	treatment	choices	include:	Fluid	intake	advice
(reduce	volume,	reduce	tea/coffee/alcohol)	Bladder	training	and	bladder	drill	Anticholinergic	(antimuscarinic)	therapy:	❍	Oxybutynin	(oral	and	transcutaneous)	❍	Tolterodine	(oral)	❍	Trospium	chloride	(oral)	❍	Solifenacin	(oral)	❍	Fesoterodine	(oral)	❍	Propiverine	(oral)	❍	Darifenacin	(oral).	During	the	voiding	phase,	high	pressures	may	be
encountered	with	BOO,	because	the	recorded	detrusor	pressure	is	not	only	dependent	on	the	magnitude	of	the	detrusor	contraction	but	also	on	the	degree	of	outlet	resistance.	149	Urodynamics	Made	Easy	possible	to	comment	on	whether	there	is	a	relative	degree	of	BOO	if	an	adequate	detrusor	pressure	is	not	generated.	Other	types	of	urinary
incontinence:	may	be	situational,	such	as	incontinence	during	sexual	intercourse,	or	giggle	incontinence.	Female	sphincteric	mechanisms	Females	are	much	more	likely	to	suffer	from	urinary	incontinence	that	is	due	to	intrinsic	sphincter	deficiency	than	males	because	of	the	much	less	powerful	sphincteric	mechanism	of	the	female	urethra.	Reduced
volumes	with	minimal	variation	in	the	volume	voided	–	suggesting	a	bladder	wall	pathology	such	as	bladder	pain	syndrome/painful	bladder	syndrome/interstitial	cystitis	or	carcinoma	in	situ.	Terminal	dribble:	a	prolonged	final	part	of	micturition,	when	the	flow	has	slowed	to	a	trickle/dribble	(compare	to	post-micturition	dribble).	Quality	control	coughs
performed	every	minute	will	therefore	be	every	50	mL	filled	in	nonneurogenic	patients.	The	investigation	is	unfamiliar	and	embarrassing	to	most	patients,	and	the	entire	urodynamic	team	must	be	sensitive	to	this	and	must	continually	ensure	that	the	patient	feels	at	ease.	••	These	components	provide	a	highly	sophisticated	system	of	conduits	and	a
reservoir	that	converts	the	continuous	involuntary	production	of	urine	by	the	kidneys	into	the	intermittent,	consciously	controlled	voiding	of	urine	(micturition	at	a	convenient	time	and	place).	It	is	usually	diagnosed	by	studying	synchronous	flow	rate	and	detrusor	pressure	data	and	is	characterized	by	increased	detrusor	pressures	and	reduced	flow
rates	(see	Chapter	6).	Residual	urine	estimation	by	catheter	or	ultrasound	should	be	carried	out	at	another	time,	when	emptying	is	more	physiological.	••	•	Continued	25	Urodynamics	Made	Easy	•	•	•	•	•	Sitting	on	a	hard	seat	may	help	you	hold	on	to	your	urine	longer.	This	technique	can	be	used	to	determine	the	pressure	and	site	of	urethral
obstruction.	pressure	that	occur	with	stress	(Table	5.3).	115	Urodynamics	Made	Easy	Management	of	stress	incontinence	Initial	therapy	can	be	commenced	empirically	by	the	primary	care	physician.	A	bladder	can	either	be	normally	compliant	or	poorly	compliant	(hypocompliant).	Urodynamic	findings	in	stress	incontinence	Video	urodynamics
Bladder	neck	descent	and	hypermobility	–	When	the	bladder	descends	due	to	poor	pelvic	floor	support,	increases	in	intraabdominal	pressure	are	not	transmitted	equally	to	the	bladder	body	and	proximal	urethra	(Figs	5.10	and	5.11).	by	faeculent	material	and	a	slit	should	be	cut	in	the	finger	cot	to	prevent	tamponade	when	flushing	out	the	line.	If	there
is	doubt	about	the	diagnosis	after	uroflowmetry,	more	complex	urodynamic	(usually	pressure/flow)	studies	may	be	required.	174	9	Neurogenic	bladder	disorders	The	most	commonly	tested	latency	used	to	assess	neuropathic	bladder	dysfunction	is	the	bulbocavernosus	reflex.	Stress	urinary	incontinence	(SUI):	involuntary	leakage	on	effort	or	exertion,
or	on	sneezing	or	coughing.	First	desire	to	void:	The	feeling	that	would	lead	the	patient	to	pass	urine	at	the	next	convenient	moment,	but	voiding	can	be	delayed	if	necessary.	Calculation	of	average	flow	rate	is	only	meaningful	if	flow	is	continuous	and	without	terminal	dribbling.	Filling	pressures	and	voiding	function	may	be	normal.	the	levator	ani	3.
Often	the	patient	has	to	perform	abdominal	straining	to	initiate	or	maintain	a	void.	90	4	Pressure/flow	cystometry	••	•	•	•	Important	factors	in	the	interpretation	of	residual	volume	include:	The	time	interval	between	voiding	and	residual	urine	estimation.	❍	If	compliance	remains	poor,	then	true	hypocompliance	is	present.	A	pleasant,	cheerful	testing
environment	and	staff	and	the	presence	of	a	family	member	will	help	reduce	fear	and	anxiety.	Information	to	be	recorded	includes:	initial	residual	urine	urine	leaked	during	study	–	assessed	by	weighing	pads	before	and	after	use	throughout	the	study	or	by	electronic	assessment	of	leakage	(e.g.	using	a	conductance	channel	to	determine	when	leakage
occurs)	the	time	and	volume	of	voids,	including	the	flow	rate,	will	be	recorded	throughout	the	study	using	a	flowmeter	length	of	the	study	final	residual	on	study	completion.	4.16).	Enuresis:	any	involuntary	loss	of	urine	(similar	to	the	definition	of	UI).	This	parameter	is	used	in	calculating	the	BOO	index	(see	Chapter	6)	or	the	bladder	contractility
index.	the	striated	urethral	sphincter.	However,	most	lesions	are	incomplete	and,	depending	on	the	pathways	disrupted,	can	give	a	varying	pattern	of	dysfunction.	This	is	easily	visualized	with	video	urodynamics;	when	standing	partially	obliquely	the	bladder	neck	position	may	be	abnormally	low	(below	the	level	of	the	upper	third	of	the	pubic
symphysis),	signifying	loss	of	pelvic	floor	118	5	Storage	disorders	and	incontinence	Prolapse	+	open	bladder	neck	Low-pressure	contraction	Rapid	voiding	Storage	phase	Voiding	phase	Pdet	(cm	H2O)	Flow	rate	Q	(mL/s)	Leak	Rapid	void	at	low	pressure	Fig.	This	is	frequently	seen	with	BOO,	although	a	similar	pattern	may	be	seen	with	a	poorly
contractile	detrusor	muscle	(Fig.	pudendal.	Urodynamic	studies	are	generally	not	required	in	the	assessment	of	NE,	and	most	children	with	monosymptomatic	NE	become	dry	by	age	10,	whilst	behavioural	treatments	including	alarm	systems	can	be	useful	in	this	group	of	patients.	As	with	nerve	conduction	studies,	their	use	is	confined	to	specialized
neurophysiology	centres.	Nerve	conduction	studies	have	been	found	to	be	beneficial	in	diagnosing	neurological	disease	but	require	elaborate	instrumentation	and	expert	interpretation.	In	addition,	leakage	can	be	directly	visualized	and	recorded.	••	An	excitatory	impulse	in	the	motor	neurone	causes	each	of	its	muscle	fibres	to	contract;	the	sum	of	this
activity	is	called	the	motor	unit	action	potential	(MUAP).	In	this	chapter	the	indications	and	methodology	for	these	various	techniques	will	be	discussed,	along	with	introducing	common	clinical	findings.	Electronic	dipstick	flowmeter:	A	dipstick	is	mounted	in	a	collecting	chamber.	4.23	and	Table	4.4).	•	•	•	Uroflowmetry	is	an	adequate	investigation	for
uncomplicated	BOO	in	greater	than	60%	of	patients.	Intradetrusor	botulinum	toxin	injections:	❍	Type	A.	It	demonstrates	high	metabolic	activity	and	acts	in	concert	with	the	urothelium	to	subserve	a	key	afferent	role.	❍	tape	procedures	(to	restore	the	suburethral	hammock	support):	▪	retropubic	▪	transobturator	▪	mini-slings.	The	pad	test	should	be
conducted	in	a	standardized	fashion,	and	the	ICS	has	provided	guidelines	on	performing	a	‘1-hour	pad	test’.	•	•	•	•	•	•	Detrusor	leak	point	pressure	In	neurogenic	patients	who	have	a	high	filling	pressure,	the	upper	tracts	have	an	increased	risk	of	being	damaged	if	there	is	a	subtracted	detrusor	pressure	greater	than	30–40	cm	H2O	documented
during	filling	cystometry.	Pressure	is	transmitted	by	a	fluid	column	to	the	external	pressure	transducer.	A	positive	result	implies	that	the	patient	has	NDO	and	may	be	of	some	use	in	diagnosing	the	cause	of	incontinence	in	patients	with	an	SCI	(Fig.	These	complex	neuronal	interactions	have	led	to	much	controversy	regarding	the	motor	control	of	the
lower	urinary	tract	and	more	recently	regarding	the	sensory	feedback.	Intrinsic	sphincter	deficiency	–	With	ISD	the	sphincter	mechanism	is	weakened	and	therefore	unable	to	resist	the	increases	in	intravesical	119	Urodynamics	Made	Easy	Normal	Bladder	neck	prolapse	Hypermobility	with	coughing	Leakage	Fig.	At	rest	the	urethra	is	closed,	and
therefore	the	urethral	pressure	and	urethral	closure	pressure	are	idealized	concepts	that	represent	the	ability	of	the	urethra	to	prevent	leakage.	An	elevated	PVR	may	represent	obstruction	or	more	commonly	is	a	surrogate	marker	for	detrusor	underactivity,	which	may	be	due	to	several	causes,	including	chronic	BOO,	neurogenic	bladder	or	myogenic
failure.	5.3).	In	all	cases,	precise	measurement	and	complete	documentation	must	be	coupled	with	accurate	analysis	and	critical	reporting	of	the	results.	Pattern	–	particularly	whether	the	flow	is	continuous	or	intermittent.	••	••	Abnormalities	of	bladder	sensation	can	be	broadly	categorized	into:	increased	bladder	sensation	(hypersensitive)	reduced
bladder	sensation	(hyposensitive).	URODYNAMICS	IN	PRACTICE:	HYPERSENSITIVE	BLADDER	•	•	•	•	•	All	patients	who	have	symptoms	suggestive	of	a	hypersensitive	bladder	should	have	a	urine	culture;	if	negative,	a	urodynamic	assessment	is	warranted.	2.3).	As	a	last	resort,	replace	the	measurement	catheter	(may	be	blocked/defective);	if	no
