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Pharmacotherapy:	A	Pathophysiologic	Approach	is	designed	to	provide	practitioners	and	students	with	critical	information	that	can	be	easily	used	to	guide	drug	therapy	decision-making	in	the	clinical	setting.	To	ensure	brevity	and	portability,	the	bulleted	format	provides	the	user	with	essential	textual	information,
key	tables	and	figures,	and	treatment	algorithms.	The	authors	make	every	effort	to	write	as	clearly	and	succinctly	as	possible.	Corresponding	to	the	major	sections	in	the	main	text,	disorders	are	alphabetized	within	the	following	sections:	Bone	and	Joint	Disorders;	Cardiovascular	Disorders;	Dermatologic	Disorders;
Endocrinologic	Disorders;	Gastrointestinal	Disorders;	Gynecologic	and	Obstetric	Disorders;	Hematologic	Disorders;	Infectious	Diseases;	Neurologic	Disorders;	Nutrition	Support;	Oncologic	Disorders;	Ophthalmic	Disorders;	Psychiatric	Disorders;	Renal	Disorders;	Respiratory	Disorders;	and	Urologic	Disorders.	Drug-
induced	conditions	associated	with	drug	allergy,	hematologic	disorders,	liver	disease,	pulmonary	disease,	and	kidney	disease	appear	in	five	tabular	appendices.	Tabular	information	on	the	management	of	pharmacotherapy	in	the	elderly	also	appears	as	an	appendix.	Each	chapter	is	organized	in	a	consistent	format:
Disease	state	definition	Concise	review	of	relevant	pathophysiology	Clinical	presentation	Diagnosis	Treatment	Evaluation	of	therapeutic	outcomes	The	treatment	section	may	include	goals	of	treatment,	general	approach	to	treatment,	nonpharmacologic	therapy,	drug	selection	guidelines,	dosing	recommendations,
adverse	effects,	pharmacokinetic	considerations,	and	important	drugdrug	interactions.	When	more	in-depth	information	is	required,	the	reader	is	encouraged	to	refer	to	the	primary	text,	Pharmacotherapy:	A	Pathophysiologic	Approach,	10th	edition.	It	is	our	sincere	hope	that	students	and	practitioners	find	this	book
helpful	as	they	continuously	strive	to	deliver	highest	quality	patient-centered	care.	We	invite	your	comments	on	how	we	may	improve	subsequent	editions	of	this	work.	Barbara	G.	Wells	Joseph	T.	DiPiro	Terry	L.	Schwinghammer	Cecily	V.	DiPiro	Please	provide	your	comments	about	this	book,	Wells	et	al.,
Pharmacotherapy	10	Handbook,	10th	edition,	to	its	authors	and	publisher	by	writing	to	[email	protected]	Please	indicate	the	author	and	title	of	this	handbook	in	the	subject	line	of	your	e-mail.	11	Acknowledgments	The	editors	wish	to	express	their	sincere	appreciation	to	the	authors	whose	chapters	in	the	10th	edition
of	Pharmacotherapy:	A	Pathophysiologic	Approach	served	as	the	basis	for	this	book.	The	dedication	and	professionalism	of	these	outstanding	practitioners,	teachers,	and	scientists	are	evident	on	every	page	of	this	work.	These	individuals	are	acknowledged	at	the	end	of	each	respective	handbook	chapter.	We	also
appreciate	the	input	of	readers	over	the	years	who	have	helped	us	to	make	continuous	improvements	in	this	book.	12	SECTION	1	BONE	AND	JOINT	DISORDERS	Edited	by	Terry	L.	Schwinghammer	13	CHAPTER	14	Gout	and	Hyperuricemia	Gout	involves	hyperuricemia,	recurrent	attacks	of	acute	arthritis	with	mono-
sodium	urate	(MSU)	crystals	in	synovial	fluid	leukocytes,	deposits	of	MSU	crystals	in	tissues	in	and	around	joints	(tophi),	interstitial	renal	disease,	and	uric	acid	nephrolithiasis.	PATHOPHYSIOLOGY	Uric	acid	is	the	end	product	of	purine	degradation.	An	increased	urate	pool	in	individuals	with	gout	may	result	from
overproduction	or	underexcretion.	Purines	originate	from	dietary	purine,	conversion	of	tissue	nucleic	acid	to	purine	nucleotides,	and	de	novo	synthesis	of	purine	bases.	Overproduction	of	uric	acid	may	result	from	abnormalities	in	enzyme	systems	that	regulate	purine	metabolism	(eg,	increased	activity	of
phosphoribosyl	pyrophosphate	[PRPP]	synthetase	or	deficiency	of	hypoxanthine-guanine	phosphoribosyl	transferase	[HGPRT]).	Uric	acid	may	be	overproduced	because	of	increased	breakdown	of	tissue	nucleic	acids,	as	with	myeloproliferative	and	lymphoproliferative	disorders.	Cytotoxic	drugs	can	result	in
overproduction	of	uric	acid	due	to	lysis	and	the	breakdown	of	cellular	matter.	Dietary	purines	are	insignificant	in	generation	of	hyperuricemia	without	some	derangement	in	purine	metabolism	or	elimination.	Two	thirds	of	uric	acid	produced	daily	is	excreted	in	urine.	The	remainder	is	eliminated	through
gastrointestinal	(GI)	tract	after	degradation	by	colonic	bacteria.	Decline	in	urinary	excretion	to	a	level	below	rate	of	production	leads	to	hyperuricemia	and	increased	pool	of	sodium	urate.	Drugs	that	decrease	renal	uric	acid	clearance	include	diuretics,	nicotinic	acid,	salicylates	(142	mEq/L),	hypokalemia,
hypomagnesemia,	elevated	serum	bicarbonate	(>31	mEq/L),	and	glucose	intolerance.	DIAGNOSIS	Patients	with	suspected	hyperaldosteronism	(e.g.,	resistant	hypertension)	should	receive	screening,	usually	by	the	plasma-aldosterone-concentration–to–plasma-reninactivity	(PAC-to-PRA)	ratio	(also	called	the
aldosterone-to-renin	ratio,	ARR).	An	elevated	ARR	is	highly	suggestive	of	primary	hyperaldosteronism.	If	the	ARR	is	positive,	confirmatory	tests	to	exclude	false-positives	include	the	oral	sodium-loading	test,	saline	infusion	test,	fludrocortisone	suppression	test	(FST),	and	captopril	challenge	test.	A	positive	test
indicates	autonomous	aldosterone	secretion	under	inhibitory	pressures	and	is	diagnostic	for	primary	hyperaldosteronism.	TREATMENT	Nonpharmacologic	Therapy	249	Aldosterone-producing	adenomas	are	treated	by	laparoscopic	resection	of	the	tumor,	leading	to	permanent	cures	in	up	to	72%	of	patients.	Medical
management	can	be	effective	if	surgery	is	contraindicated.	Pharmacologic	Therapy	Bilateral	adrenal	hyperplasia	is	treated	primarily	with	aldosterone	receptor	antagonists,	but	several	other	drug	classes	have	been	used.	Spironolactone	(Aldactone)	is	a	nonselective	aldosterone	receptor	antagonist	that	competes	with
aldosterone	for	binding	at	aldosterone	receptors,	thus	preventing	the	negative	effects	of	aldosterone	receptor	activation.	The	initial	dose	is	25	mg	once	daily	titrated	upward	at	4-	to	8-week	intervals.	Most	patients	respond	to	doses	between	25	and	400	mg/day	given	in	single	or	divided	doses.	Adverse	effects	include	GI
discomfort,	impotence,	gynecomastia,	menstrual	irregularities,	and	hyperkalemia.	Eplerenone	(Inspra)	is	a	selective	aldosterone	receptor	antagonist	with	high	affinity	for	aldosterone	receptors	and	low	affinity	for	androgen	and	progesterone	receptors.	Consequently,	it	elicits	fewer	sex-steroid–dependent	effects	than
spironolactone.	Dosing	starts	at	50	mg	daily,	with	titration	at	4-	to	8-week	intervals	to	50	mg	twice	a	day;	some	patients	may	require	total	daily	doses	as	high	as	200	to	300	mg.	Amiloride	(Amiloride),	a	potassium-sparing	diuretic,	is	less	effective	than	spironolactone,	and	patients	often	require	additional	therapy	to
adequately	control	blood	pressure.	The	initial	dose	is	5	mg	twice	daily,	with	a	usual	range	of	20	mg/day	given	in	two	divided	doses;	doses	up	to	30	mg/day	may	be	necessary.	Additional	second-line	options	include	calcium	channel	blockers,	ACE	inhibitors,	and	diuretics	such	as	chlorthalidone,	although	all	of	these	lack
outcome	data.	Treatment	of	secondary	aldosteronism	is	dictated	by	etiology.	Control	or	correction	of	the	extra-adrenal	stimulation	of	aldosterone	secretion	should	resolve	the	disorder.	Medical	therapy	with	spironolactone	is	undertaken	until	the	etiology	is	identified.	ADRENAL	INSUFFICIENCY	PATHOPHYSIOLOGY
Primary	adrenal	insufficiency	(Addison	disease)	usually	involves	destruction	of	all	regions	of	the	adrenal	cortex.	There	are	deficiencies	of	cortisol,	aldosterone,	and	the	various	androgens,	and	levels	of	CRH	and	ACTH	increase	in	a	compensatory	manner.	Autoimmune	dysfunction	is	responsible	for	80%	to	90%	of	cases
in	developed	countries,	whereas	tuberculosis	is	the	predominant	cause	in	developing	countries.	Medications	that	inhibit	cortisol	synthesis	(eg,	ketoconazole)	or	accelerate	cortisol	metabolism	(eg,	phenytoin,	rifampin,	and	phenobarbital)	can	also	cause	primary	adrenal	insufficiency.	Secondary	adrenal	insufficiency
most	commonly	results	from	exogenous	corticosteroid	use,	leading	to	suppression	of	the	hypothalamic-pituitary-adrenal	axis	250	and	decreased	ACTH	release,	resulting	in	impaired	androgen	and	cortisol	production.	Mirtazapine	and	progestins	(eg,	medroxyprogesterone	acetate	and	megestrol	acetate)	have	also	been
reported	to	induce	secondary	adrenal	insufficiency.	Secondary	disease	typically	presents	with	normal	mineralocorticoid	concentrations.	CLINICAL	PRESENTATION	Patients	commonly	complain	of	weakness,	weight	loss,	GI	symptoms,	salt	craving,	headaches,	memory	impairment,	depression,	and	postural	dizziness.
Signs	of	adrenal	insufficiency	include	increased	skin	pigmentation,	postural	hypotension,	fever,	decreased	body	hair,	vitiligo,	amenorrhea,	and	cold	intolerance.	DIAGNOSIS	The	short	cosyntropin	stimulation	test	can	be	used	to	assess	patients	with	suspected	hypercortisolism.	An	increase	to	a	cortisol	level	of	18
mcg/dL	or	more	(500	nmol/L)	rules	out	adrenal	insufficiency.	Patients	with	Addison	disease	have	an	abnormal	response	to	the	short	cosyntropin	stimulation	test.	Plasma	ACTH	levels	are	usually	elevated	(400–2000	pg/mL	or	88–	440	pmol/L)	in	primary	insufficiency	versus	normal	to	low	(5–50	pg/mL	or	1.1–11	pmol/L])
in	secondary	insufficiency.	A	normal	cosyntropin-stimulation	test	does	not	rule	out	secondary	adrenal	insufficiency.	Other	tests	include	the	insulin	hypoglycemia	test,	the	metyrapone	test,	and	the	CRH	stimulation	test.	TREATMENT	Goals	of	Treatment:	Limit	morbidity	and	mortality,	return	the	patient	to	a	normal
functional	state,	and	prevent	episodes	of	acute	adrenal	insufficiency.	Nonpharmacologic	Therapy	Inform	patients	of	treatment	complications,	expected	outcomes,	proper	medication	administration	and	adherence,	and	possible	side	effects.	Pharmacotherapy	CORTICOSTEROIDS	Hydrocortisone,	cortisone,	and
prednisone	are	the	glucocorticoids	of	choice,	administered	twice	daily	at	the	lowest	effective	dose	while	mimicking	the	normal	diurnal	adrenal	rhythm	of	cortisol	production.	Recommended	starting	total	daily	doses	are	hydrocortisone	15	to	25	mg	daily,	which	is	approximately	equivalent	to	cortisone	acetate	25	to	37.5
mg,	or	prednisone	2.5	mg	(Table	18–2).	Two	thirds	of	the	dose	is	given	in	the	morning,	and	one	third	is	given	6	to	8	hours	later.	TABLE	18–2	Relative	Potencies	of	Glucocorticoids	Antiinflammatory	Equivalent	251	Approximate	SodiumRetaining	Glucocorticoid	Potency	Potency	(mg)	Half-Life	(min)	Potency	Cortisone	0.8
25	30	2	Hydrocortisone	1	20	90	2	Prednisone	3.5	5	60	1	Prednisolone	4	5	200	1	Triamcinolone	5	4	300	0	Methylprednisolone	5	4	180	0	Betamethasone	25	0.6	100–300	0	Dexamethasone	30	0.75	100–300	0	The	patient’s	symptoms	can	be	monitored	every	6	to	8	weeks	to	assess	proper	glucocorticoid	replacement.	In
primary	adrenal	insufficiency,	fludrocortisone	acetate	0.05	to	0.2	mg	orally	once	daily	can	be	used	to	replace	mineralocorticoid	loss.	If	parenteral	therapy	is	needed,	2	to	5	mg	of	deoxycorticosterone	trimethylacetate	in	oil	can	be	administered	intramuscularly	every	3	to	4	weeks.	The	major	reason	for	adding	the
mineralocorticoid	is	to	minimize	development	of	hyperkalemia.	Because	most	adrenal	crises	occur	because	of	glucocorticoid	dose	reductions	or	lack	of	stress-related	dose	adjustments,	patients	receiving	corticosteroid	replacement	therapy	should	add	5	to	10	mg	hydrocortisone	(or	equivalent)	to	their	normal	daily
regimen	shortly	before	strenuous	activities,	such	as	exercise.	During	times	of	severe	physical	stress	(eg,	febrile	illnesses	and	after	accidents),	patients	should	be	instructed	to	double	their	daily	dose	until	recovery.	Treatment	of	secondary	adrenal	insufficiency	is	identical	to	primary	disease	treatment,	with	the
exception	that	mineralocorticoid	replacement	is	usually	not	necessary.	Pharmacotherapy	of	Acute	Adrenal	Insufficiency	Acute	adrenal	insufficiency	(adrenal	crisis	or	addisonian	crisis)	represents	a	true	endocrine	emergency.	Stressful	situations,	surgery,	infection,	and	trauma	are	potential	events	that	increase	adrenal



requirements,	especially	in	patients	with	some	underlying	adrenal	or	pituitary	insufficiency.	The	most	common	cause	of	adrenal	crisis	is	HPA-axis	suppression	brought	on	by	abrupt	withdrawal	of	chronic	glucocorticoid	use.	Hydrocortisone	given	parenterally	is	the	corticosteroid	of	choice	because	of	its	combined
glucocorticoid	and	mineralocorticoid	activity.	The	starting	dose	is	100	mg	IV	by	rapid	infusion,	followed	by	a	continuous	infusion	(usually	10	mg/h)	or	intermittent	bolus	of	100	to	200	mg	every	24	hours.	IV	administration	is	continued	for	24	to	48	hours.	If	the	patient	is	stable	at	that	time,	oral	hydrocortisone	can	be
started	at	a	dose	of	50	mg	every	6	to	8	hours,	followed	by	tapering	to	the	individual’s	chronic	replacement	needs.	Fluid	replacement	often	is	required	and	can	be	accomplished	with	IV	dextrose	5%	in	normal	saline	solution	at	a	rate	to	support	blood	pressure.	252	If	hyperkalemia	is	present	after	the	hydrocortisone
maintenance	phase,	additional	mineralocorticoid	supplementation	can	be	achieved	with	fludrocortisone	acetate	0.1	mg	daily.	Patients	with	adrenal	insufficiency	should	carry	a	card	or	wear	a	bracelet	or	necklace	that	contains	information	about	their	condition.	They	should	also	have	easy	access	to	injectable
hydrocortisone	or	glucocorticoid	suppositories	in	case	of	an	emergency	or	during	times	of	physical	stress,	such	as	febrile	illness	or	injury.	EVALUATION	OF	THERAPEUTIC	OUTCOMES	The	end	point	of	therapy	for	adrenal	insufficiency	is	difficult	to	assess	in	most	patients,	but	a	reduction	in	excess	pigmentation	is	a
good	clinical	marker.	Development	of	features	of	Cushing	syndrome	indicates	excessive	replacement.	____________	See	Chapter	76,	Adrenal	Gland	Disorders,	authored	by	Andrew	Y.	Hwang,	Steven	M.	Smith,	and	John	G.	Gums,	for	a	more	detailed	discussion	of	this	topic.	253	CHAPTER	254	19	255	Diabetes	Mellitus
Diabetes	mellitus	(DM)	is	a	group	of	metabolic	disorders	characterized	by	hyperglycemia	and	abnormalities	in	carbohydrate,	fat,	and	protein	metabolism.	It	may	result	in	chronic	microvascular,	macrovascular,	and	neuropathic	complications.	PATHOPHYSIOLOGY	Type	1	DM	(5%–10%	of	cases)	results	from	autoimmune
destruction	of	pancreatic	βcells,	leading	to	absolute	deficiency	of	insulin.	It	usually	presents	in	children	and	adolescents	but	can	occur	at	any	age.	The	autoimmune	process	is	mediated	by	macrophages	and	T	lymphocytes	with	autoantibodies	to	β-cell	antigens	(eg,	islet	cell	antibody,	insulin	antibodies).	Amylin	(a
hormone	cosecreted	from	pancreatic	β-cells	with	insulin)	suppresses	inappropriate	glucagon	secretion,	slows	gastric	emptying,	and	causes	central	satiety;	amylin	is	also	deficient	in	type	1	DM	due	to	β-cell	destruction.	Type	2	DM	(90%	of	cases)	is	characterized	by	multiple	defects:	Impaired	insulin	secretion	is	a
hallmark	finding;	β-cell	mass	and	function	are	both	reduced,	and	β-cell	failure	is	progressive.	Normally,	the	gut	incretin	hormones	glucagon-like	peptide-1	(GLP-1)	and	glucose-dependent	insulinotropic	peptide	(GIP)	are	released	and	stimulate	insulin	secretion	when	nutrients	enter	the	stomach	and	intestines.