better,	a	transducer	error	(rare)	should	be	suspected.	Examples	include	bending,	changing	posture,	coughing,	jogging	on	the	spot,	running	water,	hand	washing,	heel	bouncing,	star	jumping,	increasing	the	filling	rate	and	using	cooled	filling	fluid	(the	latter	two	examples	need	a	new	fill	cycle	to	commence).	Any	detrusor	activity	prior	to	the	voiding
phase	is	therefore	abnormal	and	termed	as	involuntary	detrusor	activity	(IDA).	The	delay	tends	to	be	longer	in	men	who	void	whilst	standing	compared	to	women	who	void	whilst	sitting.	99	Urodynamics	Made	Easy	during	AUM	studies.	If	they	experience	urgency,	they	should	be	persuaded	to	postpone	voiding	and	to	perform	as	many	of	the	activities
listed	for	the	last	15	to	30	minutes	of	the	test	as	possible	to	detect	leakage.	However,	several	characteristic	uroflowmetry	patterns	have	been	described,	and	whilst	these	may	not	be	specific,	they	give	an	acceptable	indication	of	the	most	likely	pathology	in	the	majority	of	patients	and	allow	empirical	therapy	to	be	instigated	(Table	3.4).	In	the
semilateral/oblique	position,	the	bladder	neck	can	be	differentiated	from	a	dependent	cystocoele,	and	this	position	also	helps	in	the	evaluation	of	the	size	and	functional	significance	of	a	cystocoele.	If	only	hyposensitivity	is	present,	then	the	voiding	phase	should	be	normal;	however,	if	there	is	any	associated	detrusor	underactivity,	then	voiding	may	be
prolonged,	intermittent	and	inefficient	with	no	or	minimal	increase	in	detrusor	pressure	–	a	low-pressure,	low-flow	pattern	(see	Chapter	6).	If	instead	the	intraabdominal	trace	has	changed	synchronously	with	the	intravesical	trace	and	there	is	no	change	in	the	detrusor	pressure,	then	the	activity	emanates	from	outside	the	bladder	and	is	not	due	to
detrusor	activity.	management	to	be	appropriately	directed.	Whilst	standing,	the	greatest	external	pressure	is	placed	on	the	bladder,	and	this	may	be	sufficient	to	provoke	DO.	Observation	of	several	filling–voiding	cycles	is	recommended	to	accurately	define	bladder	and	urethral	abnormalities	–	the	first	voiding	sequence	may	be	altered	by	passing	the
catheter,	which	may	precipitate	or	inhibit	detrusor	overactivity	and	be	unrepresentative	of	the	established	pattern;	suprapubic	catheterization	may	eliminate	this	problem	and	is	routinely	used	by	some	spinal	injury	centres.	This	sudden	change	to	an	isovolumetric	contraction	during	the	stop	test	leads	to	a	characteristic	intravesical	and	detrusor
pressure	spike	(Fig.	Plan	further	investigations	or	therapies.	4.21	Isometric	pressure	contraction	during	a	stop	test.	This	is	performed	by	withdrawing	the	measuring	catheter	mechanically	at	a	constant	speed	(Fig.	••	••	••	•	Fibrotic	contracture	is	often	preceded	by	inflammation,	so	bladder	hypersensitivity	and	contracture	may	coexist.	Immediately
following	the	recording,	any	markers	that	are	required	should	be	placed	on	the	recording.	A	gentle	bimanual	examination	will	identify	152	7	Sensory	disorders	other	pelvic	pathology.	Other	urodynamic	tests	–	Electromyography	measurement	during	pressure/	flow	studies	may	give	an	indication	of	the	pelvic	floor	and/or	sphincter	activity.	When	you
get	the	feeling	that	you	need	to	pass	urine,	suppress	the	urge	until	the	sensation	lessens	or	subsides.	The	rectal	catheter	and	EMG	surface	electrodes	can	be	placed	immediately	before	starting	the	investigation.	All	cases	require	urinalysis	and	culture	to	rule	out	an	active	urinary	tract	infection	or	haematuria.	Following	this,	the	bladder	returns	to	a
state	of	receptive	relaxation.	•	••	•	To	assess	the	urethral	function,	the	patient	can	be	asked	to	increase	his	or	her	intraabdominal	pressure	(usually	by	coughing	or	performing	the	Valsalva	manoeuvre);	on	video	urodynamics	the	leakage	of	contrast	can	be	easily	seen,	as	can	any	associated	hypermobility	of	the	bladder.	For	example,	injury	to	the
pudendal	nerves	may	lead	to	an	incompetent	urethra,	whilst	an	injury	to	the	pelvic	nerves	may	lead	to	an	underactive	detrusor	with	impaired	bladder	sensation	but	with	a	normally	functioning	urethra.	3.4c).	support.	defined	with	a	reason	why	filling	was	stopped	(e.g.	pain,	large	infused	volume,	high	detrusor	end	filling	pressure).	It	is	therefore
impossible	to	determine	from	a	flow	rate	alone	if	voiding	dysfunction	is	due	to	a	detrusor	pathology	or	urethral	pathology	or	from	a	combination	of	problems;	only	pressure/flow	urodynamics	can	differentiate	between	such	conditions.	The	ice	water	test	is	performed	by	instilling	90	mL	of	sterile	ice-cold	water	(4°C)	into	an	empty	bladder	through	a	16-
French	catheter	without	filling	the	catheter	balloon.	Activity	external	to	the	bladder	Activity	from	the	detrusor	Activity	from	the	rectum	Pabd	(cm	H2O)	Pves	(cm	H2O)	Pdet	(cm	H2O)	Fig.	Overactive	cystoplasties	without	obstruction	are	best	treated	by	pharmacotherapy	initially.	Children	ideally	should	be	fully	awake	during	cystometry,	but	in	some
cases	mild	sedation	is	required	to	obtain	useful	information.	••	••	Incontinence	that	occurs	as	a	result	of	a	sphincterotomy	can	be	controlled	by	implanting	an	artificial	urinary	sphincter.	Uroflowmetry	is	nothing	but	measurement	of	the	speed	and	volume	of	urine.	Rectal	catheterization	commonly	stimulates	bowel	evacuation	in	patients	who	have	an
SCI.	Activity	external	to	the	bladder	Intraabdominal	activity	occurs	when	the	patient	coughs,	talks,	performs	Valsalva,	changes	position	or	performs	any	other	physical	activity.	A	variety	of	different	types	of	needle	electrodes	exist,	including	concentric,	bipolar,	monopolar	and	single	fibre.	How	to	interpret	the	trace	In	addition	to	calculating	the
subtracted	detrusor	pressure,	measurement	of	both	the	intraabdominal	and	the	intravesical	pressures	allows	the	urodynamicist	to	easily	determine	if	intravesical	pressure	changes	emanate	from	within	or	external	to	the	bladder	by	monitoring	all	three	pressure	lines.	Suprasacral	spinal	cord	Causes	–	Suprasacral	spinal	cord	disorders	typically	are	due
to	spinal	cord	injury	(SCI)	and	MS.	175	Urodynamics	Made	Easy	Storage	Voiding	Pdet	(cm	H2O)	Flow	rate	Q	(mL/s)	Fig.	When	the	patient	feels	that	voiding	has	ended,	this	phase	ends	and	the	storage	phase	begins	again.	Pressure/flow	cystometry	–	This	testing	will	determine	if	DU	is	present.	AT	THE	END	OF	THE	STUDY	••	••	•	Determine	whether
the	study	needs	to	be	repeated.	Adjust	patient	position;	standing	is	preferable	(many	urodynamicists	stand	the	patient	when	the	first	sensation	of	filling	occurs).	The	maximum	cystometric	capacity	is	often	lower	than	the	calculated	anatomical	capacity	and	depends	on	the	child’s	ability	to	suppress	voiding.	If	more	than	one	abnormality	is	discovered
during	the	study,	the	most	clinically	significant	91	Urodynamics	Made	Easy	Conventional	urodynamic	report	Date	of	study:	Patient	Details	Fill	rate	(mL/min)	Baseline	Pdet	(cm	H2O)	First	sensation	filling	(mL)*	Cystometric	capacity	(mL)*	Compliance	(0	=	normal;	1	=	reduced)	Overactivity	Fill	(0	=	nil;	1	=	phasic;	2	=	nonphasic)	Cough	Posture
Contraction	no.	A	low	maximum	urethral	closure	pressure	(MUCP)	on	this	test	may	be	associated	with	ISD	which	may	in	turn	be	associated	with	a	poor	outcome	with	certain	stress	incontinence	procedures.	You	may	file	by	mail	on	paper	forms	or	online	thorugh	efiling.	What	is	urodynamics?	Often	a	patient	will	be	left	unattended	for	a	considerable
length	of	time	during	an	AUM	study,	and	therefore	it	is	imperative	that	the	quality	of	the	pressure	recording	and	the	subtraction	be	stringently	assessed	at	the	start	by	coughing	and/or	performing	the	Valsalva	in	the	supine,	sitting	and	erect	positions.	A	USCD	is	particularly	valuable	for	assessing	patients	who	may	have	a	raised	PVR	(e.g.	patients	with
suspected	outflow	obstruction	or	a	poorly	functioning	detrusor,	or	if	there	is	suspected	compromised	voiding	after	a	repair	procedure	for	stress	incontinence).	Until	there	is	recovery	of	some	neurological	activity,	the	patient	will	require	either	indwelling	or	intermittent	catheterization.	As	the	pontine	coordination	centres	are	unaffected	by	this	lesion,
detrusor	and	sphincter	function	coordination	are	preserved;	for	this	reason,	patients	with	suprapontine	lesions	usually	do	not	develop	highpressure	neurogenic	bladders.	Urgency	drives	the	other	storage	symptoms.	During	coughing	you	need	to	see	other	lines	too	to	make	complete	diagnosis.	With	experience,	interpreting	these	changes	becomes
second	nature,	but	frequently	interpretation	is	difficult	due	to	multiple	events	occurring	simultaneously	(e.g.	a	detrusor	contraction	and	abdominal	straining).	INDICATIONS	FOR	URODYNAMIC	ASSESSMENTS	Only	a	good	understanding	of	the	various	techniques,	including	their	methodology,	limitations	and	specific	indications,	will	allow	the
clinician	to	choose	an	appropriate	test.	A	large	after-contraction	greater	than	the	original	voiding	contraction	is	shown	on	this	trace.	If	urgency	is	severe	and	the	patient	has	little	warning	or	is	not	able	to	reach	a	toilet	in	time,	then	urgency	incontinence	may	occur.	Any	variations	from	the	usual	test	schedule	should	be	recorded	so	that	the	same
schedule	can	be	used	on	subsequent	occasions.	Indication	and	interpretation	of	urodynamics	The	information	acquired	from	accurately	interpreted	and	well-performed	urodynamic	studies	can	be	used	to:	diagnose	the	underlying	cause	of	the	lower	urinary	tract	dysfunction	characterize	the	lower	urinary	tract	dysfunction	formulate	treatment
strategies	improve	therapeutic	outcomes	educate	patients	regarding	their	condition.	Urethral	recalibration	up	to	42	French	–	may	improve	symptoms	if	there	is	an	associated	urethral	hypersensitivity.	Causes	of	hypersensitivity	include:	idiopathic	bladder	or	urethral	inflammation:	❍	bacterial	cystitis	❍	urethritis	❍	urethral	syndrome	••	151
Urodynamics	Made	Easy	post-irradiation	cystitis	cyclophosphamide	cystitis	❍	chemical	cystitis,	including	ketamine	bladder.	The	patient	drinks	500	mL	of	sodium-free	liquid	within	a	short	period	(maximum	15	minutes),	then	sits	or	rests.	Types	of	electrode	Surface	electrodes	Surface	electrodes	(skin,	anal	plug	and	catheter)	record	total	electrical
output	from	the	muscles	of	the	pelvic	floor	and	are	the	standard	electrodes	used	in	clinical	practice.	However,	in	recent	years	it	has	been	recognized	that	the	sensory	component	of	voiding	function	is	frequently	involved	in	the	pathophysiology	of	common	lower	urinary	tract	disorders	such	as	overactive	bladder	syndrome.	Bulking	agents	(to	increase
urethral	resistance	when	it	is	less	than	that	of	the	intravesical	pressure	at	rest)	Sphincter	cell	injection	therapies	(currently	at	an	investigative	stage	–	therapies	to	regenerate	the	sphincteric	cells	in	those	with	a	relative	degree	of	ISD)	Surgery:	❍	open	suspension	procedures	(to	elevate	the	bladder	neck	to	a	position	where	intraabdominal	pressure
transmission	is	identical	to	that	transmitted	to	the	bladder)	❍	sling	procedures	(to	restore	the	suburethral	‘hammock	support’):	▪	autologous	▪	xenograft	▪	cadaveric	(allograft).	Video	urodynamics	Video	urodynamics	provides	a	more	comprehensive	evaluation,	especially	in	patients	who	have	neurogenic	bladder	dysfunction,	bladder	outflow
obstruction	and	incontinence.	••	••	•	Volume	voided	Flow	rate	(Q)	(mL/s)	Average	=	flow	rate	Volume	voided	Flow	time	Maximum	flow	rate	(Q	max)	Time	(s)	Time	to	maximum	flow	Flow	time	Fig.	Therefore	the	intravesical	trace	will	be	unaffected	by	the	rectal	contractions.	Two	leak	point	pressures	have	been	defined	by	the	ICS.	3	Urodynamics	Made
Easy	URODYNAMICS	IN	PRACTICE	•	•	•	•	Urodynamics:	can	only	be	interpreted	in	association	with	a	comprehensive	history	and	examination	of	the	patient,	where	they	are	valuable	adjuncts	in	the	investigation	of	patients	who	have	lower	urinary	tract	symptoms/lower	urinary	tract	dysfunction	has	become	synonymous	with	pressure/flow	studies,
with	most	clinicians	referring	to	either	cystometry	or	video	cystometry	is	an	objective	functional	test	of	bladder	and	urethral	function	(and	may	provide	some	associated	structural	information)	may	help	indicate	the	most	appropriate	therapy.	It	must	also	be	remembered	that	any	alteration	in	the	urinary	stream	after	the	urine	leaves	the	meatus	may
alter	the	flow	and	introduce	artefacts.	Detrusor	contraction	(voluntary	or	involuntary)	Rectal	contraction	(voluntary	or	involuntary)	Raised	Raised	Unchanged	Unchanged	Raised	Raised	Raised	Unchanged	Lowered	Interpreting	changes	in	pressure.	Often	during	the	filling	phase,	there	is	a	reduction	in	the	volumes	at	which	bladder	sensations,	such	as
the	first	sensation	of	filling,	occur	and	the	maximum	cystometric	capacity	is	also	reduced,	giving	the	urodynamic	appearance	of	bladder	hypersensitivity.	This	is	also	very	helpful	in	determining	the	presence	of	BOO	or	a	poorly	contractile	detrusor	muscle.	Prophylactic	antibiotics	may	play	a	role	in	patients	with	recurrent	UTIs,	allowing	the	study	to	be
performed	when	the	urine	is	sterile	or	the	patient	is	asymptomatic.	4.24).	CISC,	Clean	intermittent	selfcatheterization;	IVU,	intravenous	urogram.	Ice	water	test	Cold	temperature	provokes	the	bladder	and	increases	detrusor	activity.	If	voiding	cannot	be	postponed,	the	test	is	terminated.	The	PVR	can	also	be	roughly	estimated	(with	experience)	by
screening	following	voiding	during	video	urodynamics	to	assess	the	final	volume	remaining	in	the	bladder.	The	detrusor	pressure	only	rises	minimally	(or	not	at	all	if	acontractile)	with	a	corresponding	low	flow	rate	(low-pressure,	low-flow	voiding).	In	most	patients	the	EMG	recorded	from	the	three	sites	is	similar,	but	in	some	neurological	disorders,
particularly	demyelinating	disease	and	partial	cauda	equina	lesions,	there	may	be	significant	differences	between	the	recordings.	••	••	PATTERNS	OF	NEUROGENIC	DYSFUNCTION	Although	each	individual	patient	will	have	a	unique	pattern	of	lower	urinary	tract	dysfunction	and	require	an	individual	management	plan,	the	site	of	the	lesion	gives	an
indication	of	the	likely	pattern	of	the	dysfunction.	URODYNAMICS	IN	PRACTICE:	DETRUSOR	UNDERACTIVITY	AND	OUTLET	RESISTANCE	••	•	It	must	be	remembered	that	a	normal	detrusor	contraction	will	be	recorded	as:	high	pressure	if	the	outlet	is	obstructed	normal	pressure	if	there	is	normal	outlet	resistance	low	pressure	if	there	is	low	outlet
resistance.	The	result	will	be	a	weak	detrusor	contraction	coupled	with	a	poor	flow	rate,	prolonged	voiding	and	raised	postvoid	residual	(PVR);	often	the	patient	uses	abdominal	straining	to	aid	voiding	(low-pressure,	low-flow	voiding).	A	postvoiding	scan	is	taken	as	soon	after	voiding	as	possible	to	provide	accurate	assessment	of	the	true	bladder
postvoid	residual	volume.	Form	1	is	the	general	individual	income	tax	return	for	Massachusetts	state	residents.	Involuntary	storage	reflexes	Several	involuntary	reflexes	exist,	which	are	mainly	located	in	the	lumbosacral	spinal	cord.	Voiding	diaries	give	an	indication	of	the	voiding	pattern	and	the	severity	of	symptoms,	and	they	add	objectivity	to	the
history.	Cystometry	Filling	using	5	to	8	French	urethral	catheters	or	feeding	tubes	is	recommended.	Note	that	1	g	is	equal	to	1	mL,	and	therefore	an	increase	in	weight	of	the	collection	device	(pad)	by	10	g,	for	example,	is	equal	to	urinary	incontinence	of	10	mL.	The	prolapsing	bladder	is	clearly	visible.	7.1	Algorithm	for	the	management	of
hypersensitive	bladder	disorders.	the	cause	of	the	increased	pressure:	❍	cough	❍	Valsalva.	THE	URETHRA	AND	SPHINCTERIC	MECHANISMS	The	urethra	has	two	main	functions:	1.	Elapsed	time	from	onset	of	flow	to	maximum	flow	rate	Urodynamic	parameters	measured	by	uroflowmetry.	•	••	••	•	The	symptoms	are	usually	chronic,	often	with	a
history	of	previous	probable	urinary	tract	infections;	however,	urine	cultures	frequently	have	not	been	performed	or	the	urine	has	been	found	to	be	sterile.	The	increase	in	pressure	can	be	phasic	or	continuous	.	The	main	concerns	with	urethral	pressure	measurements	are	as	follows:	The	results	obtained	are	extremely	susceptible	to	experimental
artefacts	and	the	patient’s	degree	of	relaxation.	Then	two	catheters	are	used	one	placed	in	bladder	and	one	in	vagina	or	rectum	.	•	•	•	Pdet	(cm	H2O)	Pressure	at	maximum	flow	rate	Maximum	pressure	Opening	pressure	Closing	pressure	Premicturition	pressure	Flow	rate	Q	(mL/s)	Maximum	flow	rate	Opening	time	Time	Fig.	Pressure/flow	cystometry
should	be	used	when	a	patient	has	been	refractory	to	empirical	therapy	to	confirm	the	presence	of	DO	before	proceeding	to	further	treatment.	It	is	probable	that	there	is	also	an	underlying	decrease	in	bladder	compliance,	with	the	detrusor	contractions	‘superimposed’	on	this.	Therefore,	if	the	presence	of	DO	has	answered	the	‘urodynamic	question’,
then	there	is	no	need	to	significantly	delay	entering	the	voiding	phase	of	the	study,	as	little	additional	information	is	likely	to	be	gained.	CLINICAL	NOTES:	TERMINAL	DETRUSOR	OVERACTIVITY	•	•	•	76	Frequently,	as	the	patient	with	detrusor	overactivity	reaches	bladder	capacity,	he	or	she	has	an	involuntary	detrusor	contraction	(usually
sustained	and	of	high	amplitude	compared	to	previous	contractions	during	the	filling	phase).	The	storage	and	voiding	phases	should	be	identified	during	the	trace,	and	any	markers	should	be	correlated	to	these.	4	1	Clinical	evaluation	of	the	lower	urinary	tract	TERMINOLOGY:	LOWER	URINARY	TRACT	SYMPTOMS	Storage	symptoms	Increased
daytime	frequency:	the	complaint	by	the	patient	who	considers	that	he	or	she	voids	too	often	by	day	(this	term	is	equivalent	to	the	term	pollakisuria	used	in	many	countries).	In	addition,	patients	with	hypersensitive	painful	bladders	often	demonstrate	high	urethral	closure	pressures	at	rest	and	during	voiding,	increased	electromyography	activity	with



voiding	and	high	voiding	pressures.	38	3	Urodynamic	procedures	Method	and	standardization	Ensure	that	the	patient	has	a	subjectively	full	bladder	before	carrying	out	the	study	to	provide	a	representative	result.	This	delay	is	variable	and	is	dependent	on	the	equipment	being	used	and	how	it	is	set	up.	5.9).	27	Urodynamics	Made	Easy	Practical
points	•	••	•	•	•	•	The	total	weight	of	urine	lost	during	the	test	period	is	taken	to	be	equal	to	the	gain	in	weight	of	the	collecting	device(s).	In	many	cases,	several	investigations	may	be	necessary	to	answer	all	clinical	questions,	or	further	investigations	may	be	required	if	the	first	investigation	was	unhelpful	or	presents	a	new	avenue	for	investigation.