Patients	with	type	2	DM	have	a	reduced	incretin	effect	due	to	decreased	concentrations	of	or	resistance	to	the	effects	of	these	incretin	hormones.	Insulin	resistance	is	manifested	by	excessive	hepatic	glucose	production,	decreased	skeletal	muscle	uptake	of	glucose,	and	increased	lipolysis	and	free	fatty	acid
production.	Excess	glucagon	secretion	occurs	because	type	2	DM	patients	fail	to	suppress	glucagon	in	response	to	meals	because	of	GLP-1	resistance/deficiency	and	insulin	resistance/deficiency,	which	directly	suppress	glucagon.	Sodium-glucose	cotransporter-2	(SGLT-2)	upregulation	in	the	kidney	increases
reabsorption	of	glucose	by	proximal	renal	tubular	cells,	which	may	worsen	hyperglycemia.	The	metabolic	syndrome	involves	multiple	metabolic	abnormalities	and	confers	a	higher	risk	for	developing	type	2	DM	and	subsequent	cardiovascular	disease	(CVD).	The	current	definition	includes	central	obesity	(defined	as
waist	circumference	with	ethnicity-specific	values)	plus	any	two	of	these	four	factors:	(1)	raised	triglycerides	(≥	150	mg/dL	[1.7	mmol/L]);	(2)	reduced	HDL	cholesterol	(<	40	mg/dL	[1.03	mmol/L]	in	males	or	<	50	mg/dL	[1.29	mmol/L]	in	females);	(3)	increased	blood	pressure	(systolic	BP	≥	130	mm	Hg,	diastolic	BP	≥
85	mm	Hg,	or	treatment	of	previously-diagnosed	hypertension);	and	(4)	raised	fasting	plasma	glucose	(≥	100	mg/dL	[5.6	mmol/L]	or	previous	diagnosis	of	type	2	DM.	Uncommon	causes	of	diabetes	(less	than	5%	of	cases)	include	gestational	diabetes	256	mellitus	(GDM),	maturity	onset	diabetes	of	youth	(MODY),
endocrine	disorders	(eg,	acromegaly,	Cushing	syndrome),	pancreatic	exocrine	dysfunction,	infections,	and	medications	(eg,	glucocorticoids,	thiazides,	niacin).	Microvascular	complications	include	retinopathy,	neuropathy,	and	nephropathy.	Macrovascular	complications	include	coronary	heart	disease,	stroke,	and
peripheral	vascular	disease.	CLINICAL	PRESENTATION	TYPE	1	DIABETES	MELLITUS	The	most	common	initial	symptoms	are	polyuria,	polydipsia,	polyphagia,	weight	loss,	and	lethargy	accompanied	by	hyperglycemia.	Individuals	are	often	thin	and	are	prone	to	develop	diabetic	ketoacidosis	if	insulin	is	withheld	or
under	conditions	of	severe	stress.	Between	20%	and	40%	of	patients	present	with	diabetic	ketoacidosis	after	several	days	of	polyuria,	polydipsia,	polyphagia,	and	weight	loss.	TYPE	2	DIABETES	MELLITUS	Patients	are	often	asymptomatic	and	may	be	diagnosed	secondary	to	unrelated	blood	testing.	Lethargy,	polyuria,
nocturia,	and	polydipsia	can	be	present.	Significant	weight	loss	is	less	common;	most	patients	are	overweight	or	obese.	DIAGNOSIS	Criteria	for	diagnosis	of	DM	include	any	one	of	the	following:	1.	A1C	of	6.5%	or	more	(≥0.065;	≥	48	mmol/mol	Hb)	2.	Fasting	(no	caloric	intake	for	at	least	8	hours)	plasma	glucose	of	126
mg/dL	or	more	(≥7.0	mmol/L)	3.	Two-hour	plasma	glucose	of	200	mg/dL	or	more	(≥11.1	mmol/L)	during	an	oral	glucose	tolerance	test	(OGTT)	using	a	glucose	load	containing	the	equivalent	of	75	g	anhydrous	glucose	dissolved	in	water	4.	Random	plasma	glucose	concentration	of	200	mg/dL	or	more	(≥11.1	mmol/L)
with	classic	symptoms	of	hyperglycemia	or	hyperglycemic	crisis.	In	the	absence	of	unequivocal	hyperglycemia,	criteria	1	through	3	should	be	confirmed	by	repeat	testing.	Normal	fasting	plasma	glucose	(FPG)	is	less	than	100	mg/dL	(5.6	mmol/L).	Impaired	fasting	glucose	(IFG)	is	FPG	100	to	125	mg/dL	(5.6–6.9
mmol/L).	Impaired	glucose	tolerance	(IGT)	is	diagnosed	when	the	2-hour	postload	sample	of	OGTT	is	140	to	199	mg	per	dL	(7.8–11.0	mmol/L).	Pregnant	women	should	undergo	risk	assessment	for	GDM	at	first	prenatal	visit	and	have	glucose	testing	if	there	are	risk	factors	for	developing	diabetes	(eg,	positive	family
history,	personal	history	of	GDM,	marked	obesity,	or	member	of	a	high-risk	ethnic	group).	257	TREATMENT	Goals	of	Treatment:	Ameliorate	symptoms,	reduce	risk	of	microvascular	and	macrovascular	complications,	reduce	mortality,	and	improve	quality	of	life.	Desirable	plasma	glucose	and	A1C	levels	are	listed	in
Table	19–1.	TABLE	19–1	Glycemic	Goals	of	Therapy	for	Adults	Biochemical	Index	ADA	ACE	and	AACE	A1C	273	Isotonic	>97	>3	0	mL	0.9%	NaClb	0	>154	>154	>308	Isotonic	>100	>0	0	mL	3%	NaClc	>513	>513	>1026	Hypertonic	>100	>0	–2331	mL	0	(Cl–,	chloride;	ECF,	extracellular	fluid;	ICF,	intracellular	fluid;	IV,
intravenous;	Na+,	sodium;	NaCl,	sodium	chloride.)	aAlso	referred	to	as	“half	normal	saline.”	b	Also	referred	to	as	“normal	saline.”	hypertonic	solution	will	result	in	osmotic	removal	of	water	from	the	intracellular	space.	cThis	Hypernatremia	and	hyponatremia	can	be	associated	with	conditions	of	high,	low,	or	normal
ECF	sodium	and	volume.	Both	conditions	are	most	commonly	the	result	of	abnormalities	of	water	metabolism.	HYPONATREMIA	(SERUM	SODIUM	145	mmol/L])	Pathophysiology	and	Clinical	Presentation	Hypernatremia	results	from	either	water	loss	(eg,	diabetes	insipidus	[DI])	or	hypotonic	fluids,	or	less	commonly
from	hypertonic	fluid	administration	or	excess	sodium	ingestion.	Symptoms	are	primarily	caused	by	decreased	neuronal	cell	volume	and	can	include	weakness,	lethargy,	restlessness,	irritability,	twitching,	and	confusion.	Symptoms	of	a	more	rapidly	developing	hypernatremia	include	seizures,	coma,	and	death.