Activity	emanating	from	the	bladder	Detrusor	contractions	emanating	from	the	bladder	and	during	the	filling	phase,	if	involuntary,	are	a	sign	of	DO,	whilst	during	voluntary	voiding	they	are	uninhibited	and	therefore	normal.	AUM	overcomes	many	of	these	limitations	by	providing	a	more	physiological	assessment	of	the	patient’s	condition.	❍	Pad
testing	provides	an	excellent	objective	outcome	measure.	Normally,	it’s	a	bell	shaped	curve.	Insert	an	intraabdominal	measuring	line	with	the	patient	in	the	left	lateral	position;	ensure	that	a	slit	is	cut	in	the	rectal	balloon.	They	have	a	role	in	delaying	micturition,	inhibiting	premature	detrusor	contractions	and	initiating	voiding	at	an	appropriate	time.
pontine	(brainstem)	3.	Patients	also	record	waking/retiring	time	to	allow	calculation	of	nocturia.	Changing	patient	position	(i.e.	to	the	standing	position)	may	similarly	trigger	DO.	If	this	is	associated	with	leakage,	then	it	must	be	differentiated	from	stress	urinary	incontinence;	in	both	conditions,	there	is	leakage	associated	with	coughing.	The	EMG
electrodes	can	be	placed	on	the	pelvic	floor	or	on	the	abdominal	muscles.	Video	screening	will	not	only	determine	if	incontinence	or	vesicoureteric	reflux	is	present	but	also	usually	shows	that	the	bladder	is	small	and	unusually	spherical	in	appearance	(Fig.	Underlying	mechanisms	of	storage	symptoms	are	diverse	and	often	related	to	a	significant	PVR
urine	volume.	80	4	Pressure/flow	cystometry	Detrusor	leak	point	pressure	(DLPP)	–	This	is	the	lowest	detrusor	pressure	at	which	urine	leakage	occurs	in	the	absence	of	either	a	detrusor	contraction	or	increased	intraabdominal	pressure.	If	involuntary	leakage	is	observed	during	increased	abdominal	pressure,	in	the	absence	of	a	detrusor	contraction
during	a	urodynamic	assessment,	then	the	patient	is	described	as	having	urodynamic	stress	incontinence.	An	exaggerated	flow	rate	or	‘fast	void’	may	be	seen	in	patients	with	significant	urethral	insufficiency.	Prior	to	performing	invasive	urodynamics,	a	voiding	diary	will	give	an	estimate	of	the	bladder	capacity,	and	this	information	should	be	used	to
prevent	overfilling	during	the	assessment.	Urodynamics	following	cystoplasty	Enterocystoplasty	is	a	major	operative	treatment	for	bladder	dysfunction	such	as	intractable	detrusor	overactivity,	painful	bladder	syndrome/interstitial	cystitis,	post-irradiation	fibrosis,	post–ketamine	abuse	bladder	and	tuberculosis.	••	•	Detrusor	function	during	the
storage	phase	Normal	detrusor	function	–	During	the	storage	phase	the	bladder	should	be	relaxed	and	compliant	to	bladder	filling	with	little	or	no	change	in	detrusor	pressure.	Perform	physical	examination	if	necessary.	4	Pressure/flow	cystometry	•	•	•	In	this	situation	it	is	incorrect	to	interpret	the	voiding	pressures,	as	patients	may	be	misdiagnosed
(e.g.	erroneously	diagnosed)	with	obstruction	in	addition	to	detrusor	overactivity.	The	pre-micturition	pressure	is	normally	less	than	10	cm	H2O.	••	•	Detrusor	function	during	the	voiding	phase	Normal	detrusor	function	–	Normal	voiding	is	achieved	by	a	voluntary	continuous	detrusor	contraction	which	leads	to	complete	emptying	of	the	bladder	within
an	acceptable	time	span.	(b)	‘Trapping’	of	urine	within	the	prostatic	urethra	due	to	bladder	neck	obstruction	when	the	patient	voluntarily	inhibits	voiding	is	shown.	Urodynamic	techniques	are	objective	investigations	developed	to	clarify	these	symptoms.	4.26);	this	device	is	connected	to	the	catheters/transducers	and	records	the	pressure	readings.
Voiding	diaries	must	not	be	overinterpreted	but	should	be	used	in	combination	with	other	forms	of	urodynamic	and	urological	assessment	(Table	3.3).	Such	a	terminal	contraction	is	often	associated	with	significant	urgency,	and	the	patient	often	becomes	increasingly	uncomfortable.	Bladder	capacity	Cystometric	capacity	–	This	is	the	bladder	volume
at	the	end	of	the	storage	phase	when	permission	to	void	is	given	and	the	investigation	moves	into	the	voiding	phase.	The	cause	may	be	idiopathic	or	neurogenic.	You	could	be	right.	3.	In	recent	years	it	has	been	recognized	that	stretch	of	the	urothelium	can	also	lead	to	the	nonneuronal	release	of	several	mediators,	such	as	acetylcholine,	nitric	oxide
and	adenosine	triphosphate.	A	complete	lumbosacral	lesion	may	cause	an	overactive	detrusor	with	an	incompetent	urethra.	URODYNAMICS	IN	PRACTICE:	URETHRAL	PRESSURE	MEASUREMENT	TECHNIQUES	•	Perfusion	method	42	The	perfusion	method	first	described	by	Brown	and	Wickham	is	most	widely	used	and	is	the	measurement	of	the
pressure	needed	to	perfuse	a	catheter	at	a	constant	rate	(see	Fig.	Mechanical	obstruction	in	boys	may	be	due	to	urethral	valves,	phimosis	or	meatal	stenosis,	and	in	girls	it	may	be	due	to	urethral	stenosis.	Therefore	patients	with	previously	unrecognized	detrusor	underactivity	may	have	a	very	low	outlet	resistance,	as	may	occur	if	the	sphincteric
mechanisms	are	impaired.	MCC,	Maximum	cystometric	capacity;	VUR,	vesicoureteric	reflux.	During	cystometry,	under	normal	circumstances	the	bladder	should	fill	to	a	capacity	of	approximately	500	mL	before	there	is	a	strong	desire	to	void.	The	trace	shows	neurogenic	detrusor	overactivity	associated	with	an	incompetent	urethral	mechanism.	The
techniques	as	yet	cannot	definitively	differentiate	intrinsic	sphincteric	deficiency	(ISD)	from	other	disorders	(see	Chapter	5).	During	the	voiding	phase	the	patient	should	be	in	the	position	in	which	he	or	she	usually	voids	(commonly	standing	for	men	and	sitting	for	women).	If	DO	is	detected,	then	the	volume	at	which	the	contraction	occurred	should	be
recorded,	as	should	the	rise	in	amplitude	above	the	baseline	(Fig.	hypogastric	2.	Urethral	function	during	the	voiding	phase	Normal	urethral	function	–	During	the	voiding	phase	the	urethra	should	open	and	be	continuously	relaxed	to	allow	the	bladder	to	be	emptied	at	normal	intravesical	pressures.	7	Urodynamics	Made	Easy	THE	URINARY	BLADDER
••	The	bladder	is	a	hollow,	muscular	organ.	Treatment	strategies	for	NDO	include:	anticholinergics	botulinum	toxin	therapy	to	the	bladder	neuromodulation	bladder	surgery	(i.e.	augmentation).	(b)	Fast	bladder	–	an	exaggeration	of	normal	associated	with	high	pre-micturition	pressure	and	seen	in	cases	of	detrusor	overactivity.	If	during	free	flow
uroflowmetry	a	PVR	is	not	demonstrated,	then	any	raised	PVR	during	the	urodynamic	assessment	can	be	considered	as	an	artefact	due	to	the	artificial	circumstances	of	the	test	and	the	presence	of	an	in	situ	urethral	catheter.	The	use	of	this	technique	remains	contentious.	Splitting	or	spraying:	description	of	the	urine	stream	(as	split	or	spraying
rather	than	a	single	discrete	stream).	As	urine	accumulates,	the	electrical	capacitance	of	the	dipstick	changes,	allowing	calculation	of	the	rate	of	fluid	accumulation	and	hence	the	flow	rate.	The	diagram	shows	the	three	common	patterns:	activity	external	to	the	bladder	(intraabdominal	activity),	activity	emanating	from	the	bladder	(detrusor	activity)
and	activity	from	the	rectum.	The	transducers	should	be	calibrated	before	the	investigation	and	should	be	zeroed	to	atmospheric	pressure.	Today	I	will	try	to	make	urodynamics	as	simple	as	possible	and	concentrate	more	from	the	exam	point	of	view.	In	particular,	troublesome	symptoms	should	be	correlated	to	the	recorded	findings	to	try	to
determine	the	pathophysiology	of	the	symptoms.	In	addition,	supine	may	be	the	only	practical	position	for	filling	in	certain	patients,	such	as	those	with	neurological	dysfunction	or	very	small	children.	Mixed	urinary	symptoms:	involuntary	leakage	associated	with	exertion,	effort,	sneezing	or	coughing;	combined	with	urgency	but	not	urge(ncy)
incontinence.	Uroflowmetry	In	general	the	usefulness	of	uroflowmetry	in	the	evaluation	of	paediatric	voiding	dysfunction	is	limited	because	flow	rates	vary	with	age,	sex	and	181	Urodynamics	Made	Easy	volume	voided,	preventing	the	establishment	of	standard	values.	3.7	Urethral	pressure	profilometry	using	the	perfusion	method.	Urgency:	a	sudden
compelling	desire	to	pass	urine	which	is	difficult	to	defer.	The	explanation	for	these	apparent	differences	between	AUM	and	conventional	urodynamics	may	relate	to	the	circumstances	associated	with	the	ambulatory	test.	Clinical	features	can	include:	daytime	frequency	–	a	prominent	symptom	for	which	bladder	pain	rather	than	impending
incontinence	is	the	trigger	urgency	–	but	rarely	associated	with	incontinence	bladder	pain	–	usually	relieved	by	voiding	dysuria	dyspareunia	–	a	common	symptom	haematuria	–	requires	full	investigation	of	both	the	lower	and	upper	urinary	tracts.	This	is	commonly	seen	associated	with	the	overactive	bladder	syndrome.	Beta-3	agonist	therapy:	❍
Mirabegron	(oral).	It	is	often	helpful	to	record	the	data	obtained	on	a	standard	proforma,	and	this	can	be	useful	when	interpreting	the	results	and	writing	the	study	report	(Fig.	In	addition,	incomplete	lesions	can	result	in	NDO	and	high-pressure	neurogenic	bladders.	The	prostatic	smooth	muscle	is	controlled	by	the	sympathetic	nervous	system,	using
noradrenaline	as	the	neurotransmitter	to	act	upon	α1aadrenoceptors	located	on	the	smooth	muscle	cells;	the	resulting	contraction	increases	the	bladder	outlet	resistance	and	further	aids	continence	in	the	male.	4.25).	Idiopathic	hyposensitivity	predominantly	affects	female	patients	with	no	other	lower	urinary	tract	pathology	(and	who	commonly
report	‘holding’	urination);	this	condition	is	sometimes	referred	to	as	‘camel	bladder’.	Perform	a	quality	control	cough	and	repeat	every	1	minute	(and	before	and	after	any	events).	Characteristic	flow	patterns	Normal	–	An	easily	distensible	bladder	outlet	with	a	normal	detrusor	contraction	results	in	a	smooth	bell-shaped	curve	with	a	rapid	rise	to	a
high	amplitude	peak	(Qmax).	The	procedure	should	be	reserved	for	situations	where	conventional	pressure/flow	studies	have	failed	to	explain	or	reproduce	the	symptoms	and	where	further	knowledge	of	the	function	of	the	lower	urinary	tract	is	likely	to	aid	subsequent	management.	5.5)	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	Increased	daytime	frequency,
usually	>8	times	daily	Nocturia	Reduced	voided	volumes	with	variable	amounts	Urgency,	if	recorded	Incontinence	associated	with	urgency,	if	present	and	recorded	>1.4-g	increase	in	weight	Possible	exaggerated	flow	rate	due	to	high	voiding	pressures	Detrusor	overactivity	during	the	filling	phase,	often	associated	with	urgency	and	incontinence
Reduced	volumes	at	which	first	sensation,	first	desire	and	strong	desire	occur	Possible	poor	compliance	Reduced	maximum	cystometric	capacity	High	pre-micturition	pressure	Fast	opening	time	High	flow	rate	with	rapid	emptying	Time	to	maximum	flow	is	reduced	(often	50	cm	H2O),	rarely	possible	to	perform	due	to	the	force	of	the	detrusor
contraction	After	contraction	(unknown	significance)	Trabeculation	of	the	bladder	and	occasionally	diverticula	during	screening	(video	urodynamics)	Vesicoureteric	reflux	in	association	with	high	detrusor	pressures	(both	with	DO	and	during	voiding)	during	video	urodynamics	screening	(rare)	Table	5.1	Possible	findings	during	urodynamic	testing	of
patients	with	overactive	bladder	or	urgency	incontinence.	••	Performing	an	AUM	study	AUM	assessments	should	only	be	performed	by	those	experienced	in	performing	conventional	pressure/flow	cystometry.	They	are	also	useful	to	confirm	the	existence	of	nocturnal	polyuria.	Is	this	overactivity	associated	with	outflow	obstruction?	In	severe	cases
there	may	be	almost	no	bladder	sensation,	and	thus	voiding	needs	to	be	initiated	without	any	desire	to	micturate	‘by	the	clock’.	Position	of	the	patient	when	voiding	–	should	be	noted	(e.g.	sitting,	standing,	supine).	DO	is	thought	to	be	the	underlying	cause	for	the	symptom	of	urgency	which	drives	the	other	symptoms	in	OAB	and	which	may	cause
urgency	incontinence.	Nonspecific	bladder	sensation:	individual	reports	no	specific	bladder	sensation	but	may	perceive	bladder	filling	as	abdominal	fullness	or	spasticity	(most	frequently	seen	in	neurological	patients).	The	flow	rate	pattern	may	be	similar	to	the	pattern	seen	in	BOO	where	there	may	also	be	a	raised	PVR,	and	it	is	impossible	to	be	sure
if	voiding	dysfunction	is	due	to	DU	or	BOO	based	on	this	test.	If	correctly	functioning,	each	junction	only	permits	antegrade	urinary	flow	and	contains	a	mechanism	to	prevent	retrograde	transmission	of	urine	back	into	the	ureters	from	the	bladder.	As	with	all	practical	skills,	there	is	a	learning	curve,	with	the	interpretation	becoming	easier	with
increasing	experience.	It	must	be	remembered	that	patients	with	neurogenic	bladder	dysfunction	also	suffer	from	the	same	lower	urinary	tract	disorders	as	the	rest	of	the	population	(e.g.	bladder	outflow	obstruction	related	to	the	prostate),	and	these	conditions	may	further	complicate	assessment	and	management.	Value	estimates	of	pooled	data.
There	are	extensive	interactions	at	all	levels	(not	shown).	Poor	subtraction	and	dampening	A	urodynamic	study	may	be	difficult	to	interpret	if	subtraction	is	poor	due	to	dampening.	The	flow	pattern	must	be	described	when	flow	time	and	average	flow	rate	are	measured.	Prostate	gland	The	prostate	is	made	up	of	smooth	muscle	and	glandular	tissue,
with	the	proportion	of	smooth	muscle	being	increased	in	benign	prostatic	hyperplasia.	Lamina	propria	–	this	lies	immediately	beneath	the	urothelium	and	superficial	to	a	layer	of	loose	connective	tissue.	Pressures	measured	whilst	voiding	are	the	fluid	pressures	in	the	urethra	and	not	the	urethral	pressure.	The	techniques	as	yet	cannot	establish	the
severity	of	the	condition.	stress)	is	recorded	to	document	the	frequency	of	stress	116	5	Storage	disorders	and	incontinence	incontinence	episodes.	Dysfunctional	voiding	–	This	is	an	intermittent	and/or	fluctuating	flow	rate	due	to	involuntary	intermittent	contractions	of	the	periurethral	striated	muscle	during	voiding	in	neurologically	normal	patients.
Unfortunately,	there	is	no	consensus	regarding	how	best	to	assess	for	ISD,	with	advocates	for	physical	examination	(Q-tip	test),	video	urodynamics,	urethral	pressure	measurements	and	ALPP	measurements	(ALPP	>100	cm	H2O	is	unlikely	to	be	ISD;	ALPP	200–300	mL).	Usually	they	don’t	over	complicate	it	and	ask	simple	ones	.It’s	either	stress
incontinence	or	urge	incontinence	If	it’s	stress	incontinence	–	the	P-	abd	will	be	raised	as	she	is	coughing.	Compliance	ðmL=cm	H2	OÞ	¼	change	in	volume	ðΔVÞ	change	in	detrusor	pressure	ðΔPdet	Þ	Calculation	of	compliance	requires	two	standard	points	to	be	chosen	on	the	trace.	Urodynamics	in	bladder	hypersensitivity	The	diagnosis	of	a
hypersensitive	bladder	is	one	of	exclusion,	relying	particularly	on	the	exclusion	of	intravesical	pathology,	especially	overt	malignancy	or	carcinoma	in	situ.	❍	artificial	urinary	sphincter	(AUS),	which	can	be	useful	in	ISD.	A	cutoff	of	40	cm	H2O	has	been	suggested	as	the	threshold	for	concern	regarding	potential	effects	on	the	upper	tracts	but	is	not	an
absolute	value,	as	lower	pressures	can	also	result	in	upper	tract	dysfunction.	The	authors	believe	that	the	true	clinical	value	or	‘art’	of	urodynamics	is	in	applying	the	objective	findings	of	a	well-executed	study	to	the	individual	patient,	taking	into	consideration	subtleties	in	the	history	and	physical	examination	that	may	be	clinically	important.	This
region	contains	the	trigone,	which	is	a	small	triangular	muscular	area	between	the	two	ureteric	orifices	and	the	bladder	neck	and	contains	a	complex	plexus	of	nerves.	This	is	probably	a	normal	finding	and	is	common	in	continent	females.	Urodynamics	is	particularly	of	benefit	in	objectively	identifying	functional	abnormalities	of	the	lower	urinary
tract,	such	as	those	of	urinary	incontinence	and	BOO.	It	is	important	to	monitor	these	patients	carefully	to	check	that	they	do	not	develop	silent	‘chronic	retention’	with	increasing	PVRs.	Alpha-adrenergic	antagonists	–	The	success	of	alpha-adrenergic	antagonists	in	improving	the	efficiency	of	voiding	is	limited,	but	empirical	therapy	may	be	of	benefit.