Treatment	Begin	treatment	of	hypovolemic	hypernatremia	with	0.9%	saline.	After	hemodynamic	stability	is	restored	and	intravascular	volume	is	replaced,	replace	freewater	deficit	with	5%	dextrose	or	0.45%	saline	solution.	The	correction	rate	should	be	approximately	1	mEq/L	(1	mmol/L)	per	hour	for	hypernatremia
that	developed	over	a	few	hours	and	0.5	mEq/L	(0.5	mmol/L)	per	hour	for	hypernatremia	that	developed	more	slowly.	Treat	central	DI	with	intranasal	desmopressin,	beginning	with	10	mcg	once	daily.	Titrate	to	20	mcg	twice	daily	based	on	serum	sodium	concentration.	Oral	tablets	are	available;	poor	bioavailability
contributes	to	unpredictable	response	when	transitioning	between	dosage	forms.	Treat	nephrogenic	DI	by	decreasing	ECF	volume	with	a	thiazide	diuretic	and	dietary	sodium	restriction	(2000	mg/day),	which	can	decrease	urine	volume	by	as	much	as	50%.	Other	treatment	options	include	drugs	with	antidiuretic
properties	(Table	75–	2).	TABLE	75–2	Drugs	Used	to	Manage	Central	and	Nephrogenic	Diabetes	Insipidus	Drug	Indication	Dose	Desmopressin	acetate	Central	and	nephrogenic	5–20	mcg	intranasally	every	12–24	h	Chlorpropamide	Central	125–250	mg	orally	daily	Carbamazepine	Central	100–300	mg	orally	twice	daily
Clofibrate	Central	500	mg	orally	4	times	daily	Hydrochlorothiazide	Central	and	nephrogenic	25	mg	orally	every	12–24	h	Amiloride	Lithium-related	nephrogenic	5–10	mg	orally	daily	Indomethacin	Central	and	nephrogenic	50	mg	orally	every	8–12	h	Treat	sodium	overload	with	loop	diuretics	(furosemide,	20–40	mg	IV
every	6	hour)	and	5%	dextrose	at	a	rate	that	decreases	serum	sodium	by	approximately	0.5	mEq/L	(0.5	mmol/L)	per	hour	or,	if	hypernatremia	developed	rapidly,	1	mEq/L	(1	mmol/L)	per	hour.	1062	EDEMA	Pathophysiology	and	Clinical	Presentation	Edema,	defined	as	a	clinically	detectable	increase	in	interstitial	fluid
volume,	develops	when	excess	sodium	is	retained	either	as	a	primary	defect	in	renal	sodium	excretion	or	as	a	response	to	a	decrease	in	the	effective	circulating	volume	despite	an	already	expanded	or	normal	ECF	volume.	Edema	occurs	in	patients	with	decreased	myocardial	contractility,	nephrotic	syndrome,	or
cirrhosis.	Edema	is	initially	detected	in	the	feet	or	pretibial	area	in	ambulatory	patients	and	in	the	presacral	area	in	bed-bound	individuals,	and	is	described	as	“pitting”	when	a	depression	caused	by	briefly	exerting	pressure	over	a	bony	prominence	does	not	rapidly	refill.	Treatment	Diuretics	are	the	primary
pharmacologic	therapy	for	edema.	Loop	diuretics	are	the	most	potent,	followed	by	thiazide	diuretics	and	then	potassium-sparing	diuretics.	Severe	pulmonary	edema	requires	immediate	pharmacologic	treatment	because	it	is	life	threatening.	Other	forms	of	edema	can	be	treated	gradually	with,	in	addition	to	diuretic
therapy,	sodium	and	water	restriction	and	treatment	of	the	underlying	disease	state.	DISORDERS	OF	CALCIUM	HOMEOSTASIS	ECF	calcium	is	moderately	bound	to	plasma	proteins	(40%),	primarily	albumin.	Ionized	or	free	calcium	is	the	physiologically	active	form	that	is	homeostatically	regulated.	Each	1	g/dL	(10
g/L)	drop	in	serum	albumin	concentration	less	than	4	g/dL	(40	g/L)	decreases	total	serum	calcium	concentration	by	0.8	mg/dL	(0.20	mmol/L).	HYPERCALCEMIA	(TOTAL	SERUM	CALCIUM	>10.5	mg/dL	[>2.62	mmol/L])	Pathophysiology	and	Clinical	Presentation	Cancer	and	hyperparathyroidism	are	the	most	common
causes	of	hypercalcemia.	Primary	mechanisms	include	increased	bone	resorption,	increased	GI	absorption,	and	increased	tubular	reabsorption	by	the	kidneys.	Clinical	presentation	depends	on	the	degree	of	hypercalcemia	and	rate	of	onset.	Mild	to	moderate	hypercalcemia	(serum	calcium	concentration	3.5	mEq/L
(>3.5	mmol/L)	15–30	mmol	IVPB	Potassium	PO4	(4.4	mEq/mL	3	mmol/mL	K)	Serum	K	480	DPI	180–360/180–540	>360–720/>540–1080	>720/>1080	Nebules	500/UK	1000/UK	2000/UK	80–160/160–320	>160–320/>320–640	>320/>640	160/320	320/320–640	≥640/>640	UK/100	UK/200	176–352/264–440	>352/>440	BDP
HFA	MDI	BUD	CIC	HFA	MDI	FLU	HFA	MDI	FFDPI	FP	HFA	MDI	88–176/88–264	1102	DPIs	MF,	DPI	a5–11	100–200/100–300	200–400/300–500	>400/>500	110/110–220	220–440/>220–440	>440/>440	years	of	age,	except	for	BUD	Nebules,	which	is	2–11	years	of	age.	UK,	unknown.	Systemic	toxicity	of	inhaled
corticosteroids	is	minimal	with	low	to	moderate	doses,	but	risk	of	systemic	effects	increases	with	high	doses.	Local	adverse	effects	include	dose-dependent	oropharyngeal	candidiasis	and	dysphonia,	which	can	be	reduced	by	using	a	spacer	device.	Systemic	corticosteroids	(Table	77–3)	are	indicated	in	all	patients	with
acute	severe	asthma	not	responding	completely	to	initial	inhaled	β2-agonist	administration	(every	20	min	for	3	or	4	doses)	and	should	be	administered	within	one	hour	of	presentation.	IV	therapy	offers	no	advantage	over	oral	administration	except	in	patients	unable	to	take	oral	medications.	Adults	are	treated
effectively	with	a	5	to	7	day	course	of	prednisone	(or	equivalent),	but	children	may	require	only	3	to	5	days.	Dexamethasone	as	1	or	2	doses	is	an	option	for	children	and	has	the	benefit	of	less	vomiting.	Full	doses	should	be	continued	until	the	PEF	reaches	70%	of	predicted	normal	or	personal	best.	Tapering	the	dose
after	discharge	is	unnecessary	if	patients	are	prescribed	an	ICS	for	outpatient	therapy.	TABLE	77–3	Comparison	of	Systemic	Corticosteroids	Systemic	Antiinflammatory	Potency	Duration	of	Mineralocorticoid	Biologic	Activity	Potency	(Hours)	Elimination	HalfLife	(Hours)	Hydrocortisone	1	1	8–12	1.5–2	Prednisone	4	0.8
12–36	2.5–3.5	Methylprednisolone	5	0.5	12–36	3.3	Dexamethasone	0	36–72	3.4–4	25	In	patients	who	require	chronic	systemic	corticosteroids	for	asthma	control,	the	lowest	possible	dose	should	be	used.	Toxicities	may	be	decreased	by	alternate-day	therapy	or	high-dose	inhaled	corticosteroids.	Methylxanthines
Theophylline	appears	to	produce	bronchodilation	through	nonselective	phosphodiesterase	inhibition.	Methylxanthines	are	ineffective	by	aerosol	and	must	be	taken	systemically	(orally	or	IV).	Sustained-release	theophylline	is	the	preferred	oral	preparation,	whereas	its	complex	with	ethylenediamine	(aminophylline)	is
the	preferred	parenteral	product	due	to	increased	solubility.	IV	theophylline	is	also	available.	Theophylline	is	eliminated	primarily	by	metabolism	via	hepatic	CYP	P450	enzymes	(primarily	CYP1A2	and	CYP3A4)	with	10%	or	less	excreted	unchanged	in	urine.	CYP	P450	enzymes	are	susceptible	to	induction	and	inhibition
by	environmental	factors	and	drugs.	Significant	reductions	in	clearance	can	result	from	cotherapy	with	cimetidine,	erythromycin,	clarithromycin,	allopurinol,	propranolol,	ciprofloxacin,	interferon,	ticlopidine,	zileuton,	and	other	drugs.	Some	substances	that	enhance	1103	clearance	are	rifampin,	carbamazepine,
phenobarbital,	phenytoin,	charcoal-broiled	meat,	and	cigarette	smoking.	Because	of	large	interpatient	variability	in	theophylline	clearance,	routine	monitoring	of	serum	theophylline	concentrations	is	essential	for	safe	and	effective	use.	A	steadystate	range	of	5	to	15	mcg/mL	(27.75–83.25	μmol/L)	is	effective	and	safe
for	most	patients.	Figure	77–5	gives	recommended	dosages,	monitoring	schedules,	and	dosage	adjustments	for	theophylline.	FIGURE	77–5.	Algorithm	for	slow	titration	of	theophylline	dosage	and	guide	for	final	dosage	adjustment	based	on	serum	theophylline	concentration	measurement.	Sustained-release	oral
preparations	are	preferred	for	outpatients,	but	each	product	has	different	release	characteristics.	Preparations	unaffected	by	food	that	can	be	administered	every	12	or	24	hours	are	preferable.	Adverse	effects	include	nausea,	vomiting,	tachycardia,	jitteriness,	and	difficulty	sleeping;	more	severe	toxicities	include
cardiac	tachyarrhythmias	and	seizures.	Sustained-release	theophylline	is	less	effective	than	inhaled	corticosteroids	and	no	more	effective	than	oral	sustained-release	β2-agonists,	cromolyn,	or	leukotriene	antagonists.	1104	Addition	of	theophylline	to	optimal	inhaled	corticosteroids	is	similar	to	doubling	the	dose	of	the
inhaled	corticosteroid	and	is	less	effective	overall	than	long-acting	β2agonists	as	adjunctive	therapy.	Anticholinergics	Ipratropium	bromide	and	tiotropium	bromide	produce	bronchodilation	only	in	cholinergic-mediated	bronchoconstriction.	Anticholinergics	are	effective	bronchodilators	but	are	not	as	effective	as	β2-
agonists.	They	attenuate	but	do	not	block	allergen-	or	exercise-induced	asthma	in	a	dose-dependent	fashion.	Time	to	reach	maximum	bronchodilation	from	aerosolized	ipratropium	is	longer	than	from	aerosolized	short-acting	β2-agonists	(30–60	min	vs	5–10	min).	However,	some	bronchodilation	is	seen	within	30
seconds,	and	50%	of	maximum	response	occurs	within	3	minutes.	Ipratropium	bromide	has	a	duration	of	action	of	4	to	8	hours;	tiotropium	bromide	has	a	duration	of	24	hours.	In	acute	exacerbations,	inhaled	ipratropium	bromide	produces	a	further	improvement	in	lung	function	of	10%	to	15%	over	inhaled	β2-agonists
alone.	When	added	to	initial	therapy,	ipratropium	bromide	reduces	the	hospitalization	rate	in	patients	with	moderate	to	severe	exacerbations.	Inhaled	ipratropium	bromide	is	only	indicated	as	adjunctive	therapy	in	severe	acute	asthma	not	completely	responsive	to	β2-agonists	alone.	Magnesium	Sulfate	Magnesium
sulfate	is	a	moderately	potent	bronchodilator,	producing	relaxation	of	smooth	muscle	by	blocking	calcium	ion	influx	into	smooth	muscles;	it	may	also	have	antiinflammatory	effects.	For	patients	with	severe	asthma	exacerbations,	a	single	2-gram	IV	infusion	may	reduce	hospital	admissions	in	adults	who	have	an	FEV1
20	g),	soft,	smooth,	and	symmetric.	TREATMENT	1123	Goals	of	Treatment:	The	goals	are	to	control	symptoms,	prevent	progression	of	complications,	and	delay	need	for	surgical	intervention.	Management	options	include	watchful	waiting,	drug	therapy,	and	surgical	intervention.	The	choice	depends	on	severity	of	signs
and	symptoms	(Table	79–1).	TABLE	79–1	Categories	of	BPH	Disease	Severity	Based	on	Symptoms	and	Signs	Disease	Severity	AUA	Symptom	Score	Mild	≤7	Asymptomatic	Peak	urinary	flow	rate	25–50	mL	Moderate	8–19	All	of	the	above	signs	plus	obstructive	voiding	symptoms	and	irritative	voiding	symptoms	(signs	of
detrusor	instability)	Severe	≥20	All	of	the	above	plus	one	or	more	complications	of	BPH	Typical	Symptoms	and	Signs	(AUA,	American	Urological	Association;	BPH,	benign	prostatic	hyperplasia;	PVR,	postvoid	residual.)	Watchful	waiting	is	appropriate	for	patients	with	mild	disease	(Fig.	79–1).	Patients	are	reassessed	at
6	to	12	month	intervals	and	educated	about	behavior	modification,	such	as	fluid	restriction	before	bedtime,	minimizing	caffeine	and	alcohol	intake,	frequent	emptying	of	the	bladder,	and	avoiding	drugs	that	exacerbate	voiding	symptoms.	(BPH,	benign	prostatic	hyperplasia;	BPE,	benign	prostatic	enlargement;	BPO,
benign	prostatic	obstruction.)	FIGURE	79–1.	Management	algorithm	for	benign	prostatic	hyperplasia	(BPH).	PHARMACOLOGIC	THERAPY	Pharmacologic	therapy	is	appropriate	for	patients	with	moderate	BPH	symptoms	and	as	an	interim	measure	for	patients	with	severe	BPH.	Pharmacologic	therapy	interferes	with
the	stimulatory	effect	of	testosterone	on	1124	prostate	gland	enlargement	(reduces	the	static	factor),	relaxes	prostatic	smooth	muscle	(reduces	the	dynamic	factor),	or	relaxes	bladder	detrusor	muscle	(Table	79–	2).	TABLE	79–2	Drug	Dosing	of	Drugs	Used	in	Treatment	of	Benign	Prostatic	Hyperplasia	Brand	Name
Initial	Dose	Usual	Dose	Special	Population	Dose	α-Adrenergic	antagonists	Prazosin	Minipress	0.5	mg	twice	1–5	mg	twice	For	uptitrating	the	dose,	double	the	dose	a	day	orally	a	day	orally	every	2	weeks	Terazosin	Hytrin	1	mg	at	bedtime	orally	10–20	mg	For	uptitrating	the	dose,	increase	slowly	to	daily	orally	2	mg,	5
mg,	and	then	10	mg	daily	in	a	stepwise	fashion.	Take	extra	care	if	the	patient	is	taking	other	drugs	that	lower	blood	pressure	Doxazosin	Cardura	Cardura	XL	1	mg	daily	orally	4	mg	daily	orally	8	mg	daily	orally	4–8	mg	daily	For	the	immediate-release	formulation,	doses	of	16	mg	daily	have	been	used	for	hypertension.