URODYNAMICS	FOR	NEUROGENIC	BLADDER	DISORDERS	In	the	management	of	neurogenic	lower	urinary	tract	function,	there	are	two	goals.	Nocturnal	enuresis:	loss	of	urine	occurring	during	sleep	(an	involuntary	symptom,	as	opposed	to	nocturia,	which	is	a	voluntary	and	conscious	symptom).	160	8	↓	First	sensation	±	Hypocompliance	±	Bladder
pain	↓	Capacity	↓	Voiding	pressure	±↓	Flow	rate	Pdet	(cm	H2O)	The	contracted	bladder	Small	capacity	±	Open	bladder	neck	±	Vesicoureteral	reflux	±	Stress	incontinence	±	Residual	Poor	compliance	Hypocontractile	detrusor	Flow	rate	Q	(cm	H2O)	Storage	Voiding	Fig.	••	••	•	••	The	most	frequently	performed	tests	are	FVC/bladder	diaries,
uroflowmetry	and	pressure/flow	studies.	Urgency	marker	Pabd	(cm	H2O)	Pves	(cm	H2O)	Duration	Pdet	(cm	H2O)	Rise	in	amplitude	Cough	Flow	rate	Q	(mL/s)	Leakage	Volume	infused	(mL)	Start	of	contraction	Fig.	NEUROGENIC	BLADDER	DYSFUNCTION:	PRACTICAL	POINTS	•	•	•	••	176	Detrusor	sphincter	dyssynergia	is	a	pathognomonic	feature
of	suprasacral	spinal	cord	neurogenic	bladder	dysfunction.	Record	voiding	parameters,	including	maximum	detrusor	pressure,	maximum	flow	rate,	detrusor	pressure	at	maximum	flow	rate	and	volume	voided.	Just	prior	to	voiding,	the	urethral	musculature	should	relax	and	electrical	silence	during	EMG	monitoring	is	seen	(Appendix	3,	example	trace
1).	If	DO	is	detected,	it	should	be	ascertained	if	there	is	associated	urgency	and	if	the	urgency	sensation	is	the	same	as	the	troublesome	symptom	that	the	patient	normally	experiences.	Many	questions	remain	to	be	answered,	but	it	is	increasingly	clear	that	the	sensory	mechanisms	are	the	principal	target	of	contemporary	pharmacotherapy	and
neuromodulatory	treatment	(e.g.	sacral	neuromodulation	and	posterior	tibial	nerve	stimulation).	The	addition	of	uroflowmetry	also	provides	a	comprehensive	assessment	of	the	lower	urinary	tract,	including	an	estimation	of	the	prevoid	bladder	volume	and	the	PVR.	There	is	no	consensus	on	the	diagnostic	criteria;	however,	many	would	consider	a
BOOI	less	than	20	and	a	bladder	contractility	index	(BCI)	less	than	100	diagnostic,	where	the	BCI	¼	[email	protected]	+	(5Qmax).	If	suppositories	or	rectal	solutions	are	used,	urodynamics	should	be	delayed	until	there	is	a	bowel	action.	Discuss	findings	with	the	patient.	The	condition	tends	to	occur	in	patients	with	a	suprasacral	neurological	lesion
(see	Chapters	6	and	9).	CHAPTER	8	The	contracted	bladder	INTRODUCTION	Bladder	contracture	is	the	end	stage	of	chronic	inflammatory	disorders	of	the	bladder	or	results	from	the	treatment	of	carcinoma	such	as	that	which	occurs	following	radiotherapy.	The	bladder	must	cease	to	relax	and	instead	contract,	with	13	Urodynamics	Made	Easy	Fig.
Pelvic	floor	muscles	In	females	the	pelvic	floor	muscles	also	have	an	important	role	in	maintaining	continence.	The	ICS	suggests	the	following	two	standard	points	of	measurement:	1.	Frequently,	however,	the	patient	may	have	equivocal	symptoms	or	the	condition	may	not	respond	to	initial	107	Urodynamics	Made	Easy	a	b	Fig.	Autonomic	dysreflexia
Autonomic	dysreflexia	is	the	exaggerated	sympathetic	output	that	occurs	in	response	to	a	noxious	autonomic	stimulus	below	the	level	of	injury	in	patients	who	have	SCIs	above	T6.	The	current	International	Continence	Society	definition	of	stress	incontinence	is	‘the	complaint	of	involuntary	leakage	on	effort	or	exertion,	or	on	sneezing	or	coughing’.
CLINICAL	NOTES:	PATIENT	EVALUATION	OF	STORAGE	DISORDERS	AND	INCONTINENCE	••	••	••	•	••	••	••	•	••	••	••	•	••	History	Storage	symptoms	Factors	that	induce	leakage	Pad	usage	and	volume	leaked	Coping	mechanisms	Obstetrical	history	Drug	therapy	including	previous	treatments	Surgical	history	Physical	examination	Palpable
enlargement	of	the	bladder	postvoid	residual	volume	Stress	incontinence	on	coughing	(preferably	when	the	bladder	is	full)	Pelvic	organ	prolapse	on	coughing/Valsalva	Urethral	mucosal	prolapse	Introital	atrophy	Pelvic	floor	muscle	tone	Abnormal	neurology	Investigations	Urinalysis	Postvoid	residual	Pad	testing	Bladder	diary	Must	exclude	Urinary
tract	infections	Other	significant	lower	urinary	tract	abnormalities	such	as	bladder	carcinoma	or	calculi	(a	urine	sample	should	always	be	assessed	for	the	presence	of	haematuria,	pyuria	or	infection)	Chronic	retention	with	overflow	incontinence	OAB	can	be	further	categorized	as:	OAB-dry,	where	there	is	no	associated	urinary	incontinence	OAB-wet,
where	there	is	associated	urgency	urinary	incontinence.	The	patient	should	at	least	have	annual	urodynamic	assessments,	postvoid	residual	and	kidney	function	tests	performed	and	should	be	followed	up	according	to	recognized	guidelines,	such	as	those	produced	by	the	International	Consultation	on	Incontinence	(ICI).	The	proximal	sphincter	in	the
male	bladder	neck	provides	a	powerful	mechanism	in	both	maintaining	urinary	continence	and	preventing	retrograde	ejaculation	of	semen	during	sexual	activity.	Common	helpful	distracters	include	movies,	television,	games,	toys	and	favourite	treats.	The	occurrence	of	associated	urgency	should	be	documented	on	the	trace.	Ultrastructurally,	the
bladder	neck	mechanism	consists	of	a	powerful	inner	layer	of	muscle	bundles	arranged	in	a	circular	orientation.	The	emphasis	of	this	book	is	on	the	ethos	behind	the	practice	of	urodynamics	and	how	this	needs	to	be	integrated	into	the	evaluation	of	all	patients	with	lower	urinary	tract	symptoms.	They	should	be	used	in	patients	suspected	from	their
history	to	have	detrusor	overactivity	but	who	have	not	demonstrated	any	involuntary	detrusor	contractions	during	the	storage	phase.	Uroflowmetry	may	therefore	be	normal	in	the	presence	of	BOO.	These	include:	storage:	❍	incontinence:	▪	urgency	incontinence	(most	frequent)	▪	overflow	incontinence	▪	other	causes	of	incontinence	❍	nocturnal
enuresis	(NE)	voiding:	❍	functional	obstruction	❍	mechanical	obstruction.	Infusion	rates	depend	on	the	cystometric	capacity,	which	is	dependent	on	age.	Pattern	of	dysfunction	–	A	variety	of	patterns	of	dysfunction	are	seen	depending	on	the	level	of	the	lesion	and	the	extent	of	the	denervation.	Many	women	with	SUI	alter	their	behaviour	to	try	to	cope
better	with	the	condition.	Video	urodynamics	–	This	is	useful	to	determine	if	there	is	any	reflux	of	contrast	to	the	upper	tract	at	any	point	during	the	study	and	may	also	show	hydronephrosis	if	there	is	any	upper	tract	dilatation.	This	could	be	because	of	a	bladder	outlet	obstruction	or	a	hypotonic	bladder.	Note	the	rise	in	intravesical	activity	which	is
mirrored	in	the	detrusor	trace.	CONCLUSIONS	A	broad	understanding	of	lower	urinary	tract	function	and	its	control	is	vital	to	accurately	interpret	urodynamic	investigations	and	to	understand	the	pathophysiology	and	treatment	of	urinary	tract	disorders	such	as	incontinence,	bladder	outflow	obstruction	and	neurogenic	dysfunction.	This	results	in	an
obstruction	to	flow	with	high	intravesical	pressure.	VOIDING	PHASE	••	••	••	••	••	••	Ensure	that	the	patient	coughs	prior	to	voiding.	often	provide	important	feedback	to	the	practitioner	and	patient	so	that	they	can	objectively	evaluate	the	effectiveness	of	any	therapy.	2.4	Prolapse	of	the	bladder	neck.	The	study	report	should	be	comprehensive	and
should	state	if	the	patient’s	symptoms	were	reproduced	during	the	study.	Current	Urology	Reports.	Using	the	same	principles	used	during	conventional	pressure/flow	studies,	the	function	of	both	the	bladder	and	the	urethra/bladder	outlet	should	be	determined	during	both	the	storage	and	the	voiding	phases.	The	bladder	wall	is	composed	of	four
distinct	layers	and	includes	highly	metabolically	active	urothelial	and	suburothelial	layers.	Others	resort	to	wearing	incontinence	pads	or	sanitary	towels.	If	you	are	author/publisher	or	own	the	copyright	of	this	documents,	please	report	to	us	by	using	this	DMCA	report	form.	Causes	of	fibrotic	contracture	include:	prior	bladder	carcinoma	treated	by
multiple	resections	surgery	radiation	therapy	tuberculosis	chemical	cystitis,	including	the	consequence	of	ketamine	abuse	severe	sensory	bladder	disorders	schistosomiasis.	The	second	part	is	the	voiding	phase.	Cystometry	is	also	valuable	in	determining	the	underlying	diagnosis	in	patients	with	a	mixture	of	storage	and	voiding	symptoms,	such	as
men	who	demonstrate	both	DO	and	BOO.	It	is	useful	for	identifying	those	patients	who	require	more	extensive	urodynamic	evaluation.	Watch	out	for	these	traps	in	options.	184	APPENDIX	1	Scheme	for	performing	a	pressure/flow	study	In	this	appendix	a	scheme	for	performing	a	pressure/flow	study	is	summarized.	(b)	Small	bladder	diverticulum	and
stress	urinary	incontinence.	post-micturition	–	immediately	after	a	voiding	phase,	when	the	bladder	returns	to	a	storage	function.	Pressure/	flow	urodynamics	can	detect	BOO	in	such	a	situation.	Increased	EMG	activity	secondary	to	straining	is	common	in	children	and	must	be	differentiated	from	true	DSD,	which	is	diagnostic	of	neurogenic	bladder
dysfunction.	PAD	TESTING	Pad	testing	is	a	simple,	noninvasive	and	objective	method	for	detecting	and	quantifying	urinary	incontinence.	It	offers	clear	information	presented	in	a	visually	appealing	and	easily	accessible	format.	The	standard	points	should	not	be	measured	at	the	time	of	a	detrusor	contraction,	as	this	would	give	a	falsely	poor
compliance;	instead	they	should	be	taken	at	the	baseline	detrusor	pressure	at	that	point.	During	storage,	other	abnormalities	of	the	bladder	can	be	visualized,	including	bladder	diverticula,	fistulae	and	any	vesicoureteric	reflux	(particularly	if	associated	with	DO)	(Fig.	If	successfully	managed	and	if	important	pathologies	such	as	bladder	carcinoma
(Fig.	If	compliance	is	seemingly	poor,	it	is	often	useful	to	slow	the	fill	rate:	❍	If	compliance	improves	at	the	slower	rate,	then	an	artefact	was	present	and	filling	should	continue	at	the	slower	rate	(Fig.	The	voiding	phase	is	predominantly	under	parasympathetic	control.	However,	the	patient	may	not	demonstrate	a	strong	desire	to	void	and	thus	may	not
have	a	measurable	maximum	cystometric	capacity.	CLINICAL	NOTES:	THE	STOP	TEST	•	•	•	•	During	voiding	in	a	video	urodynamic	study,	the	male	patient	can	be	asked	to	stop	voiding.	Prior	to	voiding	when	the	patient	appears	to	be	straining,	there	is	poor	subtraction	and	the	intravesical	line	appears	to	be	malfunctioning.	7.1	shows	a	possible
management	pathway	for	the	investigation	and	management	of	this	complex	problem.	3.6	Ultrasound	cystodynamogram.	5.1	Prevalence	of	stress,	urge,	and	mixed	urinary	incontinence,	urge	urinary	incontinence	by	age.	166	9	Neurogenic	bladder	disorders	A	complete	sacral	or	subsacral	lesion	will	lead	to	an	acontractile	detrusor,	incompetent	urethra
and	loss	of	bladder	sensation.	Indications	AUM	procedures	are	much	more	time	consuming	to	perform	and	require	regular	monitoring	to	ensure	that	the	catheters	have	not	become	displaced.	Conversely,	if	urethral	resistance	is	low,	this	may	be	reflected	by	a	low-pressure	contraction,	which	is	commonly	seen	in	male	patients	following	prostatectomy.