For	the	XL	formulation,	increase	from	4	to	8	mg	daily	after	a	3-	to	4-week	interval.	When	switching	from	the	immediate-	to	the	extended-release	formulation,	start	at	4	mg	of	the	extended-release	formulation	no	matter	what	maintenance	dose	of	immediate-release	doxazosin	the	patient	is	taking	Alfuzosin	Uroxatral	10
mg	daily	orally	10	mg	daily	orally	(no	dose	titration)	This	is	an	extended-release	formulation,	and	it	should	not	be	chewed	or	crushed.	The	drug	should	be	taken	after	meals	and	used	cautiously	in	patients	with	creatinine	clearance	is	less	than	30	mL/min	(0.5	mL/s)	Tamsulosin	Flomax	0.4	mg	daily	orally	0.4–0.8	mg	This
is	an	extended-release	formulation,	daily	orally	and	it	should	not	be	chewed	or	crushed.	The	drug	should	be	taken	after	meals.	No	dosage	adjustment	is	needed	in	patients	with	renal	or	liver	dysfunction.	Allow	several	weeks	after	starting	a	dose	before	increasing	to	a	higher	dose	Silodosin	Rapaflo	8	mg	daily	orally	8
mg	daily	orally	(no	dose	titration)	This	drug	is	contraindicated	when	creatinine	clearance	is	less	than	30	mL/min	(0.5	mL/s).	If	creatinine	clearance	is	30–50	mL/min	(0.5–0.83	mL/s),	use	4	mg	daily	orally,	preferably	after	the	same	meal	each	day.	Should	not	be	given	to	patients	on	potent	CYP	3A4	inhibitors	or	to
patients	known	to	be	poor	metabolizers	of	CYP	2D6.	5α-Reductase	inhibitors	Finasteride	Proscar	5	mg	daily	orally	5	mg	daily	orally	No	dosage	adjustment	in	patients	with	renal	impairment.	Use	cautiously	in	patients	with	hepatic	impairment	Dutasteride	Avodart	0.5	mg	daily	orally	0.5	mg	daily	orally	No	dosage
adjustment	in	patients	with	renal	impairment.	Use	cautiously	in	1125	patients	with	hepatic	impairment	Dutasteride	+	Jalyn	tamsulosin	1	tablet	1	tablet	daily	(equivalent	orally	to	0.5	mg	dutasteride	+	0.4	mg	tamsulosin)	daily	orally	0.5	mg	daily	orally	No	dosage	adjustment	needed	in	patients	with	renal	or	hepatic
impairment	Phosphodiesterase	inhibitor	Tadalafil	Cialis	5	mg	daily	orally	5	mg	daily	orally	If	creatinine	clearance	is	30–50	mL/min	(0.5–0.83	mL/s),	use	2.5	mg	daily	orally.	Do	not	use	if	creatinine	clearance	is	less	than	30	mL/min	(0.5	mL/s)	7.5	mg	daily	orally	7.5–15	mg	For	uptitrating	the	dose,	double	the	dose	daily
orally	after	2	weeks.	If	the	patient	is	taking	a	potent	CYP3A4	inhibitor	(eg,	ketoconazole,	itraconazole,	ritonavir,	nelfinavir,	and	clarithromycin),	do	not	exceed	7.5	mg	daily	orally	4	mg	daily	orally	4–8	mg	daily	orally	Anticholinergic	agents	Darifenacin	Enablex	Fesoterodine	Toviaz	This	is	an	extended-release
formulation,	and	it	should	not	be	chewed	or	crushed.	If	the	patient	is	taking	a	potent	CYP3A4	inhibitor	(eg,	ketoconazole,	itraconazole,	ritonavir,	nelfinavir,	and	clarithromycin),	do	not	exceed	4	mg	daily	orally.	If	the	creatinine	clearance	is	less	than	30	mL/min	(0.5	mL/s),	do	not	exceed	4	mg	daily	orally	Anticholinergic
agents	Oxybutynin	Ditropan	5	mg	two	to	5–10	mg	two	Increase	daily	dose	at	5-mg	increments	at	three	times	to	three	weekly	intervals.	No	specific	dosing	a	day	orally	times	a	day	modifications	available	for	patients	with	orally	renal	impairment,	however	use	cautiously	in	these	patients.	Ditropan	XL	5	mg	daily	orally
Oxytrol	TDS	1	patch	(3.9	1	patch	(3.9	mg	mg)	twice	oxybutynin)	weekly	twice	weekly	5–30	mg	daily	This	is	an	extended	release	formulation,	orally	and	it	should	not	be	crushed	or	chewed.	Increase	daily	dose	at	5-mg	increments	at	weekly	intervals.	No	specific	dosing	modifications	available	for	patients	with	renal
impairment,	but	use	cautiously	in	these	patients.	This	is	a	transdermal	patch.	Apply	to	abdomen,	hip,	or	buttock.	Rotate	application	site.	Do	not	expose	patch	to	sunlight.	No	specific	dosing	modifications	available	for	patients	with	renal	impairment,	however	use	cautiously	in	these	patients.	Gelnique	1	g	gel	(100	1	g
gel	(100	This	is	available	as	premeasured	dose	10%	gel	mg	mg	packets.	Apply	to	abdomen,	thighs,	oxybutynin)	oxybutynin)	upper	arms	or	shoulders.	Wash	hands	daily	daily	after	application.	Do	not	bathe,	shower,	1126	or	swim	for	1	hour	after	application.	Cover	application	site	with	clothing	until	medication	dries	on
skin.	Rotate	application	site	daily.	No	specific	dosing	modifications	available	for	patients	with	renal	impairment,	but	use	cautiously	in	these	patients.	Solifenacin	Vesicare	5	mg	daily	orally	Tolterodine	Detrol	2	mg	twice	2	mg	twice	If	the	patient	has	significant	renal	daily	orally	daily	orally	impairment,	limit	dose	to	1
mg	twice	a	day	Detrol	LA	4	mg	daily	orally	Sanctura	20	mg	twice	20	mg	twice	Avoid	alcohol	ingestion	for	2	hours	after	a	daily	orally	daily	orally	dose.	Use	cautiously	in	patients	with	moderate	or	severe	hepatic	impairment.	In	patients	older	than	75	years,	use	the	immediate-release	formulation	and	start	with	20	mg
daily	orally.	If	the	creatinine	clearance	is	less	than	30	mL/min	(0.5	mL/s),	use	20-mg	immediate-release	formulation	Sanctura	XR	60	mg	daily	orally	60	mg	daily	orally	25	mg	daily	orally	25–50	mg	This	is	an	extended-release	formulation.	daily	orally	Do	not	chew,	crush,	or	divide	tablet.	In	patients	with	a	creatinine
clearance	of	15–29	mL/min	(0.25–0.48	mL/s)	or	those	with	moderate	hepatic	impairment,	the	maximum	daily	dose	should	be	25	mg	daily.	This	drug	is	not	recommended	in	patients	with	creatinine	clearance	less	than	15	mL/min	(0.25	mL/s).	Trospium	5–10	mg	daily	If	the	creatinine	clearance	is	less	than	30	orally
mL/min	(0.5	mL/s)	or	the	patient	has	moderate	hepatic	impairment,	do	not	exceed	5	mg	daily	orally.	If	the	patient	is	taking	a	potent	CYP3A4	inhibitor	(eg,	ketoconazole,	itraconazole,	ritonavir,	nelfinavir,	and	clarithromycin),	do	not	exceed	5	mg	daily	orally	4	mg	daily	orally	The	LA	formulation	is	an	extendedrelease
formulation,	and	it	should	not	be	chewed	or	crushed.	If	the	creatinine	clearance	is	10–30	mL/min	(0.17–0.5	mL/s)	or	the	patient	has	mild/moderate	hepatic	impairment,	do	not	exceed	2	mg	daily	orally.	If	the	creatinine	clearance	is	less	than	10	mL/min	(0.17	mL/s),	do	not	use	Detrol	LA	The	XR	is	an	extended-release
formulation,	and	it	should	not	be	chewed	or	crushed.	This	is	not	recommended	in	patients	with	creatinine	clearance	less	than	30	mL/min	(0.5	mL/s)	β3-Adrenergic	agonist	Mirabegron	Myrbetriq	Initiate	therapy	with	an	α1-adrenergic	antagonist	for	faster	onset	of	symptom	relief.	Select	a	5α-reductase	inhibitor	in
patients	with	a	prostate	gland	more	than	40	g	who	1127	cannot	tolerate	the	cardiovascular	adverse	effects	of	α1-adrenergic	antagonists.	Consider	combination	therapy	for	symptomatic	patients	with	a	prostate	gland	more	than	40	g	and	PSA	of	1.4	ng/mL	or	more	(1.4	mcg/L).	Consider	monotherapy	with	a
phosphodiesterase	inhibitor	or	use	in	combination	with	an	α-adrenergic	antagonist	when	erectile	dysfunction	and	BPH	are	present.	α-Adrenergic	Antagonists	α-Adrenergic	antagonists	relax	smooth	muscle	in	the	prostate	and	bladder	neck,	increasing	urinary	flow	rates	by	2	to	3	mL/sec	in	60%	to	70%	of	patients	and
reducing	PVR	urine	volumes.	These	agents	do	not	decrease	prostate	volume	or	PSA	levels.	Prazosin,	terazosin,	doxazosin,	and	alfuzosin	are	second-generation	α1-adrenergic	antagonists.	They	antagonize	peripheral	vascular	α1-adrenergic	receptors	in	addition	to	those	in	the	prostate.	Adverse	effects	include	first-dose
syncope,	orthostatic	hypotension,	and	dizziness.	Current	practice	guidelines	do	not	recommend	Prazosin	due	to	multiple	doses/day	and	significant	cardiovascular	adverse	effects.	Alfuzosin	is	less	likely	to	cause	cardiovascular	adverse	effects	than	other	second-generation	agents	and	is	considered	functionally	and
clinically	uroselective.	Tamsulosin	and	silodosin,	third-generation	α1-adrenergic	antagonists,	are	selective	for	prostatic	α1A-receptors.	Therefore,	they	do	not	cause	peripheral	vascular	smooth	muscle	relaxation	and	associated	hypotension.	Dose	titration	is	minimal	and	the	onset	of	peak	action	is	seen	within	a	week.
Potential	drug	interactions	include	decreased	metabolism	of	α1-adrenergic	antagonists	with	CYP	3A4	inhibitors	(eg,	cimetidine	and	diltiazem)	and	increased	catabolism	of	α1-adrenergic	antagonists	with	concurrent	use	of	CYP	3A4	stimulators	(eg,	carbamazepine	and	phenytoin).	Reduce	the	dose	of	silodosin	in
patients	with	moderate	renal	impairment	or	hepatic	dysfunction.	5α-Reductase	Inhibitors	5α-Reductase	inhibitors	interfere	with	the	stimulatory	effect	of	testosterone.	These	agents	slow	disease	progression	and	decrease	the	risk	of	complications.	Compared	with	α1-adrenergic	antagonists,	disadvantages	of	5α-
reductase	inhibitors	include	6	to	12	months	of	use	to	maximally	shrink	prostate,	less	likely	to	induce	objective	improvement	and	more	sexual	dysfunction.	They	are	considered	secondline	therapy	in	sexually	active	males.	Dutasteride	inhibits	types	I	and	II	5α-reductase,	whereas	finasteride	inhibits	only	type	II.	5α-
Reductase	inhibitors	may	be	preferred	in	patients	with	uncontrolled	arrhythmias,	poorly	controlled	angina,	take	multiple	antihypertensives,	or	cannot	tolerate	hypotensive	effects	of	α1-adrenergic	antagonists.	Measure	PSA	at	baseline	and	again	after	6	months	of	therapy.	If	PSA	does	not	decrease	by	50%	after	6
months	of	therapy	in	an	adherentpatient,	evaluate	the	patient	for	prostate	cancer.	1128	5α-Reductase	inhibitors	are	in	FDA	pregnancy	category	X	and	are	therefore	contraindicated	in	pregnant	women.	Women	who	are	pregnant	or	of	childbearing	age	should	not	handle	the	tablets	or	have	contact	with	semen	from	men
taking	5αreductase	inhibitors.	Phosphodiesterase	Inhibitors	Increase	in	cyclic	GMP	by	phosphodiesterase	inhibitors	(PI)	relaxes	smooth	muscle	in	the	prostate	and	bladder	neck.	Tadalafil	5	mg	daily	improves	voiding	symptoms	but	does	not	increase	urinary	flow	rate	or	reduce	PVR	urine	volume.	Combination	therapy
with	α-adrenergic	antagonist	results	in	significant	improvement	in	lower	urinary	tract	symptoms	(LUTS),	increased	urinary	flow	rates,	and	decreased	PVR	volume.	Anticholinergic	Agents	Addition	of	oxybutynin	and	tolterodine	to	α-adrenergic	antagonists	relieves	irritative	voiding	symptoms	including	urinary
frequency,	urgency,	and	nocturia.	Start	with	lowest	effective	dose	to	determine	tolerance	of	CNS	adverse	effects	and	dry	mouth.	Measure	PVR	urine	volume	before	initiating	treatment	(should	be	less	than	150	mL).	Consider	transdermal	(eg,	oxybutynin)	or	extended-release	formulations	(eg,	tolterodine)	or	uroselective
agents	(eg,	darifenacin	or	solifenacin)	if	systemic	anticholinergic	adverse	effects	are	poorly	tolerated.	B3-Adrenergic	Agonist	Miragegron	is	a	β3-adrenergic	agonist	that	relaxes	the	detrusor	muscle	reducing	irritative	voiding	systems,	increases	urinary	bladder	capacity,	and	increases	the	interval	between	voidings.	It
does	not	cause	anticholinergic	adverse	effects	and	is	an	alternative	to	anticholinergic	agents	in	patients	with	LUTS.	SURGICAL	INTERVENTION	Prostatectomy,	performed	transurethrally	or	suprapubically,	is	the	gold	standard	for	treatment	of	patients	with	moderate	or	severe	symptoms	of	BPH	and	for	all	patients	with
complications.	Retrograde	ejaculation	complicates	up	to	75%	of	transurethral	prostatectomy	procedures.	Other	complications	seen	in	2%	to	15%	of	patients	are	bleeding,	urinary	incontinence,	and	erectile	dysfunction.	PHYTOTHERAPY	Although	widely	used	in	Europe	for	BPH,	phytotherapy	with	products	such	as	saw
palmetto	berry	(Serenoa	repens),	stinging	nettle	(Urtica	dioica),	and	African	plum	(Pygeum	africanum)	should	be	avoided.	Studies	are	inconclusive,	and	the	purity	of	available	products	is	questionable.	EVALUATION	OF	THERAPEUTIC	OUTCOMES	1129	The	primary	therapeutic	outcome	of	BPH	therapy	is	restoring
adequate	urinary	flow	with	minimal	treatment-related	adverse	effects.	Outcome	depends	on	the	patient’s	perception	of	effectiveness	and	acceptability	of	therapy.	The	American	Urological	Association	Symptom	Score	is	a	validated	standardized	instrument	that	can	be	used	to	assess	patient	quality	of	life.	Objective
measures	of	bladder	emptying	(eg,	urinary	flow	rate	and	PVR	urine	volume)	are	useful	measures	in	patients	considering	surgery.	Monitor	laboratory	tests	(eg,	blood	urea	nitrogen,	creatinine,	and	PSA)	and	urinalysis	regularly.	An	annual	digital	rectal	examination	is	recommended	if	life	expectancy	is	at	least	10	years.
____________	See	Chapter	84,	Benign	Prostatic	Hyperplasia,	authored	by	Mary	Lee	and	Roohollah	Sharifi,	for	a	more	detailed	discussion	of	this	topic.	1130	CHAPTER	1131	80	1132	Erectile	Dysfunction	Erectile	dysfunction	(ED)	is	the	persistent	failure	(minimum	of	3	months)	to	achieve	a	penile	erection	suitable	for
sexual	intercourse.	Patients	often	refer	to	it	as	impotence.	PATHOPHYSIOLOGY	ED	can	result	from	any	single	abnormality	or	combination	of	abnormalities	of	the	four	systems	necessary	for	a	normal	penile	erection.	Vascular,	neurologic,	or	hormonal	etiologies	of	ED	are	referred	to	as	organic	ED.	Patients	who	do	not
respond	to	psychogenic	stimuli	and	have	no	organic	cause	for	dysfunction	have	psychogenic	ED.	The	penis	has	two	corpora	cavernosa	and	one	corpus	spongiosum,	which	contain	interconnected	sinuses	that	fill	with	blood	to	produce	an	erection.	Acetylcholine	works	with	other	neurotransmitters	(ie,	cyclic	guanylate
monophosphate,	cyclic	adenosine	monophosphate,	and	vasoactive	intestinal	polypeptide)	to	produce	penile	arterial	vasodilation	and	ultimately	an	erection.	Organic	ED	is	associated	with	diseases	that	compromise	vascular	flow	to	the	corpora	cavernosum	(eg,	peripheral	vascular	disease,	arteriosclerosis,	and	essential
hypertension),	impair	nerve	conduction	to	the	brain	(eg,	spinal	cord	injury	and	stroke),	or	impair	peripheral	nerve	conduction	(eg,	diabetes	mellitus).	Secondary	ED	is	associated	with	hypogonadism.	Psychogenic	ED	is	associated	with	malaise,	reactive	depression	or	performance	anxiety,	sedation,	Alzheimer	disease,
hypothyroidism,	and	mental	disorders.	Patients	with	psychogenic	ED	generally	have	a	higher	response	rate	to	interventions	than	those	with	organic	ED.	Social	habits	(eg,	cigarette	smoking	and	excessive	ethanol	intake)	and	medications	(Table	80–1)	can	also	cause	ED.	TABLE	80–1	Medication	Classes	That	Can	Cause
Erectile	Dysfunction	Drug	Class	Anticholinergic	agents	(antihistamines,	antiparkinsonian	agents,	tricyclic	antidepressants,	phenothiazines)	Proposed	Mechanism	by	Which	Drug	Causes	Erectile	Dysfunction	Special	Notes	Anticholinergic	activity	1133	Second-generation	nonsedating	antihistamines	(eg,	loratadine,
fexofenadine,	or	cetirizine)	are	associated	with	less	erectile	dysfunction	(ED)	than	firstgeneration	agents.	Selective	serotonin	reuptake	inhibitor	(SSRI)	antidepressants	cause	less	ED	than	tricyclic	antidepressants.	Of	the	SSRIs,	paroxetine,	sertraline,	and	fluoxetine	cause	ED	more	commonly	than	venlafaxine,
nefazodone,	trazodone,	or	mirtazapine.	Phenothiazines	with	less	anticholinergic	effect	(eg,	chlorpromazine)	can	be	substituted	in	some	patients	if	ED	is	a	problem.	Dopamine	antagonists	(eg,	metoclopramide,	phenothiazines)	Inhibit	prolactin	inhibitory	factor,	thereby	increasing	prolactin	levels	Increased	prolactin
levels	inhibit	testicular	testosterone	production;	depressed	libido	results.	Estrogens,	antiandrogens	(eg,	luteinizing	hormone–releasing	hormone	superagonists,	digoxin,	spironolactone,	ketoconazole,	cimetidine)	Suppress	testosteronemediated	stimulation	of	libido	In	the	face	of	a	decreased	libido,	a	secondary	ED
develops	because	of	diminished	sexual	drive.	Central	nervous	system	depressants	Suppress	perception	of	(eg,	barbiturates,	narcotics,	psychogenic	stimuli	benzodiazepines,	short-term	use	of	large	doses	of	alcohol,	anticonvulsants)	Agents	that	decrease	penile	blood	Reduce	arteriolar	flow	flow	(eg,	diuretics,	peripheral
βto	corpora	adrenergic	antagonists,	or	central	sympatholytics	[methyldopa,	clonidine,	guanethidine])	Miscellaneous	Finasteride,	dutasteride	Lithium	carbonate	Gemfibrozil	Interferon	Clofibrate	Monoamine	oxidase	inhibitors	Any	diuretic	that	produces	a	significant	decrease	in	intravascular	volume	can	decrease	penile
arteriolar	flow.	Safer	antihypertensives	include	angiotensin-converting	enzyme	inhibitors,	postsynaptic	α1adrenergic	antagonists	(terazosin,	doxazosin),	calcium	channel	blockers,	and	angiotensin	II	receptor	antagonists.	Unknown	mechanism	CLINICAL	PRESENTATION	Signs	and	symptoms	of	ED	can	be	difficult	to
detect.	The	patient’s	partner	is	often	the	first	to	report	ED	to	the	healthcare	provider.	Nonadherence	to	drugs	thought	to	cause	ED	can	be	a	sign	of	ED.	DIAGNOSIS	Key	diagnostic	assessments	include	description	of	ED	severity,	medical,	psychological,	and	surgical	histories,	review	of	concurrent	medications,	physical
examination,	and	laboratory	tests	(ie,	serum	blood	glucose,	lipid	profile,	and	testosterone	level).	1134	Assess	the	severity	of	ED	with	a	standardized	questionnaire.	Complete	a	cardiovascular	risk	assessment	before	initiating	ED	therapy	in	older	men	and	in	those	at	intermediate	and	high	risk	for	cardiovascular	disease.
TREATMENT	Goal	of	Treatment:	The	goal	is	to	improve	the	quantity	and	quality	of	penile	erections	suitable	for	intercourse.	The	first	step	in	management	of	ED	is	to	identify	and,	if	possible,	reverse	underlying	causes.	Psychotherapy	can	be	used	as	monotherapy	for	psychogenic	ED	or	as	an	adjunct	to	specific
treatments.	Treatment	options	include	vacuum	erection	devices	(VEDs),	drugs	(Table	80–2),	and	surgery.	Although	no	option	is	ideal,	the	least	invasive	options	are	chosen	first	(Fig.	80–1).	TABLE	80–2	Drug	Dosing	Regimens	for	Selected	Drug	Treatments	for	Erectile	Dysfunction	Brand	Name	Initial	Dose	Usual	Range
Special	Population	Dose	Other	Phosphodiesterase	inhibitor	Sildenafil	Viagra	50	mg	orally	1	hour	25–100	mg	1	before	hour	before	intercourse	intercourse.	Limit	to	one	dose	per	day	Vardenafil	Levitra	5–10	mg	orally	1	hour	before	intercourse	1135	In	patients	age	65	Titrate	dose	so	years	and	older,	that	erection	start
with	25	mg	lasts	no	more	dose.	In	than	1	hour.	patients	with	Food	decreases	creatinine	absorption	by	1	clearance	less	hour.	than	30	mL/min	Contraindicated	(0.5	mL/s)	or	with	nitrates	by	severe	hepatic	any	route	of	impairment,	administration.	limit	starting	dose	to	25	mg.	In	patients	taking	potent	P450	CYP3A4
inhibitors,	limit	starting	dose	to	25	mg	every	48	hours.	5–20	mg	1	hour	In	patients	age	65	Titrate	dose	so	before	years	and	older,	that	erection	intercourse.	start	with	5	mg	lasts	no	more	Limit	to	one	Levitra.	No	than	1	hour.	dose	per	day	dosage	Food	decreases	adjustment	is	absorption	by	1	required	in	hour.	patients
with	Contraindicated	decreased	with	nitrates	by	creatinine	any	route	of	clearance.	In	administration.	patients	with	moderate	hepatic	impairment,	start	with	5	mg	Levitra.	In	patients	taking	potent	P450	CYP3A4	inhibitors,	limit	starting	dose	to	2.5–5	mg	every	24–72	hours.	Not	recommended	in	patients	with	congenital
prolonged	QT	interval	or	in	patients	taking	Type	1A	or	Type	3	antiarrhythmics.	Tadalafil	Staxyn	10	mg	tablet	to	dissolve	on	the	tongue	1	hour	before	intercourse	Cialis	5–10	mg	orally	at	10–20	mg	at	Dose	of	tadalafil	Titrate	dose	so	least	30	minutes	least	30	requires	no	that	erection	before	minutes	dosage	lasts	not
more	intercourse	before	adjustment	in	than	1	hour.	intercourse.	patients	65	Food	does	not	OR	Limit	to	one	years	or	older.	affect	rate	or	2.5–5	mg	orally	dose	per	day;	In	patients	with	extent	of	drug	once	daily	the	drug	creatinine	absorption.	improves	clearance	of	Contraindicated	erectile	30–50	mL/min	with	nitrates	by
function	for	up	(0.5–0.83	any	route	of	to	36	hours	mL/s),	limit	administration.	starting	dose	to	When	taken	with	2.5–5	mg	once	10	mg	every	48	large	amounts	of	daily.	Limit	to	hours;	if	less	ethanol,	tadalafil	one	dose	per	1136	10	mg	tablet	to	Dose	of	Staxyn	Staxyn	should	be	dissolve	on	requires	no	taken	without	the
tongue	1	adjustment	in	any	liquid	or	hour	before	patients	65	food.	The	tablet	intercourse.	years	or	older	should	be	placed	Limit	to	one	or	in	patients	on	the	tongue	dose	per	day.	with	creatinine	where	it	will	clearance	less	dissolve.	No	upthan	30	mL/min	titration	of	dose	(0.5	mL/s).	Do	is	not	use	in	recommended.
patients	with	Do	not	substitute	moderate	or	Staxyn	for	severe	hepatic	Levitra,	or	vice	impairment	or	versa.	those	taking	moderately	or	highly	potent	P450	CYP3A4	inhibitors.	Do	not	initiate	Staxyn	in	patients	taking	α-adrenergic	antagonists.	day	Avanafil	50–200	mg	orally	15–30	minutes	before	intercourse	than	30
mL/min	(0.5	mL/s),	limit	starting	dose	to	5	mg	every	72	hours.	In	patients	with	mild-moderate	hepatic	impairment,	limit	starting	dose	to	10	mg	every	24	hours.	Do	not	use	in	patients	with	severe	hepatic	impairment.	In	patients	taking	potent	P450	CYP3A4	inhibitors,	limit	starting	dose	to	10	mg	every	72	hours	(if	using
it	on	demand)	or	2.5	mg	daily	(if	using	a	continuous	daily	regimen).	Stendra	100	mg	orally	15–	30	minutes	before	intercourse	Caverject,	Edex	2.5	mcg	10–20	mcg	5–10	None	intracavernosally	minutes	5–10	minutes	before	before	intercourse.	intercourse	Maximum	recommended	dose	is	60	mcg.	Limit	to	not	more	than
one	injection	may	cause	orthostatic	hypotension.	In	patients	with	May	be	taken	with	creatinine	food.	When	clearance	of	taken	with	large	30–89	mL/min	amounts	of	(0.5–1.49	ethanol,	avanafil	mL/s),	no	may	cause	dosage	orthostatic	adjustment	is	hypotension.	needed.	Do	not	use	if	creatinine	clearance	is	less	than	30
mL/min	(0.5	mL/s),	if	the	patient	has	severe	hepatic	disease,	or	if	the	patient	is	taking	P450	CYP3A4	inhibitors.	Prostaglandin	E1	Alprostadil	intracavernosal	injection	1137	Titrate	dose	to	achieve	an	erection	that	lasts	1	hour	Patient	will	require	training	on	aseptic	intracavernosal	injection	technique.	per	day	and	not
more	than	three	injections	per	week	with	a	24	hour	interval	between	doses.	Alprostadil	intraurethral	pellet	Muse	Avoid	intracavernosal	injections	in	patients	with	sickle	cell	anemia,	multiple	myeloma,	leukemia,	severe	coagulopathy,	schizophrenia,	poor	manual	dexterity,	severe	venous	incompetence,	severe
cardiovascular	disease,	or	Peyronie’s	disease.	125–250	mcg	250–1000	mcg	None	intraurethrally	5–	just	before	10	minutes	intercourse.	before	Limit	to	not	intercourse	more	than	two	doses	per	day	Patient	will	require	training	on	proper	intraurethral	administration	techniques.	Use	applicator	provided	to	administer
medications	to	avoid	urethral	injury.	Testosterone	supplements	Methyltestosterone	Android,	Testred,	Methitest	10	mg	once	daily	10–50	mg	once	daily	Will	likely	cause	Not	recommended	fluid	retention	in	for	use	due	to	patients	with	extensive	firstrenal	or	hepatic	pass	hepatic	disease	catabolism	and	because	it	is
associated	with	hepatotoxicity.	Fluoxymesterone	Androxy	5	mg	once	daily	5–20	mg	once	daily	Contraindicated	in	Not	recommended	patients	with	because	it	is	severe	renal	or	associated	with	hepatic	hepatotoxicity.	impairment	This	is	a	17αalkylated	androgen.	Testosterone	buccal	system	Striant	30	mg	every	12	hours,
morning	and	evening	30	mg	every	12	hours,	morning	and	evening	1138	Time	the	dose	so	that	buccal	system	is	removed	before	every	morning	and	evening	toothbrushing.	Place	buccal	system	just	above	incisor	tooth	on	both	sides	of	the	mouth,	and	hold	in	place	for	30	seconds	to	adhere.	To	remove,	slide	buccal	system
down	toward	the	tooth.	Buccal	tablet	may	become	detached	during	eating.	If	this	occurs,	discard	and	replace	with	new	buccal	system.	Do	not	chew	or	swallow	buccal	system.	Testosterone	cypionate	intramuscular	injection	Depo200–400	mg	every	200–400	mg	Testosterone	2–4	weeks	every	2–4	weeks	(up	to	6	weeks)
Contraindicated	in	During	the	dosing	patients	with	interval,	severe	hepatic	supraphysiologic	or	renal	serum	impairment	concentrations	of	testosterone	are	produced	during	a	portion	of	the	dosing	interval.	This	has	been	linked	to	mood	swings.	Testosterone	enanthate	intramuscular	injection	Delatestryl	200–400	mg
every	200–400	mg	2–4	weeks	every	2–4	weeks	(up	to	6	weeks)	Although	not	so	During	the	dosing	labeled,	it	interval,	should	probably	supraphysiologic	not	be	used	in	serum	patients	with	concentrations	severe	hepatic	of	testosterone	or	renal	are	produced	impairment	during	a	portion	of	the	dosing	interval.	This	has
been	linked	to	mood	swings.	Testosterone	undecanoate	intramuscular	injection	Aveed	750	mg	as	a	single	750	mg	as	a	dose	single	dose	on	day	0,	week	4,	and	then	750	mg	every	10	weeks	Testosterone	transdermal	patch	Androderm	4	mg	as	a	single	2–6	mg	as	a	Safety	in	patients	When	dose	at	bedtime	single	dose	at
with	hepatic	or	administered	at	bedtime	renal	bedtime,	serum	dysfunction	has	concentrations	not	been	of	testosterone	evaluated	in	the	usual	circadian	pattern	are	produced.	Apply	to	those	1139	Only	available	in	facilities	certified	through	a	Risk	Evaluation	and	Mitigation	Strategy	Program.	sites	recommended	in	the
package	labeling:	upper	arm,	back,	abdomen,	and	thigh.	Rotate	application	sites	every	7	days.	May	have	to	apply	multiple	patches	at	one	time	to	achieve	appropriate	serum	testosterone	level.	Avoid	swimming,	showering,	or	washing	administration	site	for	3	hours	after	patch	application.	Testosterone	gel	Androgel	1%,
Testim	1%	5–10	g	of	gel	(equivalent	to	50–100	mg	testosterone,	respectively)	as	a	single	dose	in	the	morning	1140	5–10	g	of	gel	None	(equivalent	to	50–100	mg	testosterone,	respectively)	as	a	single	dose	in	the	morning.	Titrate	dose	up	at	14-day	intervals	Cover	application	site	to	avoid	inadvertent	transfer	to	others.