rise	in	Pdet	2	3	/	Fill	Number	1	Filling	/	4	5	1	2	2	3	4	5	Pre-micturition	pressure	(cm	H2O)	*Filling	volume	(need	to	add	initial	residual	in	formal	data	recording)	Voiding	Opening	Pdet	(cm	H2O)	Pdet.max	(cm	H2O)	(Not	Pdet.iso)	Pdet	at	peak	flow	(mL/s)	Peak	flow	rate	(mL/s)	Pdet.iso	(cm	H2O)	After	contraction	(0	=	no;	1	=	yes)	Pdet	(cm	H2O)	Volume
voided	(mL)	Residual	urine	(mL)	Calculated	initial	residual	urine	(mL)	R	Video	Bladder	outline	L	VUR	Grade	1	=	normal;	2	=	trabeculated;	Grade	as	defined	by	International	Reflux	Study	Group	(Grades	1–5)	3	=	sacculated;	4	=	multiple	diverticula	Males	Females	Bladder	neck	In	men:	1	=	normal	opening	with	void;	2	=	poor	opening	In	women:	1	=
closed;	2	=	open	with	fill;	3	=	open	with	standing;	4	=	open	with	stress	Stop	test	(M)/position	(F)	Prostatic	urethra	Anterior	urethra	In	men:	1	=	normal;	2	=	trapping	present;	3	=	equivocal;	9	=	not	done	In	women:	4	=	well	supported;	5	=	descent	on	stress;	6	=	prolapse	1	=	normal	opening;	2	=	attenuated;	3	=	DSD;	4	=	indeterminate	1	=	normal;	2
=	stricture;	3	=	unsure	Comments/Report	Fig.	1-hour	pad	test	–	This	test	is	useful	in	patients	strongly	suspected	of	urinary	incontinence	but	who	have	failed	to	demonstrate	any	leakage	on	other	investigations	such	as	video	urodynamic	pressure/flow	studies	(Fig.	For	example,	poor	voiding	function	may	suggest	a	potential	need	for	CISC	following	an
invasive	procedure.	TC	LP	CT	DM	Se	Fig.	Helpful	distractors	include	taking	deep	breaths	and	counting	backwards	from	100.	This	shows	why	females	are	much	more	likely	to	develop	an	incompetent	urethral	mechanism	and	be	prone	to	urinary	incontinence	from	intrinsic	sphincter	deficiency.	In	some	children,	this	‘voluntary	dyssynergia’	can	remain,
resulting	in	long-term	voiding	dysfunction.	The	studies	can	be	distressingly	uncomfortable	for	patients,	especially	males.	Autonomic	dysreflexia	is	a	life-threatening	event	and	must	be	treated	immediately.	Stress	urethral	pressure	profile,	with	increased	abdominal	pressure	(e.g.	coughing/Valsalva).	Before	voiding,	the	collection	device	is	removed	for
weighing.	Flush	fluid	lines,	and	ensure	that	all	air	bubbles	from	both	the	tubing	and	transducer	chambers	have	been	excluded.	The	chronic	fibrotic	damage	to	the	bladder	causes	the	bladder	function	to	deteriorate	severely.	3	•	•	Urodynamic	procedures	Home	pad	tests	lasting	24	to	48	hours	are	superior	to	1-hour	tests	in	detecting	urinary
incontinence;	however,	they	are	less	practical	and	more	cumbersome.	Instead,	all	patients	with	neurological	dysfunction	that	affects	or	is	likely	to	affect	lower	urinary	tract	function	should	receive	a	thorough	urodynamic	assessment	at	an	early	stage	to	fully	characterize	the	function	and	to	plan	appropriate	management;	patients	may	require
subsequent	follow-up	urodynamic	investigations	to	determine	the	success	of	any	intervention	and	the	extent	of	any	change	in	lower	urinary	tract	function.	Pressure	at	maximum	flow	–	the	pressure	recorded	at	maximum	measured	flow	rate.	Exaggerated	maximum	flow	rates	are	typical	in	women	who	have	stress	incontinence,	where	the	outlet
resistance	is	minimal,	and	in	patients	who	have	marked	detrusor	overactivity	–	the	so-called	fast	bladder.	The	change	of	weight	of	the	collecting	device	is	recorded.	This	results	in	either:	descent	or	hypermobility	of	the	bladder	neck	and	proximal	urethra	intrinsic	sphincter	deficiency	(ISD).	6.9	Typical	video	urodynamic	appearances	for	an	underactive
detrusor.	There	should	be	no	change	in	the	intraabdominal	pressure	(if	subtraction	is	adequate).	This	should	be	differentiated	from	the	rectangularshaped	incompetent	bladder	neck	seen	in	intrinsic	sphincter	deficiency	(see	Chapter	5).	168	9	Neurogenic	bladder	disorders	If	this	pattern	of	dysfunction	is	present,	then	the	preservation	of	renal	function
is	of	the	utmost	importance;	this	requires	control	of	both	NDO	and	sphincter	overactivity.	4	Pressure/flow	cystometry	Troubleshooting	Artefacts	are	common	and	may	lead	to	errors	in	the	interpretation	of	results.	Current	evidence	suggests	that	most	therapy	directed	at	the	treatment	of	OAB	acts	via	an	improvement	in	the	sensory	symptom	of	urgency
with	a	reduction	in	frequency,	urgency	incontinence	and	nocturia	and	an	increase	in	the	functional	bladder	capacity.	It	must	be	remembered	that	the	evidence	base	for	the	clinical	effectiveness	of	any	of	these	therapies	is	very	limited.	Stress	incontinence	can	affect	females	of	any	age	and	any	parity.	This	elevates	the	intravesical	pressure	above	the
maximum	pressure	exerted	by	the	urethral	sphincter	mechanism,	resulting	in	urinary	leakage.	This	leads	to	chronic	overdistension	and	eventually	the	development	of	detrusor	underactivity.	During	the	storage	phase	the	bladder	may	be	hyposensitive	with	raised	volumes	at	first	sensation	of	filling	and	bladder	sensations	at	strong	desire	to	void	and
with	a	raised	cystometric	capacity.	Several	techniques	have	been	described,	including:	Resting	urethral	pressure	profile,	with	the	bladder	at	rest	(storage	phase).	It	is	therefore	recommended	by	many	to	always	record	from	the	periurethral	musculature.	83	Urodynamics	Made	Easy	Usually	during	a	pressure/flow	study	the	Qmax	and	voided	volume	are
recorded	and	an	assessment	is	made	of	the	voiding	time	to	determine	if	the	void	is	prolonged.	Detrusor	sphincter	dyssynergia	–	Voluntary	contraction	of	the	external	sphincter	to	prevent	leakage	during	involuntary	detrusor	contractions	is	commonly	misinterpreted	as	DSD	in	patients	who	do	not	have	neuropathy.	3.4b).	Method	and	standardization
Uroflowmetry	is	performed	using	a	flowmeter,	a	device	that	measures	the	quantity	of	fluid	(volume	or	mass)	voided	per	unit	time	(Fig.	Multichannel–	in	addition	to	all	that	simple	cystometrics	determines	it	also	helps	to	diagnose	ISD.	URODYNAMICS	IN	PRACTICE:	VARIATIONS	TO	THE	PAD	TEST	•	•	•	28	Colouration	of	the	urine	with	oral	pyridium
before	pad	testing	can	help	differentiate	between	vaginal	discharge	and	urinary	incontinence.	This	maturation	usually	occurs	by	4	years	of	age	and	often	much	earlier.	The	bladder	is	frequently	said	to	be	an	‘unreliable	witness’.	An	isolated	finding	of	raised	PVR	requires	confirmation	before	being	considered	significant.	Finally,	the	study	report	should
contain	a	recommendation	for	further	investigations	or	treatment	if	appropriate.	However,	the	results	often	vary	considerably	from	week	to	week,	and	it	is	essential	to	not	base	therapy	on	the	results	of	voiding	diaries	alone.	During	a	repeat	pressure/flow	study,	a	rise	in	detrusor	pressure	greater	than	15	cm	H2O	compared	to	the	first	study	at	100-mL
filling	is	a	positive	result	and	implies	that	the	detrusor	is	denervated.	Electromyography	Electromyography	(EMG)	of	the	striated	muscles	of	the	pelvic	floor	is	necessary	to	assess	the	synergy	between	the	bladder	and	urethral	sphincter	mechanisms	during	voiding.	Voiding	should	be	efficient	such	that	there	should	be	minimal	or	no	urine	remaining	in
the	bladder	at	the	end	of	the	voiding	phase.	Prolonged	flow	–	This	is	a	flow	with	a	prolonged	time	to	reach	a	low	maximum	amplitude	and	an	extended	flow	time;	often	it	is	an	asymmetric	curve	with	a	prolonged	declining	terminal	end.	A	Qmax	less	than	12	mL/s	is	generally	considered	abnormal	in	men	older	than	60	years;	data	suggest	that
approximately	90%	of	men	with	lower	urinary	tract	symptoms	and	a	Qmax	less	than	10	mL/s	are	obstructed	on	pressure/flow	studies.	The	bladder	is	filled	with	room-temperature	sterile	normal	saline,	and	the	patient	is	asked	to	cough	at	regular	intervals.	Ideally	the	patient	should	be	refilled	and	the	voiding	phase	repeated	prior	to	the	patient