Avoid	swimming,	showering,	or	washing	administration	site	for	2	hours	after	gel	application.	Apply	to	those	sites	recommended	in	the	product	labeling:	shoulders,	upper	arms,	or	abdomen.	Children	and	women	should	avoid	contact	with	unclothed	or	unwashed	application	sites.	Patients	should	wash	hands	with	soap
and	water	after	administration	of	transdermal	testosterone	product.	For	patients	who	have	difficulty	measuring	the	appropriate	dose	using	tubes	of	gel,	it	is	also	available	in	premeasured	dose	packets	or	from	a	pump	dispenser.	Androgel	1.6%	2	pumps	2–4	pumps	(equivalent	to	(equivalent	to	40.5	mg	40.5-81	mg)
testosterone)	as	as	a	single	a	single	dose	in	dose	in	the	the	morning	morning	Apply	to	shoulders	and	upper	arms.	Avoid	swimming,	showering,	or	washing	administration	site	for	2	hours	after	application.	Titrate	dose	14–	28	days	after	starting	treatment.	Testosterone	transdermal	spray	Fortesta	Four	sprays	Four	to
seven	(equivalent	to	40	sprays	mg	testosterone)	(equivalent	to	once	daily	40–70	mg	testosterone)	once	daily.	Titrate	dose	up	at	14-	to	35-day	intervals.	Cover	application	site	to	avoid	inadvertent	transfer	to	others.	Avoid	swimming,	showering,	or	washing	administration	site	for	2	hours	after	spray	application.	Apply	to
those	sites	recommended	in	the	product	labeling:	front	and	inner	thighs.	Children	and	women	should	avoid	contact	with	unclothed	or	unwashed	application	sites.	Patients	should	wash	hands	with	soap	and	water	after	administration	of	transdermal	testosterone	product.	Testosterone	transdermal	solution	Axiron	Two
pump	sprays	One	to	four	(equivalent	to	60	pump	sprays	mg	testosterone)	(equivalent	to	to	left	or	right	30–120	mg	axilla	daily	testosterone,	respectively)	to	left	or	right	axilla	daily.	Limit	application	to	axilla.	Apply	antiperspirant	or	deodorant	before	Axiron.	Avoid	swimming,	showering,	or	washing	1141	Titrate	dose	up
at	14-	to	35-day	intervals	Testosterone	subcutaneous	implant	pellet	Testopel	150–450	150–450	mg	as	(equivalent	to	2–	a	single	dose	6	pellets)	mg	as	every	3–6	a	single	dose	months	every	3–6	months.	Administration	of	the	dose	requires	a	forearm	incision	and	subcutaneous	dose	implant	under	local	anesthesia	1142
administration	site	for	2	hours	after	application.	Trained	health	professional	is	required	to	administer	the	dose.	Should	use	sterile	implanter	kit.	Clinical	onset	is	delayed	for	3–4	months	after	initial	dose.	Generic	formulations	are	available	in	higher	strengths:	100	mg	or	200	mg	per	pellet.	FIGURE	80–1.	Algorithm	for
selecting	treatment	for	erectile	dysfunction	(ED).	NONPHARMACOLOGIC	TREATMENT	Vacuum	Erection	Device	First-line	therapy	for	older	patients	in	stable	relationships.	Onset	of	action	is	slow	(ie,	3–20	minutes).	An	erection	can	be	prolonged	through	use	of	constriction	bands	or	tension	rings.	Consider	VEDs	as
second-line	therapy	after	failure	of	oral	or	injectable	drugs.	Response	rate	improves	with	addition	of	alprostadil	or	a	phosphodiesterase	inhibitor	(PI).	VEDs	are	contraindicated	in	patients	with	sickle	cell	disease	or	a	history	of	prolonged	erections.	Use	cautiously	in	patients	taking	warfarin	because,	through	a	poorly
understood	and	idiosyncratic	mechanism,	it	can	cause	priapism.	Surgery	Surgical	insertion	of	a	penile	prosthesis,	the	most	invasive	treatment	for	ED,	is	used	after	failure	of	less	invasive	treatments	and	for	patients	who	are	not	candidates	for	other	treatments.	PHARMACOLOGIC	TREATMENTS	Phosphodiesterase
Inhibitors	1143	Phosphodiesterase	mediates	catabolism	of	cyclic	guanylate	monophosphate,	a	vasodilatory	neurotransmitter	in	the	corporal	tissue.	PIs	are	selective	for	isoenzyme	type	5	in	genital	tissue.	Inhibition	of	this	isoenzyme	in	nongenital	tissues	(eg,	peripheral	vascular	tissue,	tracheal	smooth	muscle,	and
platelets)	can	produce	adverse	effects.	Available	agents	(avanafil,	sildenafil,	tadalafil,	and	vardenafil)	have	different	pharmacokinetic	profiles	(Table	80–3),	drug–food	interactions,	and	adverse	effects.	They	are	considered	equally	effective	despite	no	comparative	clinical	trial	data.	TABLE	80–3	Pharmacodynamics	and
Pharmacokinetics	of	Phosphodiesterase	Inhibitors	Sildenafil	(Viagra)	Vardenafil	(Levitra/Staxyn)	Tadalafil	(Cialis)	Avanafil	(Stendra)	Inhibits	PDE-5	Yes	Yes	Yes	Yes	Inhibits	PDE-6	Yes	Minimally	No	Minimally	Inhibits	PDE-11	No	No	Yes	Minimally	Time	to	peak	plasma	level	(hours)	0.5–1	0.7–0.9/1.5	2	0.5–0.8	Oral
bioavailability	(%)	40	15/21–44	36	15	Fatty	meal	decreases	rate	of	Yes	oral	absorption?	Yes/Noa	No	No	Mean	plasma	half-life	(hours)	3.7	4.4–4.8/4–6	18	4–5	Active	metabolite	Yes	Yes/Yes	No	Yes	Is	CYP	3A4	principally	responsible	for	metabolism?	Yes	Yes	Yes	Yes	Other	CYP	enzymes	CYP	2C9	responsible	for	metabolism
CYP	3A5,	CYP	2C9	CYP	2C	Percentage	of	dose	excreted	80	in	feces	91–95/91–95	61	62	Percentage	of	dose	excreted	13	in	urine	2–6/2–6	36	21	Clinical	onset	(minutes)	30	30/60	45	25–40	Duration	(hours)	4	4–5/4–6	24–36	6+	(PDE,	phosphodiesterase.)	aWhen	Staxyn	is	taken	with	water,	the	area	under	the	curve	decreases
by	29%.	Used	with	permission	from	Nehra	A,	Jackson	G,	Miner	M,	et	al.	The	Princeton	III	Consensus	Recommendations	for	the	Management	of	Erectile	Dysfunction	and	Cardiovascular	Disease.	Mayo	Clin	Proc	2012;87(8):766–778.	PIs	are	first-line	therapy	for	younger	patients.	Effectiveness	appears	to	be	dose	related;
nonresponse	rate	is	30%	to	40%.	Patient	education	is	critical	for	clinical	success.	Hepatic	metabolism	of	all	four	PIs	can	be	inhibited	by	enzyme	inhibitors	of	CYP	3A4.	Use	a	lower	starting	dose	to	minimize	dose-related	adverse	effects.	Avoid	exceeding	prescribed	doses	due	to	increased	frequency	of	adverse	effects	and
1144	inconsistent	erectile	responses.	In	usual	doses,	the	most	common	adverse	effects	include	headache,	facial	flushing,	dyspepsia,	nasal	congestion,	and	dizziness	that	are	all	dose	related.	Sildenafil	and	vardenafil	decrease	systolic/diastolic	blood	pressure	by	8	to	10/5	to	6	mm	Hg	for	1	to	4	hours	after	a	dose.
Although	most	patients	are	asymptomatic,	multiple	antihypertensives,	nitrates,	and	baseline	hypotension	increase	the	risk	of	developing	adverse	effects.	Avanafil	is	associated	with	similar	decreases	in	blood	pressure.	Tadalafil	is	not	associated	with	blood	pressure	decreases,	but	use	with	caution	in	patients	with
cardiovascular	disease	because	of	the	inherent	cardiac	risk	associated	with	sexual	activity.	Guidelines	are	available	for	stratifying	patients	on	the	basis	of	their	cardiovascular	risk	(Table	80–4).	TABLE	80–4	Recommendations	of	the	Third	Princeton	Consensus	Conference	for	Cardiovascular	Risk	Stratification	of
Patients	Being	Considered	for	Phosphodiesterase	Inhibitor	Therapy	Risk	Category	Description	of	Patient’s	Condition	Management	Approach	Low	risk	Has	asymptomatic	cardiovascular	disease	with	8	weeks	ago	Patient	can	be	started	on	phosphodiesterase	inhibitor	Intermediate	risk	Has	≥3	risk	factors	for
cardiovascular	disease	Has	mild	or	moderate,	stable	angina	Had	a	recent	myocardial	infarction	or	stroke	within	the	past	2-8	weeks	Has	moderate	congestive	heart	failure	(NYHA	class	III)	History	of	stroke,	transient	ischemic	attack,	or	peripheral	artery	disease	Patient	should	undergo	complete	cardiovascular	workup
and	treadmill	stress	test	to	determine	tolerance	to	increased	myocardial	energy	consumption	associated	with	increased	sexual	activity.	Reclassify	in	low	or	high	risk	category	High	risk	Has	unstable	or	refractory	angina,	Phosphodiesterase	inhibitor	is	despite	treatment	contraindicated;	sexual	intercourse	should	be
deferred	Has	uncontrolled	hypertension	Has	severe	congestive	heart	failure	(NYHA	class	IV)	Had	a	recent	myocardial	infarction	or	stroke	within	past	2	weeks	Has	moderate	or	severe	valvular	heart	disease	Has	high-risk	cardiac	arrhythmias	Has	obstructive	hypertrophic	cardiomyopathy	(NYHA,	New	York	Heart
Association.)	Use	PIs	cautiously	in	patients	at	risk	for	retinitis	pigmentosa	and	by	pilots	who	rely	on	blue	and	green	lights	to	land	airplanes.	Evaluate	patients	with	sudden	vision	loss	1145	before	continuing	treatment.	Tadalafil	inhibits	type	11	phosphodiesterase,	which	is	thought	to	account	for	the	dose-related	back
and	muscle	pain	seen	in	7%	to	30%	of	patients.	PIs	are	contraindicated	in	patients	taking	nitrates.	Use	cautiously	in	patients	taking	αadrenergic	antagonists.	Testosterone-Replacement	Regimens	Testosterone-replacement	regimens	restore	serum	testosterone	levels	to	the	normal	range	(300–1100	ng/dL;	10.4–38.2
nmol/L).	These	regimens	are	indicated	for	symptomatic	patients	with	hypogonadism	as	confirmed	by	both	a	decreased	libido	and	low	serum	testosterone	concentrations.	Testosterone-replacement	regimens	correct	secondary	ED	by	improving	libido.	Improved	muscle	strength,	sexual	drive,	and	mood	are	observed
within	days	or	weeks	of	initiating	treatment.	Oral,	buccal,	parenteral,	and	transdermal	products	are	available	(see	Table	80–2).	Injectable	regimens	are	preferred	because	they	are	effective,	inexpensive,	and	do	not	have	the	bioavailability	problems	or	adverse	hepatotoxic	effects	of	oral	regimens.	Testosterone	patches,
gels,	and	sprays	are	more	expensive	than	other	forms	and	should	be	reserved	for	patients	who	refuse	injections.	Screen	patients	40	years	and	older	for	breast	cancer,	benign	prostatic	hyperplasia	(BPH)	and	prostate	cancer	before	starting	therapy.	Continue	treatment	for	2	to	3	months	before	an	increase	in	dosage	is
considered.	Testosterone	replacement	can	cause	sodium	retention,	which	can	result	in	weight	gain	or	exacerbate	hypertension,	congestive	heart	failure,	and	edema;	gynecomastia;	serum	lipoprotein	changes;	and	polycythemia.	Oral	testosterone-replacement	regimens	can	cause	hepatotoxicity,	ranging	from	mildly
elevated	hepatic	transaminases	to	serious	liver	diseases	(eg,	peliosis	hepatitis,	hepatocellular	and	intrahepatic	cholestasis,	and	benign	or	malignant	tumors).	Topical	testosterone	patches	may	cause	contact	dermatitis	that	responds	to	topical	corticosteroids.	Alprostadil	Alprostadil,	or	prostaglandin	E1,	stimulates
adenyl	cyclase	to	increase	production	of	cyclic	adenosine	monophosphate,	a	neurotransmitter	that	ultimately	enhances	blood	flow	to	and	blood	filling	of	the	corpora.	Alprostadil	is	approved	as	monotherapy	for	the	management	of	ED.	It	is	generally	prescribed	after	failure	of	VEDs	and	PIs	and	for	patients	who	cannot
use	these	therapies.	The	intracavernosal	route	is	more	effective	than	the	intraurethral	route.	INTRACAVERNOSAL	INJECTION	Intracavernosal	alprostadil	is	effective	in	70%	to	90%	of	patients,	but	30%	to	50%	discontinue	therapy	during	first	6	to	12	months.	Perceived	ineffectiveness,	inconvenience	of	administration,
unnatural,	nonspontaneous	erection,	needle	phobia,	loss	of	interest,	and	cost	of	therapy	are	reasons	given	for	discontinuation.	1146	Intracavernosal	alprostadil	is	used	successfully	in	combination	with	VEDs	or	vasoactive	agents	(eg,	papaverine	and	phentolamine)	that	act	by	different	mechanisms.	Intracavernosal
alprostadil	acts	rapidly,	with	an	onset	of	5	to	15	minutes.	Duration	of	action	is	dose	related	and,	within	the	usual	dosage	range,	lasts	less	than	1	hour.	To	avoid	adverse	effects,	the	maximum	number	of	injections	is	one	daily	and	three	weekly,	with	at	least	24	hours	between	doses.	Usual	dose	is	10	to	20	mcg	up	to	a
maximum	of	60	mcg.	The	manufacturer	recommends	slow	dose	titration,	but	in	clinical	practice,	most	patients	start	with	10	mcg	and	titrate	quickly.	Local	adverse	effects	occur	during	the	first	year	of	therapy,	including	cavernosal	plaques	or	fibrosis	at	the	injection	site	(2%–12%	of	patients),	penile	pain	(10%–	44%),
and	priapism	(1%–15%).	Penile	pain	is	usually	mild	and	self-limiting,	but	priapism	(ie,	painful,	drug-induced	erection	lasting	>1	hours)	necessitates	immediate	medical	attention.	Use	cautiously	in	patients	at	risk	of	priapism	(eg,	sickle	cell	disease	or	lymphoproliferative	disorders)	and	bleeding	complications
secondary	to	injections.	INTRAURETHRAL	ADMINISTRATION	Instill	intraurethral	alprostadil,	125	to	1000	mcg	5	to	10	minutes	before	intercourse	after	emptying	the	bladder.	No	more	than	two	doses	daily	are	recommended.	Intraurethral	administration	is	associated	with	mild	pain	in	24%	to	32%	of	patients.
Prolonged	painful	erections	are	rare.	Female	partners	may	experience	vaginal	burning,	itching,	or	pain,	which	is	probably	related	to	transfer	of	alprostadil	during	intercourse.	Unapproved	Agents	A	variety	of	commercially	available	and	investigational	agents	have	been	used	for	management	of	ED.	Examples	include
yohimbine	(6	mg	three	times	daily),	papaverine	(7.5–60	mg	[single-agent	therapy]	or	0.5–20	mg	[combination	therapy]	intracavernosal	injection),	and	phentolamine	(0.5–1	mg	in	combination	with	30	mg	papaverine;	dose	administered	ranges	from	0.1	to	1	mL	of	the	mixture	as	an	intracavernosal	injection).
EVALUATION	OF	THERAPEUTIC	OUTCOMES	The	primary	therapeutic	outcomes	for	ED	are	improving	the	quantity	and	quality	of	penile	erections	suitable	for	intercourse	and	avoiding	adverse	drug	reactions	and	interactions.	Assess	the	patient	at	baseline	and	after	a	treatment	trial	period	of	1	to	3	weeks.	Identify
patients	with	unrealistic	expectations	and	counsel	accordingly	to	avoid	adverse	effects	due	to	excessive	use	of	erectogenic	agents.	____________	See	Chapter	83,	Erectile	Dysfunction,	authored	by	Mary	Lee	and	Roohollah	Sharifi,	for	1147	a	more	detailed	discussion	of	this	topic.	1148	CHAPTER	1149	81	1150	Urinary
Incontinence	Urinary	incontinence	(UI)	is	the	complaint	of	involuntary	leakage	of	urine.	PATHOPHYSIOLOGY	The	urethral	sphincter,	a	combination	of	smooth	and	striated	muscles	within	and	external	to	the	urethra,	maintains	adequate	resistance	to	the	flow	of	urine	from	the	bladder	until	voluntary	voiding	is
initiated.	Volitional	and	involuntary	bladder	contractions	are	mediated	by	activation	of	postsynaptic	muscarinic	receptors	by	acetylcholine.	Bladder	smooth	muscle	cholinergic	receptors	are	mainly	of	the	M2	variety;	however,	M3	receptors	are	responsible	for	both	emptying	contraction	of	normal	micturition	and
involuntary	bladder	contractions,	which	can	result	in	UI.	Therefore,	most	pharmacologic	antimuscarinic	therapy	is	anti-M3	based.	UI	occurs	as	a	result	of	overactivity	or	underactivity	of	the	urethra,	bladder,	or	both.	Urethral	underactivity	is	known	as	stress	UI	(SUI)	and	occurs	during	activities	such	as	exercise,
running,	lifting,	coughing,	and	sneezing.	The	urethral	sphincter	no	longer	resists	the	flow	of	urine	from	the	bladder	during	periods	of	physical	activity.	Bladder	overactivity	is	known	as	urge	UI	(UUI)	and	is	associated	with	increased	urinary	frequency	and	urgency,	with	or	without	urge	incontinence.	The	detrusor
muscle	is	overactive	and	contracts	inappropriately	during	the	filling	phase.	Urethral	overactivity	and/or	bladder	underactivity	is	known	as	overflow	incontinence.	The	bladder	is	filled	to	capacity	but	is	unable	to	empty,	causing	urine	to	leak	from	a	distended	bladder	past	a	normal	outlet	and	sphincter.	Common	causes
of	urethral	overactivity	include	benign	prostatic	hyperplasia	(see	Chap.	79);	prostate	cancer	(see	Chap.	64);	and,	in	women,	cystocele	formation	or	surgical	overcorrection	after	SUI	surgery.	Mixed	incontinence	includes	the	combination	of	bladder	overactivity	and	urethral	underactivity.	Functional	incontinence	is	not
caused	by	bladder-	or	urethra-specific	factors	but	rather	occurs	in	patients	with	conditions	such	as	cognitive	or	mobility	deficits.	Many	medications	may	precipitate	or	aggravate	voiding	dysfunction	and	UI	(Table	81–1).	TABLE	81–1	Medications	That	Influence	Lower	Urinary	Tract	Function	Medication	Effect	Diuretics,
acetylcholinesterase	inhibitors	Polyuria	resulting	in	urinary	frequency,	urgency	α-Receptor	antagonists	Urethral	muscle	relaxation	and	stress	urinary	incontinence	α-Receptor	agonists	Urethral	muscle	contraction	(increased	urethral	closure	forces)	resulting	in	urinary	retention	(more	common	in	men)	1151	Calcium
channel	blockers	Urinary	retention	due	to	reduced	bladder	contractility	Narcotic	analgesics	Urinary	retention	due	to	reduced	bladder	contractility	Sedative	hypnotics	Functional	incontinence	caused	by	delirium,	immobility	Antipsychotic	agents	Anticholinergic	effects	resulting	in	reduced	bladder	contractility	and
urinary	retention	Anticholinergics	Urinary	retention	due	to	reduced	bladder	contractility	Antidepressants,	tricyclic	Anticholinergic	effects	resulting	in	reduced	bladder	contractility,	and	α-antagonist	effects	resulting	in	urethral	smooth	muscle	contraction	(increased	urethral	closure	forces)	both	contributing	to
urinary	retention	Alcohol	Polyuria	resulting	in	urinary	frequency,	urgency	ACEIs	Cough	as	a	result	of	ACEIs	may	aggravate	stress	urinary	incontinence	(ACEIs,	angiotensin-converting	enzyme	inhibitors.)	CINICAL	PRESENTATION	Signs	and	symptoms	of	UI	depend	on	the	underlying	pathophysiology	(Table	81–2).
Patients	with	SUI	generally	complain	of	urine	leakage	with	physical	activity,	whereas	those	with	UUI	complain	of	frequency,	urgency,	high-volume	incontinence,	and	nocturia	and	nocturnal	incontinence.	TABLE	81–2	Differentiating	Bladder	Overactivity	from	Urethral	UnderactivityRelated	UI	Symptoms	Bladder
Overactivity	(UUI)	Urethral	Underactivity	(SUI)	Urgency	(strong,	sudden	desire	to	void)	Yes	Sometimes	Frequency	with	urgency	Yes	Rarely	Leaking	during	physical	activity	(eg,	coughing,	sneezing,	lifting)	No	Yes	Amount	of	urinary	leakage	with	each	episode	of	incontinence	Large	if	present	Usually	small	Ability	to
reach	the	toilet	in	time	following	an	urge	No	or	just	barely	to	void	Yes	Nocturnal	incontinence	(presence	of	wet	pads	or	undergarments	in	bed)	Yes	Rare	Nocturia	(waking	to	pass	urine	at	night)	Usually	Seldom	Urethral	overactivity	and/or	bladder	underactivity	is	a	rare	but	important	cause	of	UI.	Patients	complain	of
lower	abdominal	fullness,	hesitancy,	straining	to	void,	decreased	force	of	stream,	interrupted	stream,	and	sense	of	incomplete	bladder	emptying.	Patients	can	also	have	urinary	frequency,	urgency,	and	abdominal	pain.	1152	DIAGNOSIS	A	complete	medical	history,	physical	examination	(ie,	abdominal	examination	to



exclude	distended	bladder,	pelvic	examination	in	women	looking	for	evidence	of	prolapse	or	hormonal	deficiency,	and	genital	and	prostate	examination	in	men),	and	brief	neurologic	assessment	of	the	perineum	and	lower	extremities	are	recommended.	For	SUI,	the	preferred	diagnostic	test	is	observation	of	urethral
meatus	while	the	patient	coughs	or	strains.	For	UUI,	the	preferred	diagnostic	tests	are	urodynamic	studies.	Perform	urinalysis	and	urine	culture	to	rule	out	urinary	tract	infection.	For	urethral	overactivity	and/or	bladder	underactivity,	perform	digital	rectal	examination	or	transrectal	ultrasound	to	rule	out	prostate
enlargement.	Perform	renal	function	tests	to	rule	out	renal	failure.	TREATMENT	Goals	of	Treatment:	Restoration	of	continence,	reduction	in	the	number	of	UI	episodes,	and	prevention	of	complications.	NONPHARMACOLOGIC	TREATMENT	Nonpharmacologic,	nonsurgical	treatment	(eg,	lifestyle	modifications,	toilet
scheduling	regimens,	and	pelvic	floor	muscle	rehabilitation)	is	first-line	treatment	for	UI.	Surgery	rarely	plays	a	role	in	initial	management	of	UI	but	can	be	required	for	secondary	complications	(eg,	skin	breakdown	or	infection).	The	decision	to	surgically	treat	symptomatic	UI	requires	that	lifestyle	compromise
warrant	an	elective	operation	and	that	nonoperative	therapy	be	proven	undesirable	or	ineffective.	PHARMACOLOGIC	TREATMENT	Bladder	Overactivity:	Urge	Urinary	Incontinence	The	pharmacotherapy	of	first	choice	for	UUI	is	anticholinergic/antispasmodic	drugs,	which	antagonize	muscarinic	cholinergic	receptors
(Table	81–3).	TABLE	81–3	Drug	Brand	Name	Dosing	of	Medications	Approved	for	OAB	or	UUI	Initial	Dose	Usual	Range	Special	Population	Dose	Comments	Anticholinergics/Antimuscarinics	Oxybutynin	IR	Ditropan	Oxybutynin	XL	Ditropan	XL	2.5	mg	2.5–5	mg	two	twice	to	four	times	daily	daily	Titrate	in	increments	of
2.5	mg/day	every	1–2	months;	available	in	oral	solution	5–10	mg	once	daily	Adjust	dose	in	5-mg	increments	at	weekly	interval;	swallow	whole	5–30	mg	once	daily	1153	Oxybutynin	TDS	Oxytrol	3.9	mg/day	apply	one	patch	twice	weekly	Apply	every	3–4	days;	rotate	application	site	Oxybutynin	gel	Gelnique	10%	One	sachet
(100	mg)	topically	daily	Apply	to	clean	and	dry,	intact	skin	on	abdomen,	thighs	or	upper	arms/shoulders;	contains	alcohol	Oxybutynin	gel	Gelnique	3%	3%	Three	pumps	(84	mg)	topically	daily	Same	as	above	Tolterodine	IR	1–2	mg	twice	daily	1	mg	twice	daily	if	patient	is	taking	CYP3A4	inhibitors,	or	with	renal/hepatic
impairment	Tolterodine	LA	Detrol	LA	2–4	mg	once	daily	2	mg	once	daily	in	those	who	are	taking	CYP3A4	inhibitors,	or	with	renal/hepatic	impairment	Trospium	chloride	IR	Sanctura	20	mg	twice	daily	20	mg	once	daily	in	Take	1	hour	before	patient	age	≥75	meals	or	on	empty	years	or	creatinine	stomach;	patient
clearance	≤30	age	≥75	years	mL/min	(≤0.5	should	take	at	mL/s)	bedtime	Trospium	chloride	ER	Sanctura	XR	60	mg	once	daily	Avoid	in	patient	age	≥75	years	or	creatinine	clearance	≤30	mL/min	(≤0.5	mL/s)	Solifenacin	VESIcare	5	mg	daily	5–10	mg	once	daily	5	mg	daily	if	patient	Swallow	whole	is	taking	CYP3A4
inhibitors	or	with	creatinine	clearance	≤30	mL/min	(≤0.5	mL/s)	or	moderate	hepatic	impairment;	avoid	in	severe	hepatic	impairment	7.5	mg	once	daily	7.5–15	mg	once	daily	7.5	mg	daily	if	Titrate	dose	after	at	patient	is	taking	least	2	weeks;	potent	CYP3A4	swallow	whole	inhibitors	or	with	moderate	hepatic
impairment;	avoid	in	severe	hepatic	impairment	Detrol	Darifenacin	ER	Enablex	1154	Swallow	whole;	avoid	in	patients	with	creatinine	clearance	≤10	mL/min	(≤0.17	mL/s)	Take	1	hour	before	meals	or	on	empty	stomach;	swallow	whole	Fesoterodine	ER	Toviaz	4	mg	once	daily	4–8	mg	once	daily	4	mg	daily	if	patient
Prodrug	(metabolized	is	taking	potent	to	5-hydroxymethyl	CYP3A4	inhibitors	tolterodine);	or	with	creatinine	swallow	whole	clearance	≤30	mL/min	(≤0.5	mL/s);	avoid	in	severe	hepatic	impairment	25	mg	once	daily	25–50	mg	once	25	mg	once	daily	if	Swallow	whole	daily	creatinine	clearance	15-29	mL/min	(0.25-0.49
mL/s)	or	moderate	hepatic	impairment;	avoid	in	patients	with	ESRD	or	severe	hepatic	impairment	β3-Adrenergic	Agonist	Mirabegron	ER	Myrbetriq	(CYP,	cytochrome	P450	enzyme;	ER,	extended	release;	ESRD,	end-stage	renal	disease;	IR,	immediate-release;	LA,	long-acting;	OAB,	overactive	bladder;	TDS,	transdermal
system;	UUI,	urge	urinary	incontinence;	XL,	extended-release.)	OXYBUTYNIN	Oxybutynin	immediate-release	(IR)	is	the	drug	of	first	choice	for	UUI	and	the	“gold	standard”	against	which	other	drugs	are	compared.	Financial	considerations	favor	generic	oxybutynin	IR.	Many	patients	discontinue	oxybutynin	IR	because
of	adverse	effects	due	to	antimuscarinic	effects	(eg,	dry	mouth,	constipation,	vision	impairment,	confusion,	cognitive	dysfunction,	and	tachycardia),	α-adrenergic	inhibition	(eg,	orthostatic	hypotension),	and	histamine	H1	inhibition	(eg,	sedation	and	weight	gain).	Oxybutynin	extended-release	(XL)	is	better	tolerated
than	oxybutynin	IR.	Maximum	benefits	may	take	up	to	4	weeks	after	starting	therapy	or	dose	escalation.	Oxybutynin	transdermal	system	(TDS)	has	similar	efficacy	but	is	better	tolerated	than	oxybutynin	IR	presumably	because	this	route	avoids	first-pass	metabolism	in	the	liver,	which	generates	the	metabolite	thought
to	cause	adverse	events,	especially	dry	mouth.	Oxybutynin	gel	is	also	available	for	daily	use.	No	data	are	available	comparing	it	with	an	active	control.	TOLTERODINE	Tolterodine,	a	competitive	muscarinic	receptor	antagonist,	is	considered	first-line	therapy	in	patients	with	urinary	frequency,	urgency,	or	urge
incontinence.	Controlled	studies	demonstrate	that	tolterodine	is	more	effective	than	placebo	and	as	effective	as	oxybutynin	IR	in	efficacy	outcomes	with	lower	drug	discontinuation	rates.	Tolterodine	undergoes	hepatic	metabolism	involving	cytochrome	(CYP)	2D6	and	1155	3A4	isoenzymes.	Therefore,	elimination	may
be	impaired	by	CYP	3A4	inhibitors,	including	fluoxetine,	sertraline,	fluvoxamine,	macrolide	antibiotics,	azole	antifungals,	and	grapefruit	juice.	Tolterodine’s	most	common	adverse	effects	include	dry	mouth,	dyspepsia,	headache,	constipation,	and	dry	eyes.	The	maximum	benefit	of	tolterodine	is	not	realized	for	up	to	8
weeks	after	starting	therapy	or	dose	escalation.	Tolterodine	long	acting	(LA)	offers	once-daily	dosing	and	may	also	take	up	to	8	weeks	after	starting	therapy	or	dose	escalation	to	see	maximum	benefit.	Fesoterodine	fumarate	is	a	prodrug	for	tolterodine	and	is	considered	an	alternative	first-line	therapy	for	UI	in
patients	with	urinary	frequency,	urgency,	or	urge	incontinence.	OTHER	PHARMACOLOGIC	THERAPIES	FOR	URGE	URINARY	INCONTINENCE	Trospium	chloride	IR,	a	quaternary	ammonium	anticholinergic,	is	superior	to	placebo	and	is	equivalent	to	oxybutynin	IR	and	tolterodine	IR.	It	causes	the	expected
anticholinergic	adverse	effects	with	increased	frequency	in	patients	75	years	or	older.	An	extended-release	product	is	also	available.	Solifenacin	succinate	and	darifenacin	are	second-generation	antimuscarinic	agents.	Both	have	been	shown	to	improve	quality-of-life	domains.	Drug	interactions	are	possible	if	CYP	3A4
inhibitors	are	given	with	solifenacin	succinate	or	CYP	2D6	or	3A4	inhibitors	with	darifenacin.	Mirabegron	is	a	β3-adrenergic	agonist	alternative	to	anticholinergic/antimuscarinic	drugs	for	managing	UUI.	It	has	modest	efficacy	as	compared	with	placebo.	Hypertension,	nasopharyngitis,	urinary	tract	infection,	and
headache	were	the	most	common	adverse	effects	reported.	It	is	a	moderate	inhibitor	of	CYP2D6.	Use	of	other	agents,	including	tricyclic	antidepressants,	propantheline,	flavoxate,	hyoscyamine,	and	dicyclomine	hydrochloride,	is	not	recommended.	They	are	less	effective,	not	safer,	or	have	not	been	adequately	studied.