developing	a	terminal	contraction,	thus	allowing	the	lower	urinary	tract	function	during	the	voiding	phase	to	be	fully	appreciated.	Urodynamic	findings	in	overactive	bladder	and	urgency	incontinence	(Table	5.1)	Detrusor	overactivity	The	characteristic	finding	of	DO	during	pressure/flow	cystometry	is	shown	in	Fig.	This	is	not	particularly	useful	or	of
diagnostic	value.	Misplaced	catheters	should	be	promptly	moved	into	the	correct	location.	The	intravesical	closing	pressure	is	likely	to	be	the	most	clinically	relevant.	This	can	be	performed	by:	carrying	out	an	ultrasound	bladder	scan	prior	to	catheterization	draining	the	urine	at	the	time	of	catheterization	screening	immediately	at	the	start	of
commencing	the	pump	(video	urodynamics):	❍	Allow	a	visual	estimation	of	the	bladder	volume	as	the	contrast	diffuses	with	the	initial	residual	urine	to	outline	the	size	of	the	bladder.	neurogenic	–	when	there	is	an	underlying	neurological	condition	causing	the	lower	urinary	tract	dysfunction.	If	the	test	is	regarded	as	representative,	the	subject	voids
and	the	volume	is	recorded;	otherwise,	the	test	is	repeated	preferably	without	voiding.	101	This	page	intentionally	left	blank	CHAPTER	5	Storage	disorders	and	incontinence	INTRODUCTION	Storage	disorders	are	common	in	both	men	and	women	and	are	often	associated	with	urinary	incontinence.	The	above	graph	shows	that	the	urine	is	unable	to
flow	out	normally.	It	is	often	repeated	in	the	MRCOG	PART	2	exams	and	these	questions	must	be	something	that	you	easily	score.	5.8).	THE	KIDNEYS	AND	URETERS	Both	kidneys	continuously	produce	greater	than	0.5	mL	of	urine	per	kilogram	of	body	weight	per	hour	(i.e.	>35	mL	per	hour	in	a	70-kg	man)	when	functioning	properly	and	adequately
hydrated.	the	bladder	capacity	at	the	time	of	assessing	the	leak	point	the	baseline	pressure	used	for	the	test:	❍	the	true	zero	intravesical	pressure	❍	the	value	of	Pves	measured	at	zero	bladder	volume	❍	the	value	of	Pves	measured	immediately	before	the	cough/Valsalva	manoeuvre	(usually	at	200	or	300	mL	bladder	capacity)	the	presence	of	prolapse
the	presence	of	straining	(contraction	and	relaxation	of	the	pelvic	floor)	the	method	of	detecting	the	leak	(e.g.	screening,	artificially	coloured	urine	[dye],	changes	in	electrical	conductance,	flowmeter).	3.2	Flow	rate	recording.	4.24	Pressure/flow	trace	obtained	when	a	negative	rectal	pressure	artefactually	adds	to	the	total	bladder	pressure.	2	Basic
structure,	function	and	control	of	the	lower	urinary	tract	afferent	nerve	fibres	are	implicated	in	the	involuntary	stimulation	of	detrusor	contractions	(detrusor	overactivity).	Despite	the	shortcomings,	conventional	pressure/flow	studies	remain	the	gold	standard	investigation	of	lower	urinary	tract	dysfunction	and	are	performed	far	more	frequently	than
AUM.	The	photograph	also	shows	results	printersterm.	PRIOR	TO	THE	TEST:	PATIENT	FACTORS	••	••	•	•	••	Reassess	clinical	history	and	the	‘urodynamic	question’.	The	patient	also	needs	to	inform	the	team	if	any	suprapubic	or	abdominal	pain	occurs	during	filling.	Management	of	bladder	hyposensitivity	It	is	important	that	the	bladder	is
adequately	drained	to	prevent	the	progression	to	an	acontractile	bladder	or	upper	tract	damage.	In	stress	incontinence	the	abdominal	pressure	transmission,	which	is	thought	to	keep	the	normal	urethra	closed	during	stress,	is	inadequate,	and	therefore	the	urethral	closure	pressure	decreases	on	increased	intraabdominal	pressure.	A	VLPP	is	slower
and	therefore	easier	to	perform,	but	it	is	not	as	clinically	relevant,	as	it	is	difficult	to	instruct	patients	to	carry	this	out	in	a	reproducible	fashion.	More	detailed	investigations	are	only	indicated	in	limited	situations,	such	as	when	the	findings	are	at	variance	with	the	symptoms,	if	there	are	significant	storage	symptoms	or	if	initial	treatment	has	been
unsuccessful.	Prevoid	bladder	volume	Outflow	obstruction	Hydronephrosis	Normal	Empty	bladder	No	residual	Flow	rate	(Q)	(mL/s)	Incomplete	emptying	Thickened	bladder	wall	Raised	residual	Normal	flow	Flow	rate	(Q)	(mL/s)	Prolonged	reduced	flow	Fig.	4.14).	Urgency:	A	sudden	compelling	desire	to	void,	which	is	difficult	to	defer.	What	are	the
types	of	cystometry?	suprapontine	2.	Compounding	this,	if	the	trace	is	read	retrospectively	and	it	is	unclear	at	what	point	the	permission	to	void	was	given,	then	the	trace	can	often	be	interpreted	in	a	variety	of	ways	depending	on	what	point	it	is	assumed	that	permission	to	void	was	given.	Practical	points	When	measuring	urethral	pressures,	all
systems	should	be	zeroed	to	atmospheric	pressure;	the	reference	point	should	be	taken	as	the	superior	edge	of	the	symphysis	pubis	for	external	transducers	or	the	transducer	itself	for	catheter-mounted	transducers.	These	reflexes	therefore	enhance	storage	by	relaxing	the	bladder	and	maintain	continence	by	increasing	both	intrinsic	and	extrinsic
sphincter	tone	(guarding	reflex).	Neurogenic	patients	may	not	be	able	to	generate	a	voluntary	detrusor	contraction.	If	the	detrussor	pressure	is	low	it	may	be	because	of	conditions	like	neurological	problems	involving	the	lumbosacral	nerves	,	diabetes	,	chronic	UTI,	anticholinergics	etc.	Frequent	findings	••	•	•	•	Normal	frequency	and	voided
volumes.	187	This	page	intentionally	left	blank	APPENDIX	2	Normal	urodynamic	values	Some	pertinent	normal	urodynamic	values	are	listed	in	this	appendix.	There	is	high	voiding	pressure	associated	with	increased	electromyography	activity.	113	Urodynamics	Made	Easy	100	Pabd	(cm	H2O)	0	100	Pves	(cm	H2O)	0	100	Pdet	(cm	H2O)	0	Time	(s)	Fig.
Reentry	of	urine	into	the	bladder	after	micturition;	if	there	is	vesicoureteric	reflux,	then	the	residual	urine	may	be	falsely	interpreted.	Conversely,	many	patients	not	suspected	of	having	DO	(including	asymptomatic	volunteers	in	research	studies)	display	IDA	during	AUM	assessment.	During	the	voiding	phase,	via	the	use	of	a	flowmeter	connected	to
the	urodynamic	equipment,	flow	rate	parameters	in	addition	to	pressure	data	can	be	obtained	and	correlated	with	each	other.	Most	patients	find	them	acceptable	for	use	over	short	periods.	For	more	details,	read	more	about	the	Massachusetts	e-filing	program.	(P.S-	this	is	how	you	can	put	your	kids	crayons	to	good	use	too	)	How	to	interpret	in	exam
Now	in	the	graph	there	are	three	lines	given.	Frequently	beaking	of	the	bladder	neck	is	encountered	during	increased	intraabdominal	pressure.	Hesitancy:	difficulty	in	initiating	micturition,	resulting	in	a	delay	in	the	onset	of	voiding	after	the	individual	is	ready	to	pass	urine.	the	voiding	phase.	This	is	an	appropriate	patient	response	in	an	attempt	to
maintain	continence	and	can	be	referred	to	as	pseudodyssynergia.	Something	like	this	Flowmetry	The	other	question	that	may	pop	in	the	exam	is	regarding	flowmetry	.	Traditionally,	DO	and	therefore	urinary	urgency	were	hypothesized	to	result	as	a	consequence	of	dysfunction	of	the	efferent	innervation	of	the	bladder.	The	device	is	worn	by	patients
for	the	duration	of	the	study.	Therefore	significant	resistance,	as	is	seen	in	BOO,	may	lead	to	elevated	detrusor	pressures.	Low	pressure,	high	flow	due	to	decreased	bladder	outlet	resistance	and	radiological	evidence	of	an	open	bladder	neck	are	shown.	Finally,	as	clinicians,	we	all	perform	a	clinical	assessment	differently	and	interpret	the	clinical
picture	based	on	our	own	experience	and	prejudices.	PVR	should	also	be	measured,	usually	by	ultrasound	bladder	scanning.
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