Selection	of	initial	drug	therapy	depends	on	side-effect	profile,	comorbidities,	concurrent	drug	therapy,	and	patient	preference	in	drug	delivery	methods	(Table	81–	4).	TABLE	81–4	Adverse	Event	Incidence	Rates	with	Approved	Drugs	for	Bladder	Overactivitya	Drug	Dry	Mouth	Constipation	Dizziness	Vision	Disturbance
Oxybutynin	IR	71	15	17	10	Oxybutynin	XL	61	13	6	14	Oxybutynin	TDS	7	3	NR	3	Oxybutynin	gel	10	1	3	3	Tolterodine	35	7	5	3	Tolterodine	LA	23	6	2	4	Trospium	chloride	IR	20	10	NR	1	1156	Trospium	chloride	XR	11	9	NR	2	Solifenacin	20	9	2	5	Darifenacin	ER	24	18	2	2	Fesoterodine	ER	27	5	NR	3	Mirabegron	ER	3	3	3	NR
(IR,	immediate-release;	LA,	long-acting;	NR,	not	reported;	TDS,	transdermal	system;	XL,	extendedrelease;	XR/ER,	extended-release.)	a	All	values	constitute	mean	data,	predominantly	using	product	information	from	the	manufacturers.	Botulinum	toxin	A	temporarily	paralyzes	smooth	or	striated	muscle.	It	is	indicated
for	the	treatment	of	detrusor	overactivity	associated	with	neurologic	condition	and	overactive	bladder	(OAB).	Adverse	effects	of	botulinum	toxin	A	include	dysuria,	hematuria,	urinary	tract	infection,	and	urinary	retention	(up	to	20%).	Therapeutic	and	adverse	effects	are	seen	3	to	7	days	after	injection	and	subside	after
6	to	8	months.	Urethral	Underactivity:	Stress	Urinary	Incontinence	Treatment	of	SUI	is	aimed	at	improving	urethral	closure	by	stimulating	α-adrenergic	receptors	in	smooth	muscle	of	the	bladder	neck	and	proximal	urethra,	enhancing	supportive	structures	underlying	the	urethral	epithelium,	or	enhancing	serotonin
and	norepinephrine	effects	in	the	micturition	reflex	pathways.	ESTROGENS	Historically,	local	and	systemic	estrogens	have	been	the	mainstays	of	pharmacologic	management	of	SUI.	A	meta-analysis	of	34	trials	evaluating	the	use	of	local	or	systemic	estrogen	therapy	on	UI	in	postmenopausal	women	found	that
systemic	administration	of	estrogen	alone	or	in	combination	with	progesterone	resulted	in	UI	worsening.	There	was	some	evidence	that	vaginal	estrogen	may	improve	UI,	and	reduce	urgency	and	frequency.	A	meta-analysis	of	17	trials	of	local	estrogen	compared	to	placebo	or	no	treatment	found	beneficial	effects	on	UI
and	OAB	symptoms	and	some	urodynamic	parameters.	Based	on	the	results	of	these	analyses,	only	topical	estrogen	products	should	be	used	for	treatment	of	UI	or	OAB	in	postmenopausal	women.	α-ADRENERGIC	RECEPTOR	AGONISTS	Many	open	trials	support	the	use	of	a	variety	of	α-adrenergic	receptor	agonists	in
SUI.	Combining	an	α-adrenergic	receptor	agonist	with	an	estrogen	yields	somewhat	superior	clinical	and	urodynamic	responses	compared	with	monotherapy.	Contraindications	to	these	agents	include	hypertension,	tachyarrhythmias,	coronary	artery	disease,	myocardial	infarction,	cor	pulmonale,	hyperthyroidism,
renal	failure,	and	narrow-angle	glaucoma.	DULOXETINE	Duloxetine,	a	dual	inhibitor	of	serotonin	and	norepinephrine	reuptake	indicated	for	1157	depression	and	painful	diabetic	neuropathy,	is	approved	in	many	countries	for	the	treatment	of	SUI,	but	not	in	the	United	States.	Duloxetine	is	thought	to	facilitate	the
bladder-to-sympathetic	reflex	pathway,	increasing	urethral	and	external	urethral	sphincter	muscle	tone	during	the	storage	phase.	Six	placebo-controlled	studies	showed	that	duloxetine	reduces	incontinent	episode	frequency	and	the	number	of	daily	micturitions,	increases	micturition	interval,	and	improves	quality-of-
life	scores.	These	benefits	were	statistically	significant	but	clinically	modest.	Monitor	patients	taking	concurrent	CYP	2D6	and	1A2	substrates	or	inhibitors	closely.	The	adverse	event	profile	might	make	adherence	problematic.	Adverse	events	include	nausea,	headache,	insomnia,	constipation,	dry	mouth,	dizziness,
fatigue,	somnolence,	vomiting,	and	diarrhea.	OVERFLOW	INCONTINENCE	Overflow	incontinence	secondary	to	benign	or	malignant	prostatic	hyperplasia	may	be	amenable	to	pharmacotherapy	(see	Chaps.	64	and	79).	EVALUATION	OF	THERAPEUTIC	OUTCOMES	Total	elimination	of	UI	signs	and	symptoms	may	not	be
possible.	Therefore,	realistic	goals	should	be	established	for	therapy.	In	the	long-term	management	of	UI,	the	clinical	symptoms	of	most	distress	to	the	individual	patient	need	to	be	monitored.	Survey	instruments	used	in	UI	research	along	with	quantitating	the	use	of	ancillary	supplies	(eg,	pads)	can	be	used	in	clinical
monitoring.	Therapies	for	UI	frequently	have	nuisance	adverse	effects,	which	need	to	be	carefully	elicited.	Adverse	effects	can	necessitate	drug	dosage	adjustments,	use	of	alternative	strategies	(eg,	chewing	sugarless	gum,	sucking	on	hard	sugarless	candy,	or	use	of	saliva	substitutes	for	xerostomia),	or	even	drug
discontinuation.	____________	See	Chapter	85,	Urinary	Incontinence,	authored	by	Eric	S.	Rovner,	Jean	Wyman,	and	Sum	Lam,	for	a	more	detailed	discussion	of	this	topic.	1158	APPENDICES	Edited	by	Barbara	G.	Wells	1159	APPENDIX	1160	Drug	Allergy	TABLE	A1–1	Classification	of	Allergic	Drug	Reactions	Type
Descriptor	Characteristics	Typical	Onset	I	Immediate	(IgE	mediated)	Allergen	binds	to	IgE	on	basophils	or	mast	cells,	resulting	in	release	of	inflammatory	mediators	Within	1	hour	(may	Penicillin	be	within	1–6	anaphylaxis,	hours)	angioedema	Blood	products	Polypeptide	hormones	Vaccines	Dextran	II	Delayed;
Cytotoxic	Cell	destruction	occurs	Typically	>72	hours	Penicillin,	quinidine,	because	of	cell-associated	to	weeks	quinine,	heparin,	antigen	that	initiates	thiouracils,	cytolysis	by	antigen-specific	sulfonamides,	antibody	(IgG)	and	methyldopa	complement.	Most	often	involves	blood	elements.	III	Delayed;	Immune	complex
Antigen–antibody	(IgG	or	IgM)	>72	hours	to	weeks	May	be	caused	by	complexes	form	and	penicillins,	deposit	on	blood	vessel	sulfonamides,	walls	and	activate	minocycline,	complement.	Result	is	a	hydantoins	serum	sickness-like	syndrome	or	vasculitis.	IV	Delayed;	T	Cellmediated	Antigens	cause	activation	of	T	>72
hours	lymphocytes,	which	release	cytokines	and	recruit	effector	cells	IVa	Th1	cells	and	interferon-γ,	1–21	days	monocytes	and	eosinophils	respond	to	the	antigen	Tuberculin	reaction,	contact	dermatitis	IVb	Th2	cells,	interleukin-4	and	1–6	weeks	interleukin-5	respond	to	the	antigen	Maculopapular	rashes	with
eosinophilia	IVc	Cytotoxic	T	cells,	perforin,	4–28	days	granzyme	B,	FasL	respond	to	the	antigen	Bullous	exanthems;	fixed	drug	eruptions	IVd	T	cells	and	interleukin-8	respond	to	the	antigen	Acute	generalized	exanthematous	pustulosis	TABLE	A1–2	>72	hours	Drug	Causes	Top	10	Drugs	and	Agents	Reported	to	Cause
Skin	Reactions	Reactions	per	1000	Recipients	Amoxicillin	51.4	Trimethoprim–sulfamethoxazole	33.8	1161	Ampicillin	33.2	Iopodate	27.8	Blood	21.6	Cephalosporins	21.1	Erythromycin	20.4	Dihydralazine	hydrochloride	19.1	Penicillin	G	18.5	Cyanocobalamin	17.9	Data	from	Roujeau	JC,	Stern	RS.	Severe	adverse
cutaneous	reactions	to	drugs.	N	Engl	J	Med	1994;331:1272-1285.	TABLE	A1–3	Treatment	of	Anaphylaxis	1.	Remove	the	inciting	allergen,	if	possible.	2.	Assess	airway,	breathing,	circulation,	and	orientation.	Support	the	airway.	3.	Cardiopulmonary	resuscitation:	Start	chest	compressions	(100/min)	if	cardiovascular
arrest	occurs	at	any	time.	4.	Administer	epinephrine	1:1000	(adults:	0.3–0.5	mg;	children:	0.01	mg/kg)	IM	in	the	lateral	aspect	of	the	thigh.	5.	Place	patient	in	recumbent	position.	6.	Administer	oxygen	8–10	L/min	through	facemask	or	up	to	100%	oxygen	as	needed;	monitor	by	pulse	oximetry,	if	available.	7.	Repeat	IM
epinephrine	every	5–15	minutes	for	up	to	3	injections	if	the	patient	is	not	responding.	8.	Establish	IV	line	for	venous	access.	Keep	line	open	with	0.9%	saline	solution.	For	hypotension	or	failure	to	respond	to	epinephrine,	administer	1–2	L	at	a	rate	of	5–10	mL/kg	in	the	first	5–10	minutes.	Children	should	receive	up	to
30	mL/kg	in	the	first	hour.	9.	Consider	nebulized	albuterol	2.5–5	mg	in	3	mL	of	saline	for	lower	airway	obstruction;	repeat	as	necessary.	10.	In	cases	of	refractory	bronchospasm	or	hypotension	not	responding	to	epinephrine	because	a	βadrenergic	blocker	is	complicating	management,	glucagon	1–5	mg	IV	(20–30
mcg/kg;	maximum,	1	mg	in	children)	given	IV	over	5	minutes.	11.	Give	epinephrine	by	continuous	IV	infusion	for	patients	with	inadequate	response	to	IM	epinephrine	and	IV	saline.	Add	1	mg	(1	mL	of	1:1000)	of	epinephrine	to	1000	mL	of	0.9%	saline	solution;	Start	infusion	at	2	mcg/min	and	increase	up	to	10	mcg/min
based	on	blood	pressure,	heart	rate,	and	cardiac	function.	12.	Consider	intraosseous	access	for	either	adults	or	children	if	attempts	at	IV	access	are	unsuccessful.	13.	Consider	the	antihistamine	diphenhydramine	(adults	25–50	mg;	children	1	mg/kg,	up	to	50	mg)	IM	or	by	slow	IV	infusion.	14.	Consider	ranitidine	50	mg
in	adults	and	12.5–50	mg	(1	mg/kg)	in	children.	The	dose	may	be	diluted	in	5%	dextrose	in	water	to	a	volume	of	20	mL	and	injected	over	5	minutes.	15.	Consider	methylprednisolone	1–2	mg/kg/dose	up	to	125	mg	(or	an	equivalent	steroid)	to	reduce	the	risk	of	recurring	or	protracted	anaphylaxis.	Prednisone	20	mg
orally	can	be	given	in	mild	cases.	These	doses	can	be	repeated	every	6	hours	as	required.	(IM,	intramuscular.)	Adapted	from	Lieberman	P,	Nicklas	RA,	Randolph	C,	et	al.	Anaphylaxis	-	a	practice	parameter	update	2015.	Ann	Allergy	Asthma	Immunol	2015;115:341-384.	Copyright	©	2015	Elsevier.	TABLE	A1–4	Procedure
for	Performing	Penicillin	Skin	Testing	A.	Percutaneous	(Prick)	Skin	Testing	(Using	a	22-	to	28-Gauge	Needle)	Materials	Volume	(Drop)	Pre-Pen	6	×	106	M	1	1162	Penicillin	G	10,000	units/mL	β-Lactam	drug	(amoxicillin)	2	mg/mL	Saline	control	Histamine	control	(1	mg/mL)	1	1	1	1	1.	Place	a	drop	of	each	test	material
on	the	volar	surface	of	the	forearm.	2.	Prick	the	skin	with	the	needle	to	make	a	single	shallow	puncture	of	the	epidermis	through	the	drop.	3.	Interpret	skin	responses	during	the	next	15	minutes.	Observe	for	a	wheal	or	erythema	and	the	occurrence	of	itching.	4.	A	wheal	in	diameter	of	5	mm	or	greater	surrounding	the
puncture	site	is	considered	a	positive	test	result.	5.	Wipe	off	the	solution	near	the	puncture	site.	6.	If	the	prick	test	result	is	negative	or	equivocal	(wheal	30	—	??	—	—	E-Book	Information	Year:	2,017	Edition:	Paperback	Pages:	1,008	Pages	In	File:	1,304	Language:	English	Identifier:	125958643X,9781259586439
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